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57 ABSTRACT 

In a direct injection type gasoline engine for directly inject 
ing fuel into each cylinder, fuel pressures Supplied to each 
fuel injection Valve are detected, and the fuel injection pulse 
width is detected according to the detected fuel preSSures. 
Here, the fuel injection pulse width is corrected based on a 
value obtained by smoothing the detected values of the fuel 
preSSures and at the same time, a Smoothing level is changed 
according to the transitional or Steady State of the engine, 
thereby achieving the response characteristic of correction at 
the transitional State and the Stable correction at the Steady 
State. 

14 Claims, 6 Drawing Sheets 
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METHOD OF AND APPARATUS FOR 
CONTROLLING FUEL INJECTION OF 
INTERNAL COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of and an 
apparatus for controlling fuel injection of an internal com 
bustion engine, a technique of correcting the width of a fuel 
injection pulse based on detected values of fuel preSSures. 

2. Description of the Related Art 
A direct injection (cylinder injection) type gasoline engine 

is disclosed in, for example, Japanese Unexamined Patent 
Publication No. 60-30420. This type of engine employs fuel 
injection valves to directly inject fuel into respective cylin 
derS. Under a low load of the engine, each valve injects fuel 
in a later Stage of a compression Stroke, to form a dense 
air-fuel mixture around an ignition plug with Suppressing 
dispersion of fuel. While, under a high load of the engine, 
each valve injects fuel in a first Stage of an intake Stroke, to 
actively disperse fuel. 
With the direct injection type gasoline engine, Since 

highly pressurized fuel is Supplied to the fuel injection 
Valves, a large quantity of fuel per unit time is injected. This 
may easily,drop the pressure of fuel due to the injection and 
fluctuate the fuel injection quantity. 

Conventionally, in order to prevent Such fluctuation of the 
fuel injection quantity due to the drop of fuel preSSure, the 
width of a fuel injection pulse is corrected in response to fuel 
preSSures detected by a fuel pressure Sensor. In correcting 
the pulse width, in order to avoid that the pulse width shall 
be corrected under an influence of a high-frequency fluc 
tuation in the fuel pressures, a weighted averaging 
technique, for example, is employed to Smooth the fuel 
preSSures. 

However, the Smoothing uses a constant Smoothing level 
or a constant cutoff frequency without regard to an engine 
operating State. When the engine operating State is 
transitional, the Smoothing is unable to follow a fluctuation 
in fuel pressures, and therefore, is unable to properly correct 
the pulse width in response to an actual fuel preSSure. If the 
follow-up capability of the Smoothing in the transitional 
State is maintained, however, the injection pulse width can 
not be stably corrected in a steady State because of a 
high-frequency fluctuation in fuel preSSures in the Steady 
operating State. 

SUMMARY OF THE INVENTION 

In view of the above problems, an object of the present 
invention is to, in an apparatus for controlling fuel injection 
which corrects the injection pulse width based on a detection 
result of fuel pressure, properly Smooth detected fuel pres 
Sure Values according to an engine operating State, and 
improve the accuracy of measurement of fuel injection 
quantity. 

Another object of the present invention is to correct the 
fuel injection pulse width in response to a change in fuel 
preSSures during a transitional engine operating State and 
stabilize the fuel injection pulse width correction by remov 
ing the influence of a high-frequency fluctuation in fuel 
preSSures during a steady engine operating State. 

Still another object of the present invention is to properly 
Smooth detected fuel pressure values depending on an 
engine rotational Speed. 

