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Description

[0001] This invention relates to a fuel injection control device of a diesel engine according to the preamble of independent
claim 1 and to a method for controlling fuel injection for a diesel engine.
[0002] Prior art document EP 0 987 425 A1 teaches a diesel engine control system for keeping an air-to-fuel ratio at
a target value by controlling the amount of exhaust gas that is admitted detects that an diesel engine has entered an
accelerative drive state and advances a fuel injection timing so as to terminate fuel injection earlier when detecting
entering the accelerative drive state than a point of time immediately before the diesel engine has entered the accelerative
drive state. The fuel injection timing is greatly advanced immediately after the diesel engine has entered the accelerative
drive state and subsequently gradually returned toward a retarded side according to a lapse of time until expiration of
an initial period of acceleration.
[0003] JP2000-54901A published by the Japanese Patent Office in 2000 discloses a fuel injection controller of a diesel
engine which adjusts the fuel injection timing of a fuel according to the magnitude of a difference between a target intake
air amount and a real intake air amount, when the difference arises.
[0004] In a diesel engine provided with an exhaust gas recirculation (EGR) mechanism, recirculated exhaust gas
becomes a part of the air aspirated by the engine, so the delay of recirculated exhaust gas poses a problem. As the
above-mentioned conventional fuel injection takes only the delay of the fresh air into account, it is inapplicable to a diesel
engine provided with an EGR device.
[0005] When the intake air amount of an engine varies owing to a rapid change in a engine load etc., the exhaust gas
recirculation amount actually aspirated by the engine accompanies with a time lag to the target exhaust gas recirculation
amount calculated by a controller.
[0006] As the recirculated exhaust gas forms part of the intake air, the real excess air ratio of the engine is delayed
relative to a target excess air ratio calculated by the controller. If the fuel injection timing is adjusted by calculating the
difference between the target excess air ratio and a real excess air ratio without correcting for this delay, the timing that
a fuel injection device injects fuel shifts from an optimal fuel injection timing. In this case, the engine generates a noise
and a torque shock, which causes discomfort to the driver.
[0007] It is therefore an object of this invention to provide a fuel injection controller of a diesel engine as indicated
above and a method for controlling a fuel injection for a diesel engine which takes the delay of the exhaust gas recirculation
into account, and adjusts the fuel injection timing of the fuel accordingly.
[0008] According to the apparatus aspect said object is solved by a fuel injection control device for a diesel engine
having the features of independent claim 1. Preferred embodiments are laid down in the dependent claims.
[0009] Furthermore according to the method aspect of the present invention, said objective is solved by a method for
controlling a fuel injection for a diesel engine having the features of independent claim 5.
[0010] Accordingly, a fuel injection control device for a diesel engine is provided with a fuel injection mechanism that
controls a timing of fuel injection, an exhaust gas recirculation mechanism that recirculates part of exhaust gas into air
introduced into a cylinder of the engine, and a turbocharger that pressurizes fresh air introduced into the cylinder of the
engine.
[0011] The fuel injection control device comprises a sensor that detects a running condition of the engine and a
programmable controller.
[0012] The programmable controller is programmed to set a basic fuel injection timing based on the running condition
of the engine, set a target excess air ratio based on the running condition of the engine, correct the basic fuel injection
timing according to a delay of a real exhaust gas recirculation amount to a target exhaust gas recirculation amount, and
control a fuel injection timing of the fuel injection mechanism according to to the corrected fuel injection timing.
[0013] Hereinafter the present invention is illustrated and explained by means of preferred embodiments in conjunction
with the accompanying drawings. In the drawings wherein:
[0014] Fig.1 is a schematic diagram of a diesel engine with a fuel injection controller according to the present teaching.
[0015] Fig.2 is a flowchart describing a routine for computing an intake air amount Qac, performed by a controller
according to the present teaching.
[0016] Fig.3 is a diagram describing the characteristics of a map that transforms an airflow meter output voltage into
an intake air flow Qas0_d, stored by the controller.
[0017] Fig.4 is a flowchart describing a routine for computing a target fuel injection amount Qsol, performed by the
controller.
[0018] Fig.5 is a diagram describing the characteristics of a map of a basic fuel injection amount Mqdrv, stored by
the controller.
[0019] Fig.6 is a flowchart describing a routine for computing a target excess air ratio Tlamb, performed by the controller.
[0020] Fig.7 is a diagram describing the characteristics of a map of a basic target excess air ratio Tlambb, stored by
the controller.
[0021] Fig.8 is a diagram describing the characteristics of a map of a correction ratio Klamb_tw, stored by the controller.
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[0022] Fig.9 is a flowchart describing a routine for computing a target exhaust gas recirculation ratio Megr, performed
by the controller.
[0023] Fig. 10 is a diagram describing the characteristics of a map of a basic target exhaust gas recirculation ratio
Megrb, stored by the controller.
[0024] Fig. 11 is a diagram describing the characteristics of a map of a correction ratio Kegr_tw, stored by the controller.
[0025] Fig. 12 is a flowchart describing a routine for computing a delay process time constant equivalent Kkin, per-
formed by the controller.
[0026] Fig. 13 is a diagram describing the characteristics of a map of a basic delay process time constant equivalent
Kinb, stored by the controller.
[0027] Fig. 14 is a flowchart describing a routine for computing a real exhaust gas recirculation amount Qec, performed
by the controller.
[0028] Fig. 15 is a flowchart describing a routine for computing a real exhaust gas recirculation ratio Megrd, performed
by the controller.
[0029] Fig. 16 is a flowchart describing a routine for computing a real excess air ratio Rlamb, performed by the controller.
[0030] Fig. 17 is a flowchart describing a routine for computing a basic fuel injection timing It_static, performed by
the controller.
[0031] Fig.18 is a diagram describing the characteristics of a map of a basic fuel injection timing It_static, stored by
the controller.
[0032] Fig. 19 is a flowchart describing a routine for computing a final fuel injection timing It_dyn, performed by the
controller.