In order to accomplish the objects, with the present 
invention which provides a method of and an apparatus for 

2 
controlling fuel injection of an internal combustion engine, 
detected fuel preSSure values are Smoothed according to a 
Smoothing level which is changed according to engine 
operating States and the fuel injection pulse width is cor 

5 rected based on the Smoothed fuel pressures. 
With Such a construction, the Smoothing level is not 

constant when the detected fuel pressure values are 
Smoothed and changed according to engine operating States, 
thereby the Smoothing of detected fuel pressures is carried 
out with an optimal Smoothing level for each operating State. 
The Smoothing of detected fuel preSSure values is carried 

out by, for example, weighted averaging. 
Here, the engine operating State, transitional or Steady, is 

judged, and in accordance with the judgment result, the 
Smoothing level may be changed over. 
With Such a construction, in the transitional State, the 

Smoothing is carried out with the Smoothing level capable of 
following a change in fuel pressures, and in the Steady State, 
the stable correction can be carried out by sufficiently 
Smoothing a change in fuel pressures. 

Moreover, whether the engine operating State is transi 
tional or Steady is judged according to a change amount in 
the fuel injection pulse width. 
With Such a construction, if the change amount of the 

pulse width (for example, the absolute value of the change 
amount per unit time) is Smaller than a predetermined value, 
it is judged that the engine operating State is steady, and if 
it is larger than the predetermined value, it is judged that the 
engine operating State is transitional. 
The engine operating State may be judged according to a 

change in a Signal that causes a change in the fuel injection 
pulse width. 

This signal may be a throttle opening Signal, a target 
air-fuel ratio Signal, an accelerator opening Signal, a torque 
request Signal, or the like. The injection pulse width changes 
in response to changes in these signals. 

Further, at least in one of the transitional and Steady States 
of the engine, the Smoothing level may be changed over 
according to an engine rotational Speed. 

Namely, the Smoothing level may be changed over not 
only according to the engine operating State, transition or 
Steady, but also according to the engine rotational Speed. 

If the Smoothing level is changed over according to the 
engine rotational Speed, as mentioned above, the higher the 
engine rotational Speed becomes, the higher the cutoff 
frequency becomes. 
With Such a construction, the Smoothing level is Set So that 

the cutoff frequency becomes higher at the high rotation side 
where the fuel injection period becomes Shorter. 
A Smoothing level Set for the transitional State may be 

maintained for a predetermined period after the transitional 
State shifts to the Steady State. 
With Such a construction, the Smoothing level is not 

changed to a level according to the Steady State immediately 
after it is judged that the transitional State has shifted to the 
Steady State. The Smoothing is carried out based on the 
Smoothing level for the transitional State for the predeter 
mined period until the Steady State is Stabilized. 

Preferably, each of the fuel injection valves is so con 
Structed to directly inject fuel into a cylinder. A low-pressure 
fuel pump Supplies fuel from a fuel tank to a high-pressure 
fuel pump, and the high-pressure fuel pump Supplies the fuel 
to the fuel injection valves. The pressure of the fuel Supplied 
by the high-pressure fuel pump to the fuel injection valves 
is detected. 

15 

25 

35 

40 

45 

50 

55 

60 

IPR2023-01233
Petitioner - Exhibit 1005 - Page 8



5,806,497 
3 

With Such a construction, in a direct injection type gaso 
line engine Susceptible to a pressure drop in fuel due to 
injection because of a large quantity of fuel injection a 
fluctuation in the fuel injection quantity due to the drop of 
fuel pressures can be corrected to a high accuracy. 

Other objects and features of the present invention will be 
apparent from the description of preferred embodiments 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a basic arrangement of an apparatus for 
controlling fuel injection of an internal combustion engine 
according to the present invention; 

FIG. 2 shows a Schematic diagram of fueling System 
according to an embodiment of the present invention; 

FIG. 3 is a flowchart showing a routine of setting a fuel 
preSSure correction coefficient according to an embodiment 
of the present invention; 

FIG. 4 shows a graph of weighted averages for transi 
tional and Steady States, 

FIG. 5 is a flowchart showing a routine of setting a fuel 
preSSure correction coefficient according to another embodi 
ment of the present invention; and 

FIG. 6 is a graph showing a response characteristic when 
weighted average value of fuel pressures is obtained with the 
Same weight for transitional and Steady States according to 
a prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will be described 
hereinbelow with reference to the accompanying drawings. 