[0033] Fig.20 is a diagram describing the characteristics of a map of a correction ratio Gindit, stored by the controller.
[0034] Fig.21 is a flowchart describing a routine for a delay process, performed by the controller.
[0035] Fig.22 is a flowchart describing a routine for computing a final fuel injection timing It_dyn, performed by the
controller according to a second embodiment .
[0036] Fig.23 is a diagram describing the characteristics of a map of a correction ratio Gindith, stored by the controller
according to a second embodiment .
[0037] Fig.24 is a flowchart describing a routine for computing a real excess air ratio Rlamb, performed by the controller
according to a third embodiment.
[0038] Fig.25 is a diagram describing the characteristics of a map that transforms exhaust gas oxygen concentration
meter output voltage Soafr into oxygen concentration rAFR, stored by the controller according to a third embodiment .
[0039] Fig.26 is a flowchart describing a routine for computing a real excess air ratio Rlamb, performed by the controller
according to a forth embodiment of this invention.
[0040] Fig.27 is a flowchart describing a routine for computing a basic fuel injection timing It_static, performed by the
controller according to a forth embodiment .
[0041] Fig.28 is a diagram describing the characteristics of a map of a rich spick fuel injection timing It_static_r, stored
by the controller according to a forth embodiment.
[0042] Fig.29 is a flowchart describing a routine for setting a rich spike flag frspk, performed by the controller according
to a forth embodiment.
[0043] Fig.30 is a flowchart describing a routine for computing a target excess air ratio Tlamb, performed by the
controller according to a forth embodiment .
[0044] Figs. 31A-31B are timing chart for describing a real excess air ratio Rlamb and a final fuel injection timing It_
dyn for the purpose of adjusting the fuel injection timing when a target excess air ratio Tlamb and a basic fuel injection
timing It_static are suddenly changed according to the present teaching.
[0045] Referring to Fig. 1 of the drawings, a diesel engine comprises an engine 1, a intake air throttle 11, a turbocharger
5, a fuel injection valve 4, an intake air pipe 2, an intake manifold 6, an exhaust manifold 3, an exhaust pipe 17, an
exhaust gas recirculation passage 10, nitrogen oxide (NOx) catalyst 18, and an exhaust gas recirculation valve 9.
[0046] An air flow sensor 20 and an intake air throttle 11 are provided with the intake air pipe 2 which is connected to
an intake manifold 6.
[0047] An exhaust gas oxygen concentration sensor 25 and the NOx catalyst 18 are provided with the exhaust pipe
17 which is connected to the exhaust manifold 3.
[0048] The EGR mechanism comprises the exhaust gas recirculation passage 10 and the exhaust gas recirculation
valve 9 that controls the exhaust gas recirculation amount. The exhaust gas recirculation passage 10 connects the intake
manifold 6 and the exhaust manifold 3 to recirculate part of the exhaust gas to the engine 1.
[0049] The intake air throttle 11 adjusts the flowrate of the air aspirated from the atmosphere. The turbocharger 5
pressurizes the intake air and supplies it to the intake manifold 6 via the intake air pipe 2. The exhaust gas recirculation
passage 10 recirculates part of the exhaust gas into the intake air. The intake manifold 6 distributes a mixture of air and
recirculated exhaust gas into the combustion chamber of the engine 1.
[0050] The fuel injection valve 4 injects fuel directly into the combustion chamber of the engine 1 by opening the valve.
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The injected fuel burns with the mixture of air and recirculated exhaust gas in the combustion chamber, and forms
combustion gas. The combustion chamber of the engine 1 discharges the combustion gas as exhaust gas to the exhaust
manifold 3. The discharged exhaust gas drives the turbocharger 5 using its high pressure.
[0051] The NOx catalyst 18 traps hazardous NOx in the exhaust gas to clean the exhaust gas. After cleaned up, the
exhaust gas is discharged into the atmosphere via the exhaust pipe 17.
[0052] The EGR mechanism 9, 10 recirculates part of the exhaust gas discharged from the engine 1 into the collector
of the intake manifold 6 to form the mixture of the intake air and the recirculated exhaust gas. The exhaust gas recirculation
valve 9 regulates the flow of the recirculated exhaust gas to make a desired excess air ratio.
[0053] Due to this exhaust gas recirculation, the excess air ratio of the air aspirated by the engine 1 is reduced, so
generation of NOx can be suppressed
[0054] The fuel injection control device according to the present teaching comprises a controller 13 that comprises
one or more microcomputers having a central processing unit (CPU), a read-only memory (ROM), a random access
memory (RAM), and an input/output interface (I/O interface).
[0055] The controller 13 controls the fuel injection timing by controlling the opening timing and closing timing of the
fuel injection valve 4 by sending an injection signal to the fuel injection valve 4.
[0056] To detect signals representing engine running conditions, the controller 13 is connected via signal circuits to
a crank angle sensor 21 which detects an engine rotation speed Ne, an accelerator pedal depression sensor 22 which
detects an accelerator pedal depression C/, an engine cooling water temperature sensor 23 which detects an engine
cooling water temperature Tw, an air flow sensor 20 which detects an intake air amount Us, and an oxygen concentration
sensor 25 which detects an exhaust gas recirculation oxygen concentration Soafr. Based on these signals, the controller
13 determines the fuel injection timing, and outputs the injection signal to the fuel injection valve 4.
[0057] By performing the routine described below, the controller 13 determines the excess air ratio of the air supplied
to the engine 1. The controller 13 controls the exhaust gas recirculation valve 9 to mach the exhaust gas flowing through
the exhaust gas recirculation passage 10 with the exhaust gas recirculation amount calculated based on the determined
excess air ratio.
[0058] All of the maps mentioned in the following explanation are stored in the ROM of the controller 13 in advance.
Unless otherwise noted, each of these routines is executed repeatedly at an interval of four milliseconds while the diesel
engine 1 is running.
[0059] To perform the above control, the controller 13 determines a final injection timing by performing the routines
shown in Figs. 2, 4, 6, 9, 12, 14, 15, 16, 17, 19, 21, and 22.
[0060] Referring to Fig. 2, in a step S21, an output voltage Us from the air flow sensor 20 is sampled. In a step S22,
the output voltage Us is converted to an air flowrate Qas_d by referring to a map having the characteristics shown in
Fig. 3. In a step S23, the converted air flowrate Qas0_d is weighted averaged to calculate an average air flowrate Qas0.
This weighted average processing eliminates the effect of the pressure pulsation on the intake air flow. In a step S24,
an intake air flowrate Qac is calculated using the equation below:

where, Kcon# = constant.
[0061] Next, the routine for calculating a target fuel injection amount Qsol is explained referring to Fig. 4. In a step
S41, the engine rotation speed Ne is read. In a step S42, the accelerator pedal depression Cl is read. In a step S43, a
basic fuel injection amount Mqdrv is computed by looking up a map having the characteristics shown in Fig. 5, using
the read engine rotation speed Ne and the accelerator pedal depression Cl. The basic fuel injection amount Mqdrv
increases, the larger the accelerator pedal depression Cl. In a step S44, a target fuel injection amount Qsol is calculated
by correcting the computed basic fuel injection amount Mqdrv based on the cooling water temperature Tw.
[0062] Next, a routine for computing a target air excess ratio Tlamb is explained referring to Fig. 6. In a step S61, the
engine rotation speed Ne, the engine cooling water temperature Tw, and the target fuel injection amount Qsol are read.
In a step S62, a basic air excess ratio Tlambb corresponding to the engine rotation speed Ne and the basic target fuel
Qsol is computed by looking up a map having the characteristics shown in Fig. 7. The basic air excess ratio Tlambb
increases, the larger the target fuel injection amount Qsol. In a step S63, a correction coefficient Klamb_tw corresponding
to the engine cooling water temperature Tw is computed by looking up a map having the characteristics shown in Fig.
8. In a step S64, the target air excess ratio Tlamb is calculated using the following equation:
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[0063] In this way, the target air excess ratio Tlamb which stabilizes combustion at a low engine temperature is
calculated by correcting the basic air excess ratio Tlambb based on the engine cooling water temperature Tw.
[0064] Next, the routine for calculating a target exhaust gas recirculation rate Megr that is the proportion of exhaust
gas recirculation amount to the intake air amount is explained referring to Fig. 9. In a step S91, the engine rotation speed
Ne, the engine cooling water temperature Tw, and the target fuel injection amount Qsol are read. In a step S92, the
basic exhaust gas recirculation Megrb corresponding to the engine rotation speed Ne and the target fuel injection amount
Qsol is computed by looking up a map having the characteristics shown in Fig. 10. The basic exhaust gas recirculation
Megrb is a ratio of the exhaust gas recirculation amount which is recirculated to suppress generation of nitrogen oxides
to the intake air amount, and this value increases, the larger the target fuel injection amount Qsol.
[0065] In a step S93, a correction coefficient Kegr_tw corresponding to the engine cooling water temperature Tw is
computed by looking up a map having the characteristics shown in Fig. 11. In a step S64, the target exhaust gas
recirculation ratio Megr is calculated using the following equation:

[0066] Next, a routine for calculating a delay process time constant equivalent Kkin of the intake air and the recirculated
exhaust gas is explained referring to Fig. 12. The intake air of which the flowrate is controlled by the intake air throttle
11 passes in an intake air pipe 2 and the intake manifold 6, and reaches a intake air valve of the cylinder of the engine
1. Likewise, the recirculated exhaust gas of which the flowrate is controlled by the exhaust gas recirculation valve 9
passes in the exhaust gas reticulation passage 10 and intake air manifold 6, and reaches the cylinder of the engine 1.
Therefore, a predetermined time is required from the time when the control is applied to the intake air and the recirculated
exhaust gas until the time when the control-applied intake air and the control-applied recirculated exhaust gas are
introduced into the cylinder of the engine 1. This time lag is referred as "delay". To determine a precise fuel injection
timing that is computed by considering the delay, the controller 13 calculates the time constant equivalent Kkin of the
delay.
[0067] In a step S121, the engine rotation speed Ne, the real exhaust gas recirculation ratio Megrd, and the target
fuel injection amount Qsol are read. In a step S122, a basic volumetric efficiency equivalent kinb corresponding to the
engine rotation speed Ne and the target fuel injection amount Qsol is computed by looking up a map having the char-
acteristics shown in Fig.13. In a step S123, a volumetric efficiency equivalent Kin is calculated using the following equation:

[0068] In a step S124, the delay process time constant equivalent Kkin is calculated using the following equation:

where, Kvol# = constant.
[0069] Next, a routine for computing an exhaust gas recirculation amount Qec actually introduced into the engine 1
is explained referring to Fig. 14. In a step S141, an intake air amount Qacn computed in the routine execution n-time
before, the target exhaust gas recirculation ratio Megr, and the delay process time constant equivalent Kkin are read.
In a step S142, a basic target exhaust gas recirculation amount Qec0 is calculated using the following equation:

 where, Qacn = intake air amount Qac computed by routine execution before a predetermined time.
[0070] In a step S143, the real exhaust gas recirculation amount Qec that takes the delay into consideration is calculated
using the following equation:
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 where, KE1# = constant, and
Qecn-1 = previous value of Qec.