FIG. 1 shows a basic arrangement of an apparatus for 
controlling fuel injection of an internal combustion engine 
according to the present invention. A fuel pressure detecting 
means A detects the pressure of fuel (gasoline) Supplied to 
a fuel injection valve B. A Smoothing means C Smooths the 
fuel pressures detected by the fuel preSSure detecting means 
A according to, for example, weighted averaging technique. 
A pulse width correcting means D corrects the fuel injection 
pulse width calculated based on engine operating conditions 
Such as an engine intake air flow quantity and an engine 
rotational Speed, according to the Smoothed fuel preSSures. 
The corrected pulse width is applied to the fuel injection 
Valve B, thereby fuel injection is carried out. A Smoothing 
level changing means E changes a Smoothing level to be 
used by the Smoothing means C according to whether the 
engine operating State is transitional or Steady. 

FIG. 2 shows a fueling System of the apparatus for 
controlling fuel injection having the above basic arrange 
ment. Respective fuel injection valves 1 are provided So as 
to face each cylinder of the engine, to directly inject fuel into 
the cylinder. Namely, the internal combustion engine of the 
present invention is a direct injection type gasoline engine. 

The present embodiments will be described with refer 
ence to a direct injection (cylinder injection) type gasoline 
engine. However, the present invention is applicable not 
only to the direct injection type engines but also to intake 
port injection type gasoline engines. 

The fuel injection valve 1 is of a solenoid type fuel 
injection valve, which opens when a Solenoid thereof is 
Supplied with an electric current and closes when the Supply 
of electric current is interrupted. A control unit 20 deter 
mines the fuel injection pulse width according to engine 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
operating States and applies the pulse to the fuel injection 
Valve 1. During a previously Set timing in, for example, a 
compression Stroke, the fuel injection valve 1 opens for an 
interval corresponding to the pulse width So as to intermit 
tently injection Supply to the engine cylinder fuel which is 
fed under pressure via a high-pressure fuel pipe 4 from a 
high-pressure fuel pump 2 driven by the engine and adjusted 
to a predetermined high pressure by a high-pressure Side 
preSSure regulator 3. 

Although only one fuel injection valve 1 is shown in FIG. 
2, a plurality of fuel injection valves 1 facing each cylinder 
are connected to the high-pressure fuel pipe 4, respectively. 
The high-pressure fuel pipe 4 is communicated with the 

high-pressure Side pressure regulator 3 for adjusting the fuel 
preSSure in the high-pressure fuel pipe 4 to a predetermined 
value and with a safety valve 5 for limiting the fuel pressure 
in the pipe 4 So as to become a high pressure. ExceSS fuel 
resulted from this adjustment is returned to a fuel tank 10 
through a fuel return pipe 7 having a low-pressure Side 
preSSure regulator 9. 
The high-pressure fuel pump 2 is Supplied with the fuel 

Sucked from the fuel tank 10 by an electrical feed pump 11 
and controlled to a predetermined feed preSSure through a 
low-pressure fuel Supply pipe 6 having a check valve and a 
fuel filter (not shown). The adjustment of the feed pressure 
is carried out by the low-pressure Side pressure regulator 9 
communicated with the low-pressure fuel Supply pipe 6 via 
a bypass pipes. 
The high-pressure fuel pipe 4 has a fuel preSSure Sensor 12 

Serving as fuel pressure detecting means, for detecting a fuel 
preSSure P in the high-pressure fuel pipe 4. A detection signal 
from the fuel pressure Sensor 12 is input to the control unit 
2O. 