[0071] Next, referring to Fig. 15, a routine for calculating the real exhaust gas recirculation ratio Megrd is explained.
In a step S151, the target exhaust gas recirculation ratio Megr and the delay process time constant equivalent Kin are
read. In a step S152, the real exhaust gas recirculation Megrd is calculated using the following equation:

where, Megrdn-1 = previous value of Megrd,
and KE2# = constant.
[0072] Next, referring to Fig. 16, a routine for calculating a real excess air ratio Rlamb is explained. In a step S161,
a target excess air ratio Tlamb and the delay process time constant equivalent Kkin are read. In a step S162, the real
excess air ratio Rlamb is calculated using the following equation:

where, Rlambn-1 = previous value of Rlamb,
and KR# = constant.
[0073] Next, referring to Fig. 17, a routine for calculating a basic fuel injection timing It_static is described. In a step
S171, the engine rotation speed Ne and the target fuel injection amount Qsol are read. In a step S172, the basic fuel
injection timing It_static is calculated by looking up a map having the characteristics shown in Fig. 18. The basic fuel
injection timing It_static is more advanced, the larger the target fuel injection amount Qsol.
[0074] Next, referring to Fig.19, a routine for computing a final fuel injection timing It_dyn is described. In a step S191,
the real excess air ratio Rlamb, the target excess air ratio Tlamb, and the basic fuel injection timing It_static are read.
In a step S192, an excess air ratio difference dlamb is calculated by subtracting the real excess air ratio Rlamb from
the target excess air ratio Tlamb. In a step S193, a variation rate gain Gindit is calculated by looking up a map having
the characteristics shown in Fig. 20. In a step S194, the final fuel injection timing It_dyn is calculated using the following
equation:

 where, It_dynn-1 = previous value of It_dyn.
[0075] According to this routine, when the absolute value of the excess air ratio difference dlamb is 0, the variation
rate gain Gindit is set to its maximum value of 1.0. The variation rate gain Gindit is set to be larger, the smaller the
absolute value of the excess air ratio difference dlamb.
[0076] The setting is such that the variation rate gain Gindit is larger, the smaller the absolute value of the excess air
ratio difference dlamb, making the final injection timing It_dyn approach the basic fuel injection timing It_static more
quickly.
[0077] Referring to Fig. 21, the routine for obtaining values that computed before a predetermined number of routine
executuion times for each of the target fuel injection amount Qsol, the intake air amount Qac, the real exhaust gas
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recirculation amount Qec, and the real excess air ratio Rlamb is described.
[0078] In a step S211, the target fuel injection amount Qsol, the intake air amount Qac, the real exhaust gas recirculation
amount Qec, and the real excess air ratio Rlamb are read. In a step S212, the values calculated when the routine was
performed L times previously are respectively set as Qsolo, Qaco, Qeco, and Olambd by performing buffer processing.
[0079] The advantage of the present teaching to obtain the real exhaust gas recirculation amount and the real excess
air ratio by delay process is now described. By performing the delay process, it is possible to calculate the real exhaust
gas recirculation amount Qec and the real excess air ratio Rlamb that are calculated by considering the delay. By
adjusting the fuel injection timing based on the difference between this real exhaust gas recirculation amount Qec and
the target excess air ratio Tlamb corrected for the delay, the fuel injection timing can be set close to a fuel injection
timing for a optimal combustion in the engine 1. Therefore, an engine noise and engine torque shock can be reduced.
[0080] In the above embodiment, the basic fuel injection timing It_static is corrected based on the difference between
the target excess air ratio Tlamb and the real excess air ratio Rlamb, although the basic fuel injection timing It_static
can be corrected based on the difference between the sum of the real intake air amount Qac and the real exhaust gas
recirculation amount Qec, and the sum of the target intake air amount and the target exhaust gas recirculation amount.
Moreover, the present teaching can also correct the basic fuel injection timing It_static based on the difference between
the target exhaust gas recirculation amount and the real exhaust gas recirculation amount. In these cases, the effect is
identical.
[0081] Next, a second embodiment will be described referring to Fig. 22.
[0082] In this embodiment, in order to calculate the final fuel injection timing It_dyn, the routine described below is
performed instead of the routine shown in Fig. 19.
[0083] In a step S221, the real excess air ratio Rlamb, the target excess air ratio Tlamb, the basic fuel injection timing
It_static, the engine rotation speed Ne, and the target fuel injection amount Qsol are read. In a step S222, the excess
air ratio difference dlamb is calculated. In a step S223, a basic variation rate gain Ginditb based on the excess air ratio
difference dlamb is calculated by looking up a map having the characteristics shown in Fig. 20.
[0084] In a step S224, a correction coefficient Gindith corresponding to the engine rotation speed Ne and the target
fuel injection amount Qsol is calculated by looking up a map having the characteristics shown in Fig.23. In a step S225,
to calculate the variation rate gain Gindit, the basic variation rate gain Ginditb is multiplied by the correction coefficient
Gindith.
[0085] In a step S226, the final fuel injection timing It_dyn is calculated using the following equation:
[0086]

where, It_dynn-1 = previous value of It_dyn.
[0087] Correcting the basic variation rate gain Ginditb based on the correction coefficient Gindith prevents an ex-
cessive adjust of the fuel injection timing when the load of the engine 1 varies sharply. That is, the fuel injection timing
can follow the change of the real excess air ratio Rlamb to realize an optimal control during transition.
[0088] Next, a third embodiment will be described referring to Fig.24.
[0089] In this embodiment, the routine described below is performed to calculate the real excess air ratio Rlamb
instead of the routine shown in Fig. 16.
[0090] Referring to Fig. 24, in a step S241, the target fuel injection amount Qsol, the real exhaust gas recirculation
Qec and the intake air amount Qac are read. In a step S242, the controller 13 samples an output signal Soafr from the
oxygen concentration sensor 25. The controller 13 converts the output signal Soafr into an exhaust gas recirculation
oxygen concentration rAFR by looking up a map having the characteristics shown in Fig.25. In a step S243, the real
excess air ratio Rlamb is calculated using the formula below:
[0091]
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where Blamb# = 14.7.
[0092] In this embodiment, the real excess air ratio Rlamb is calculated by calculating the total oxygen amount intro-
duced into the cylinders of the engine 1 from the oxygen amount of the intake air, and the measured oxygen concentration
of the recirculated exhaust gas. In this way, a more precise real excess air ratio Rlamb can be calculated.
[0093] Next, a fourth embodiment will be described referring to Fig. 26. In this embodiment, instead of the routine
shown in Fig. 16, the routine described below is performed to calculate the real excess air ratio Rlamb.
[0094] In this routine, the real excess air ratio Rlamb is calculated by performing a dynamic process shown below.
[0095] In this routine, the variables Qsolo, Qaco, Qeco, and Olambd represent the Lth previous values of the target
fuel injection amount Qsol, the intake air amount Qac, the real exhaust gas recirculation amount Qec, and the real
excess air ratio Rlamb, respectively. The variable L is experimentally determined.
[0096] In a step S261, the variables Qsolo, Qaco, Qeco, and Olambd are read. The target fuel injection amount
Qsol, the intake air amount Qac, the real exhaust gas recirculation amount Qec, and the real excess air ratio Rlamb
are also read. In a step S262, the oxygen concentration Olamb in the mixture of intake air and recirculated exhaust gas
introduced into the combustion chamber of the engine 1, is calculated using the following equation:
[0097]

[0098] In a step S263, the real excess air ratio Rlamb of the mixture of intake air and recirculated exhaust gas introduced
into the combustion chambers of the engine 1, is calculated using the following equation:
[0099]

[0100] Thus, by calculating the real excess air ratio Rlamb, it becomes unnecessary to attach the oxygen concentration
sensor 25 to the exhaust manifold 3, so manufacturing costs can be reduced.
[0101] Next, a fifth embodiment will be described referring to Fig.27 - Fig.30.
[0102] The NOx catalyst 18 with which the diesel engine is provided purifies the exhaust gas by trapping the NOx in
the exhaust gas. When a predetermined amount of NOx has been trapped, the NOx catalyst 18 reduces the NOx.
[0103] In order to perform this reduction, the controller 13 controls the intake air amount Qac, the exhaust gas recir-
culation amount Qec, and fuel injection amount Qsol to make the excess air ratio less than 1. If the excess air ratio is
less than 1, the diesel engine 1 generates hydrocarbons (HC) and discharges them as one component of the exhaust
gas. In the NOx catalyst 18, the generated HC reduces the trapped NOx to form nitrogen, water and carbon dioxide.
The NOx in the NOx catalyst is eliminated by this reduction reaction. The generated nitrogen, water and carbon dioxide
are discharged into the atmosphere air with the exhaust gas.
[0104] The control performed by the controller 13 whereby the excess air ratio is made to become 1 or less, will
hereafter be referred to as "rich spike".
[0105] To control the fuel injection timing at the time of this rich spike, the controller 13 performs the routine described
in Fig. 27. In a step S271, the engine rotation speed Ne, the target fuel injection amount Qsol, and a rich spike flag
frspk that indicates whether or not the rich spike operation is undergoing are read. The setting of this rich spike flag
frspk will be described later. In a step S272, the controller 13 determines that the conditions for performing a rich spike
are not satisfied and advances to S273 if the rich spike flag frspk = 0. If the rich spike flag frspk = 1, the controller 13
determines that the conditions for performing the rich spike are satisfied, and advances to S275.
[0106] In the step S273, a basic fuel injection timing It_static is calculated by looking up a map having the characteristics
shown in Fig. 18, and the routine advances to a step S274. In the step S274, the basic fuel injection timing It_static is
used as a basic fuel injection timing It_static without being processed. In the step S275, a rich spike fuel injection timing
It_static_r is calculated by looking up a map having the characteristics shown in Fig. 28. In a step S276, the rich spike
fuel injection timing It_static_r is set as the basic fuel injection timing It_static.
[0107] Next, referring to Fig.29, a routine for setting the rich spike flag will be described. In a step S901, the engine
rotation speed Ne, the target fuel injection amount Qsol, and the engine cooling water temperature Tw are read. In steps
S902-S904, it is determined whether or not the rich spike conditions are satisfied. That is, if the cooling water temperature
Tw is higher than a predetermined temperature Twrsk#, the engine rotation speed Ne is in a predetermined rotation
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speed region, and the target fuel injection amount Qsol is in a predetermined region, it is determined that the rich spike
can be performed and the routine advances to a step S905.
[0108] If any of the conditions of the steps S902-S904 is not satisfied, the routine resets a rich spike final flag frspk1
to zero in a step S911, resets the rich spike flag frspk to zero in a step S913, and terminates the routine. As an example
of applying this control, the decrease of exhaust gas temperature under a low load may be mentioned. In such a case,
as an active NOx reduction does not occur, it is not suitable for the rich spike. In this case, as the target fuel injection
amount Qsol is less than a predetermined region, the rich spike conditions are not satisfied and the rich spike is not started.
[0109] In a step S905, it is determined whether or not the rich spike final flag frspk1n-1 set in the previous iteration is
zero. If frspk1n-1 is 1, to prevent another rich spike immediately after terminating the rich spike in the previous routine,
the routine advances to a step S913 to reset the rich spike flag frspk to zero and to terminate the routine. If frspk1n-1
is zero, the routine advances to the step S906 and determines whether or not the frspkn-1 is 1.
[0110] In the step S906, if the rich spike flag frspkn-1 set in the previous iteration, the routine determines that the rich
spike has started in the previous iteration, and the routine subtracts 1 from previous value Ctrrhn-1 of a counter value
set in the previous iteration to set a new counter value Ctrrh in a step S908.
[0111] In a step S909, it is determined whether or not the counter value Ctrrh is zero. If the counter value Ctrrh is
zero, the routine determines that the time of the rich spike presently running has been elapsed, sets the rich spike final
flag frspk1 to 1 in a step S910, and terminates the rich spike. Next, the rich spike flag frspk is reset to zero in a step
S913, and the routine is terminated.
[0112] If determining that the counter value Ctrrh is not zero in the step S909, the routine advances to a step S912,
sets the rich spike flag frspk to 1, and terminates the routine. In this case, as it is determined that the rich spike presently
being performed has not finished, the rich spike is continued.
[0113] In the step S906, if it is determined that the precious rich spike flag frspkn-1 is not 1, it is determined that the
rich spike should be started. In the step S907, the routine sets the counter value Ctrrh to a predetermined number of
times TMRRSK#. Next, the rich spike flag frspk is set to 1 in the step S912, and the rich spike is started.
[0114] Referring to Fig. 30, a routine for computing the target excess air ratio Tlamb when the rich spike is performed
will now be described. In a step S301, the engine rotation speed Ne, the target fuel injection amount Qsol, the engine
cooling water temperature Tw, and the rich spike flag frspk are read.
[0115] In a step S302, the target excess air ratio Tlambb corresponding to the engine rotation speed Ne and the target
fuel injection amount Qsol is calculated by looking up a map having the characteristics shown in Fig. 7. In a step S303,
a correction ratio Klamb_tw is calculated by looking up a map having the characteristics shown in Fig. 8.
[0116] In a step S304, it is determined whether or not the rich spike flag frspk is 1. If the rich spike flag frspk is 1, the
routine determines that rich spike is presently performed, sets the target excess air ratio Tlamb to a predetermined value
TLAMRC# in a step S306, and terminates the routine. Usually, the predetermined value TLAMRC# is a value to make
the excess air ratio less than 1. If the rich spike flag frspk is not 1, the routine determines that the engine is running in
not rich spike condition, and calculates the target excess air ratio Tlamb by multiplying the basic target excess air ratio
Tlambb by the correction ratio Klamb_tw for the engine cooling water temperature Tw in a step S305.
[0117] Thus, when the rich spike is performed where the excess air ratio is low, the fuel injection timing for the rich
spike is set independently. Therefore, as the fuel injection timing during the rich spike can be set correctly, the noise
and torque shock can be reduced.
[0118] Finally, the change of the excess air ratio and fuel injection timing of the fuel injection controller according to
the present teaching will be described referring to Figs. 31A-31B.
[0119] If the engine load is increased rapidly during running as shown in Fig.31A, the target excess air ratio Tlamb
computed by the controller 13 will be decreased stepwise as shown by the full line of Fig.31A. However, as the excess
air ratio of the air actually aspirated by the cylinders is accompanied by the delay, the real excess air ratio Rlamb
gradually approaches the target excess air ratio Tlamb as indicated by the broken line of Fig.31A.
[0120] Due to the stepwise reduction of the target excess air ratio Tlamb, the basic fuel injection timing It_static tends
to advance the fuel injection timing in stepwise fashion, as shown by the continuous line of Fig.31B. However, since the
final fuel injection timing It_dyn is calculated by applying delay process to the basic fuel injection timing It_static, the
final fuel injection timing It_dyn smoothly responds to the step change as shown by the broken line of Fig.31B instead
of a stepwise response.