The control unit 20 which electronically controls the 
Supply of fuel to the engine by providing the fuel injection 
Valve 1 with a fuel injection pulse signal, consists of a 
microcomputer having a CPU, a ROM, a RAM, A/D 
converters, I/O interfaces and the like. The control unit 20 
receives Signals from various Sensors, carries out an opera 
tion based on these signals, and determines the width of the 
fuel injection pulse to be output to the fuel injection valve 1. 
The various sensors connected to the control unit 20 

include an airflow meter 21 for detecting an engine intake air 
flow quantity Q, a crank angle Sensor 22 for providing a 
reference angle signal REF at each reference angle position 
and a unit angle signal POS at each one or two degrees, and 
a water temperature Sensor 23 for detecting the temperature 
of cooling water of the engine, in addition to the fuel 
preSSure Sensor 12 mentioned above. 

Based on the detection signals from the crank angle 
Sensor 22, the control unit 20 calculates an engine rotational 
speed Ne. 
The CPU of the microcomputer installed in the control 

unit 20 carries out an operation according to a program 
stored in the ROM and calculates a fuel injection pulse width 
Ti. At a predetermined injection timing, the control unit 20 
Supplies an injection pulse Signal of the injection pulse width 
Ti to the fuel injection valve 1. 
More specifically, the width Ti is calculated as follows: 

T=TexKPTS 

Te=TpxCO 

where Te is an effective pulse width, KP is a fuel pressure 
correction coefficient, TS is a Voltage correction portion, Tp 
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is a basic pulse width, and CO represents various correction 
coefficients. The basic pulse width Tp is a value determined 
based on the intake air flow quantity Q and engine rotational 
Speed Ne and the fuel quantity necessary for forming an 
air-fuel mixture of a target air-fuel ratio corresponding to the 
cylinder intake air quantity at the time is calculated as an 
injection valve open time under a predetermined high fuel 
preSSure adjusted by the high-pressure regulator 3. 

The Voltage correction portion TS is to deal with an 
increase in an invalid fuel injection quantity due to a drop in 
a battery Voltage. 

For example, the various correction coefficients CO are 
calculated as: 

where KMR is an air-fuel ratio correction coefficient, KTW 
is an incremental correction coefficient depending on the 
water temperature, KAS is an incremental correction coeffi 
cient at the Start and after the Start, KACC is an incremental 
correction coefficient during acceleration, and KDC is a 
decremental correction coefficient during deceleration. 

In addition the effective pulse width Te may be calculated 
in consideration of an air-fuel ratio feedback correction 
coefficient C. and an air-fuel ratio learning correction coef 
ficient KLRN and the like. 

The fuel pressure correction coefficient KP is the one for 
correcting the effective pulse width Te when an actual fuel 
preSSure fluctuates up and down from the pressure adjusted 
by the high-pressure side pressure regulator 3. Namely, the 
effective pulse width Te is a value calculated, provided that 
the fuel pressure is adjusted by an adjustment function of the 
high-pressure side preSSure regulator 3. Accordingly, if the 
actual fuel pressure fluctuates up and down, it is unable to 
inject a fuel quantity proportional to the effective injection 
pulse width Te, causing exceSS or lack in the actual injection 
quantity. 

Therefore, the fuel pressure correction coefficient KP is 
used to correct the pulse width based on the detected fuel 
preSSure values So that a desired fuel quantity is injected 
even if the fluctuation in fuel pressure occurs. The fuel 
preSSure correction coefficient KP is determined according 
to the flowchart of FIG. 3. 

Functions of the Smoothing means C, pulse width cor 
recting means D, Smoothing level changing means E, and 
transitional/steady State judging means, are possessed by the 
control unit 20 in a Software manner as shown in the 
flowchart of FIG. 3 

In step 1 of FIG. 3, detection signals from the fuel 
preSSure Sensor 12 are converted from analog to digital and 
are read. 
The Sampling periods of the detection signals from the 

fuel pressure may be constant or random periods may be Set 
So that the Sampling periods may not agree with the period 
of fluctuation in the detection Signal. 

In Step 2, the engine rotational Speed Ne is read and in Step 
3, the effective pulse width Te is read. 