Claims

1. A fuel injection control device for a diesel engine (1), the diesel engine comprising a fuel injection mechanism (4)
that controls a timing of fuel injection, an exhaust gas recirculation mechanism (9, 10) that recirculates part of exhaust
gas into air introduced into a cylinder of the engine, and a turbocharger (5) that pressurizes fresh air introduced into
the cylinder of the engine, the device comprising:
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a sensor (21, 22, 23, 25) that detects a running condition of the engine; and a programmable controller (13)
programmed to:

set a basic fuel injection timing (It-static) based on the running condition of the engine;
calculate a final fuel injection timing (It_dyn) by correcting the basic fuel injection timing (It_static) according
to a delay of a real exhaust gas recirculation amount to a target exhaust gas recirculation amount; and
control the fuel injection mechanism based on the final injection timing (It-dyn);

characterized by
a sensor (25) that detects a concentration of oxygen in the exhaust gas, wherein the controller (13) is further
programmed to calculate a real excess air ratio (Rlamb) based on a detected concentration of oxygen by the
sensor (25), and correct the basic fuel injection timing (It_static) according to a difference between a target
excess air ratio (Tlamb) and the real excess air ratio (Rlamb) in the correction of the basic fuel injection timing
(It_static) according to the delay of the real exhaust gas recirculation amount to the target exhaust gas recircu-
lation amount.

2. A fuel injection control device according to claim 1, characterized in that the controller (13) is further programmed
to cause the final fuel injection timing (It_dyn) to respond more quickly to the basic fuel injection timing (It_static),
as the difference between the target excess air ratio (Tlamb) and the real excess air ratio (Rlamb) becomes small.

3. A fuel injection control device according to any one of claims 1 or 2, characterized in that the controller (13) is
further programmed to calculate the final fuel injection timing (It_dyn) by using a following equation: 

where, It_dyn = final fuel injection timing,
Gindit = variation rate gain,
It_static = basic fuel injection timing, and
It_dynn-1 = previous value of It_dyn.

4. A fuel injection control device according to any one of claims 1 to 3, characterized in that the device further
comprises a catalysis to reduce nitrogen oxides, and the controller (13) comprises a map of the basic fuel injection
timing (It_static) for the reduction of nitrogen oxides, and is programmed to calculate the basic fuel injection timing
referring to the map during the reduction.

5. A method for controlling fuel injection for a diesel engine (1), the diesel engine comprising a fuel injection mechanism
(4) that controls a timing of fuel injection, an exhaust gas recirculation mechanism (9, 10) that recirculates part of
exhaust gas into air introduced into a cylinder of the engine, and a turbocharger (5) that pressurizes fresh air
introduced into the cylinder of the engine, the method comprises:

setting a basic fuel injection timing (It_static) based on the running condition of the engine;
calculating a final fuel injection timing (It_dyn) by correcting the basic fuel injection timing (It_static) according
to a delay of a real exhaust gas recirculation amount to a target exhaust gas recirculation amount; and
controlling the fuel injection mechanism based on the final injection timing (It-dyn); characterized by
detecting a concentration of oxygen in the exhaust gas using a sensor (25),
calculating a real excess air ratio (Rlamb) based on a detected concentration of oxygen by the sensor (25), and
correcting the basic fuel injection timing (It_static) according to a difference between a target excess air ratio
(Tlamb) and the real excess air ratio (Rlamb) in the correction of the basic fuel injection timing (It_static) according
to the delay of the real exhaust gas recirculation amount to the target exhaust gas recirculation amount.

Patentansprüche

1. Kraftstoffeinspritzungs- Steuerungsvorrichtung für einen Diesel- Brennkraftmaschine (1), wobei die Brennkraftma-
schine aufweist eine Kraftstoffeinspritzungsvorrichtung (4), die einen Zeitpunkt der Kraftstoffeinspritzung steuert,
eine Abgasrückführungsvorrichtung (9, 10), die einen Teil des Abgases in Luft, eingeleitet in einen Zylinder der



EP 1 262 651 B1

11

5

10

15

20

25

30

35

40

45

50

55

Brennkraftmaschine, rückführt und einen Turbolader (5), der Frischluft, eingeleitet in den Zylinder der Brennkraft-
maschine, unter Druck setzt, wobei die Vorrichtung aufweist:

einen Sensor (21, 22, 23, 25), der einen Fahrzustand der Brennkraftmaschine erfasst; und eine programmierbare
Steuerung (13), programmiert zum:

Festlegen eines Basis- Kraftstoffeinspritzungszeitpunktes (It_static) auf der Grundlage des Fahrzustandes
der Brennkraftmaschine;
Berechnen eines endgültigen Kraftstoffeinspritzungszeitpunktes (It_dyn) durch Korrigieren des Basis- Kraft-
stoffeinspritzungszeitpunktes (It_static) entsprechend einer Verzögerung einer tatsächlichen Abgas- Rück-
führungsmenge zu einer Ziel-Abgas- Rückführungsmenge; und
Steuern der Kraftstoffeinspritzungsvorrichtung auf der Grundlage des endgültigen Kraftstoffeinspritzungs-
zeitpunktes (It_dyn);

gekennzeichnet durch
einen Sensor (25), der eine Sauerstoffkonzentration in dem Abgas erfasst, wobei die Steuerung (13) außerdem
programmiert ist, ein tatsächliches Überschussluftverhältnis (Rlamb) auf der Grundlage der durch den Sensor
(25) erfassten Sauerstoffkonzentration zu berechnen und den Basis- Kraftstoffeinspritzungszeitpunkt (It_static)
entsprechend einer Differenz zwischen einem Ziel- Überschussluftverhältnis (Tlamb) und dem tatsächlichen
Überschussluftverhältnis (Rlamb) bei der Korrektur des Basis- Kraftstoffeinspritzungszeitpunktes (It_static) ent-
sprechend der Verzögerung der tatsächlichen Abgas- Rückführungsmenge zu der Ziel- Abgas- Rückführungs-
menge zu korrigieren.

2. Kraftstoffeinspritzungs- Steuerungsvorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Steuerung
(13) außerdem programmiert ist, den endgültigen Kraftstoffeinspritzungszeitpunkt (It_dyn) zu veranlassen, schneller
auf den Basis- Kraftstoffeinspritzungszeitpunkt (It_static) zu reagieren, wenn die Differenz zwischen dem Ziel- Über-
schussluftverhältnis (Tlamb) und dem tatsächlichen Überschussluftverhältnis (Rlamb) klein wird.

3. Kraftstoffeinspritzungs- Steuerungsvorrichtung nach einem der Ansprüche 1 oder 2, dadurch gekennzeichnet,
dass die Steuerung (13) außerdem programmiert ist, den endgültigen Kraftstoffeinspritzungszeitpunkt (It_dyn) unter
Verwendung der folgenden Gleichung zu berechnen: 

wo It_dyn = endgültiger Kraftstoffeinspritzungszeitpunkt,
Gindit = Veränderungsgeschwindigkeitsverstärkung
It_static = Basis- Kraftstoffeinspritzungszeitpunkt und
It_dynn-1 = vorheriger Wert von It_dyn.

4. Kraftstoffeinspritzungs- Steuerungsvorrichtung nach einem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass
die Vorrichtung außerdem einen Katalysator aufweist, um Stickoxide zu reduzieren, und die Steuerung (13) einen
Plan des Basis- Kraftstoffeinspritzungszeitpunktes (It_static) zum Reduzieren der Stickoxide aufweist und program-
miert ist, den Basis- Kraftstoffeinspritzungszeitpunkt in Bezug auf den Plan während der Reduzierung zu berechnen.

5. Verfahren zum Steuern der Kraftstoffeinspritzung für eine Diesel- Brennkraftmaschine (1), wobei die Diesel- Brenn-
kraftmaschine aufweist eine Kraftstoffeinspritzungsvorrichtung (4), die einen Kraftstoffeinspritzzeitpunkt steuert,
eine Abgasrückführungsvorrichtung (9, 10), die einen Teil des Abgases in Luft, eingeleitet in einen Zylinder der
Brennkraftmaschine, rückführt und einen Turbolader (5), der Frischluft, eingeleitet in den Zylinder der Brennkraft-
maschine, unter Druck setzt, wobei das Verfahren aufweist:

Festlegen eines Basis- Kraftstoffeinspritzungszeitpunktes (It_static) auf der Grundlage des Fahrzustandes der
Brennkraftmaschine;
Berechnen eines endgültigen Kraftstoffeinspritzungszeitpunktes (It_dyn) durch Korrigieren des Basis- Kraft-
stoffeinspritzungszeitpunktes (It_static) entsprechend
einer Verzögerung einer tatsächlichen Abgas- Rückführungsmenge zu einer Ziel-Abgas- Rückführungsmenge;
und
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Steuern der Kraftstoffeinspritzungsvorrichtung auf der Grundlage des endgültigen Kraftstoffeinspritzungszeit-
punktes (It-dyn); gekennzeichnet durch Erfassen einer Sauerstoffkonzentration in dem Abgas unter Verwen-
den eines Sensors (25), Berechnen eines tatsächlichen Überschussluftverhältnisses (Rlamb) auf der Grundlage
einer durch den Sensor (25) erfassten Sauerstoffkonzentration und
Korrigieren des Basis- Kraftstoffeinspritzungszeitpunktes (It_static) entsprechend einer Differenz zwischen ei-
nem Ziel- Überschussluftverhältnis (Tlamb) und dem tatsächlichen Überschussluftverhältnis (Rlamb) bei der
Korrektur des Basis-Kraftstoffeinspritzungszeitpunktes (It_static) entsprechend der Verzögerung der tatsächli-
chen Abgas- Rückführungsmenge zu der Ziel- Abgas- Rückführungsmenge.

Revendications

1. Dispositif de commande d’injection de carburant pour un moteur diesel (1), le moteur diesel comprenant un méca-
nisme d’injection de carburant (4) qui commande le cadencement de l’injection de carburant,
un mécanisme de remise en circulation des gaz d’échappement (9, 10) qui remet en circulation une partie des gaz
d’échappement dans l’air introduit dans un cylindre du moteur, et un turbocompresseur (5) qui pressurise l’air frais
introduit dans le cylindre du moteur, le dispositif comprenant :

un détecteur (21, 22, 23, 25) qui détecte l’état de fonctionnement du moteur ; et un contrôleur programmable
(13) programmé pour :

régler le temps d’injection de base du carburant (It_static) en se basant sur l’état de fonctionnement du
moteur ;
calculer le temps d’injection final du carburant (It_dyn) en corrigeant le temps d’injection de base du carburant
(It_static) en fonction du retard entre la valeur réelle de remise en circulation des gaz d’échappement et à
la valeur cible de remise en circulation des gaz d’échappement ; et
commander le mécanisme d’injection de carburant en se basant sur le temps d’injection final (It_dyn) ;

caractérisé par
un détecteur (25) qui détecte la concentration en oxygène dans les gaz d’échappement, dans lequel le contrôleur
(13) est programmable en outre pour calculer le taux réel d’air en excès (RIamb) en se basant sur la concentration
en oxygène détectée par le détecteur (25), et pour corriger le temps d’injection de base du carburant (It_static)
en fonction de la différence entre le taux cible d’air en excès (TIamb) et le taux réel d’air en excès (RIamb) lors
de la correction du temps d’injection de base du carburant (It_static), en fonction du retard entre la quantité
réelle de remise en circulation des gaz d’échappement et la quantité cible de remise en circulation des gaz
d’échappement.

2. Dispositif de commande d’injection de carburant selon la revendication 1, caractérisé en ce que le contrôleur (13)
est programmé en outre pour faire en sorte que le temps d’injection final du carburant (It_dyn) réponde plus rapi-
dement au temps d’injection de base du carburant (It_static), à mesure que la différence entre le taux cible d’air en
excès (TIamb) et le taux réel d’air en excès (RIamb) diminue.

3. Dispositif de commande d’injection de carburant selon l’une quelconque des revendications 1 ou 2,
caractérisé en ce que le contrôleur (13) est programmé en outre pour calculer le temps d’injection final du carburant
(It_dyn) en utilisant l’équation suivante : 

où, It_dyn = temps d’injection final du carburant,
Gindit = gain de vitesse de variation,
It_static = temps d’injection de base du carburant, et
It_dynn-1 = valeur précédente de It_dyn.

4. Dispositif de commande d’injection de carburant selon l’une quelconque des revendications 1 à 3,
caractérisé en ce que le dispositif comprend en outre un catalyseur pour réduire les oxydes d’azote et le contrôleur
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(13) comprend une carte du temps d’injection de base du carburant (It_static) pour réduire les oxydes d’azote et
est programmé pour calculer le temps d’injection de base du carburant en se référant à la carte pendant la réduction.

5. Procédé de commande d’injection de carburant pour un moteur diesel (1), le moteur diesel comprenant un mécanisme
d’injection de carburant (4) qui commande le cadencement de l’injection de carburant, et un mécanisme de remise
en circulation des gaz d’échappement (9, 10) qui remet en circulation une partie des gaz d’échappement dans l’air
introduit dans un cylindre du moteur, et un turbocompresseur (5) qui pressurise l’air frais introduit dans le cylindre
du moteur, le procédé comprenant :

le réglage du temps d’injection de base du carburant (It_static) en se basant sur l’état de fonctionnement du
moteur ;
le calcul du temps d’injection final du carburant (It_dyn) en corrigeant le temps d’injection de base du carburant
(It_static) en fonction du retard entre la valeur réelle de remise en circulation des gaz d’échappement et la
valeur cible de remise en circulation des gaz d’échappement ; et
la commande du mécanisme d’injection de carburant en se basant sur le temps d’injection final (It_dyn) ;
caractérisé par
la détection de la concentration en oxygène dans les gaz d’échappement au moyen d’un détecteur (25),
le calcul du taux réel d’air en excès (RIamb) en se basant sur la concentration en oxygène détectée par le
détecteur (25), et
la correction du temps d’injection de base du carburant (It_static) en fonction de la différence entre le taux cible
d’air en excès (TIamb) et le taux réel d’air en excès (RIamb) lors de la correction du temps d’injection de base
du carburant (It_static), en fonction du retard entre la quantité réelle de remise en circulation des gaz d’échap-
pement et la quantité cible de remise en circulation des gaz d’échappement.
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