In Step 4, a change amount ATe of the effective injection 
pulse width Te is calculated as the difference between the 
previous value and the present value (ATe=Te-Teold). 

In Step 5, it is judged if the absolute value of the change 
amount ATe is greater than a threshold value KATO. 

If the absolute value of the change amount ATe is greater 
than the threshold value KATO, it is judged that the engine 
1 is in the transitional State, and if not greater, it is judged 
that the engine 1 is in the Steady State. 

If the engine 1 is judged to be in the Steady operating State, 
the program proceeds to Step 6 wherein it is judged if a 
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6 
predetermined time has passed after the transitional State has 
shifted to the steady state. 

If the predetermined time has already passed, the program 
proceeds to Step 7. 

In Step 7, a previously Set weight value for the Steady 
operating State is Selected as a weight to be used for a 
weighted averaging operation (Smoothing) of the fuel pres 
Sures detected in Step 1. The weight may be a fixed value or 
may be set according to the engine rotational Speed Ne. With 
the present invention, the weight indicates a weighting level 
for the past data. The larger the weight, the larger the 
Smoothing level. 
When the weight is changed according to the engine 

rotational Speed Ne, it is reduced as the Speed Ne increases, 
and the fuel injection interval becomes shorter, So that the 
weight may participate in the pulse width correction control 
to a higher frequency component. 

Instead of the weighted averaging, it is possible to employ 
a construction for variably Setting the cutoff frequency in a 
digital or analog low-pass filter. In FIG. 4, the weight in the 
weighted averaging operation is indicated as cutoff frequen 
cies. In FIG. 4, any component in a region equal to or below 
the cutoff frequencies is passed. When the cutoff frequency 
is changed according to the engine rotational Speed Ne, the 
higher the engine rotational Speed Ne, the higher the cutoff 
frequency is set (the lower the Smoothing level is Set). 

If in Step 5, it is judged that the engine operating State is 
transitional, and in Step 6, it is judged that the predetermined 
time has not passed yet, programs proceeds to Step 8 wherein 
a previously Set weight value for the transitional operating 
State is Selected as a weight to be used for the weighted 
averaging operation (Smoothing) on the fuel pressure 
Sampled in Step 1. 

Namely, the weight for the transitional State is set not only 
for the transitional operating State but also for a State just 
after the transitional State shifts to the Steady State even in a 
State wherein the fuel pressure has not yet been Stabilized 
immediately after the shift from the transitional to the 
Steady, to thereby follow a change in fuel pressures. 
As shown in FIG. 4 as the cutoff frequency, the weight for 

the transitional operating State is Smaller than that for the 
Steady operating State and is set to be a higher value as the 
cutoff frequency. As a result of the weighted averaging, it is 
possible to obtain a value following a change in fuel 
preSSures in the transitional operating State. Consequently, it 
can avoid that, in Such a case that the Same weight is used 
for Smoothing both for the transitional and Steady States, a 
response delay will occur in the transitional State as shown 
in FIG. 6. Moreover, in the steady state, more stable cor 
rection control can be carried out with a Sufficient Smooth 
ing. 

Here, the weight (the cutoff frequency) may be fixed for 
the steady operating State. The weight (the cutoff frequency) 
for the transitional operating State, however, is preferable to 
be changed according to the engine rotational Speed Ne. 
Namely, even in the transitional State, a change in fuel 
preSSure is increased at a high rotation side where the fuel 
injection interval is short, therefore, to Smooth the change in 
the fuel pressure for each injection to detect the change in 
the averaged fuel preSSures, it is preferable to make the 
weight Smaller, or to make the cutoff frequency higher 
according to the increase in the engine rotational Speed. 

After the weight (cutoff frequency) has been set in step 7 
or 8, in step 9, the detected values of the fuel pressures are 
weighted averaged according to the Set weight. 

In step 10, the fuel pressure correction coefficient KP is 
set based on the weighted average value P of the fuel 
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pressures as, for example, KP=k/P'. Here, k is a fixed value 
previously set so that the correction coefficient KP becomes 
1.0 when the fuel pressure is equal to the pressure adjusted 
by the high-pressure side pressure regulator 3. With the 
correction by the correction coefficient KP, it is possible to 
inject a desired fuel quantity even if the fuel pressure 
fluctuates. 

The correction of the fuel injection pulse width based on 
the weighted average value of detected fuel pressures is not 
limited to that with the correction coefficient KP=k/P' and 
this may be the correction for corresponding to a change in 
a valve operation delay due to a change in fuel pressures, or 
the correction for corresponding to a change in atomized 
fuel patterns. 

In the flowchart of FIG.3, it is judged whether the engine 
operating State is transitional or Steady based on a change in 
the fuel injection pulse width. By judging if the engine 
operating State is transitional or Steady based on a signal that 
causes a change in the fuel injection pulse width, the weight 
can be changed without delay. 

FIG. 5 shows a flowchart, for setting and controlling the 
fuel pressure correction coefficient KP when it is judged if 
the engine operating State is transitional or Steady based on 
a signal that causes a change in the fuel injection pulse width 
Proceedings of respective Steps are the same as those of the 
flowchart of FIG. 3 except for steps 3A through 5A. 
Accordingly, only the judgment of the engine operating State 
shown in steps S3A to S5A will be explained. 

In Step 3A, a Signal S that causes a change in the fuel 
injection pulse width is read. 

The Signal S may be a throttle opening Signal, a target 
air-fuel ratio Signal, an accelerator opening Signal, or a 
torque request signal. The torque request Signal may be a 
torque down request Signal at shifting up in an automatic 
transmission, or a torque down request signal used for 
traction control. 

In Step 4A, a change amount AS in the Signal S is 
calculated and in Step 5A, the absolute value of the change 
with a threshold value KATO are compared. If the change 
amount AS is greater than the threshold value KATO, it is 
judged that the engine operating State is transitional. 

More specifically, for example, if a change in a throttle 
opening is greater than a threshold value, it is judged that the 
engine operating State is transitional, and if the same is equal 
to or below the threshold value and is substantially constant, 
the engine operating State is judged to be steady. 
A change in the fuel injection pulse width occurs always 

after a change in the Signal S, and therefore, a change in fuel 
preSSures due to the transitional State is detectable before 
hand to Select a weight for the transitional/steady State in a 
good response characteristic. 
What is claimed is: 
1. An apparatus for controlling fuel injection of an internal 

combustion engine which calculates the fuel injection pulse 
width according to an engine operating State and intermit 
tently opens each fuel injection valve based on the fuel 
injection pulse, comprising: 

fuel preSSure detecting means for detecting fuel pressures 
Supplied to the fuel injection valve; 

Smoothing means for Smoothing the fuel pressures 
detected by Said fuel pressure detecting means, 

pulse width correcting means for correcting the fuel 
injection pulse width based on the detected values of 
the fuel pressure Smoothed by Said Smoothing means, 

transition/steady judging means for judging whether the 
engine operating State is transitional or Steady; and 

Smoothing level changing means for changing a Smooth 
ing level according to whether the engine operating 
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8 
State judged by Said transition/steady judging means is 
transitional or Steady. 

2. The apparatus of claim 1, wherein Said transition/steady 
judgment means judges whether the engine operating State is 
transitional or Steady based on a change in the fuel injection 
pulse width. 

3. The apparatus of claim 1, wherein Said transition/steady 
judgment means judges whether the engine operating State is 
transitional or Steady based on a change in a Signal that 
causes a change in the fuel injection pulse width. 

4. The apparatus of claim 1, wherein Said Smoothing level 
changing means changes the Smoothing level according to 
an engine rotational Speed in at least one of the transitional 
and steady States. 

5. The apparatus of claim 4, wherein Said Smoothing level 
changing means changes the Smoothing level So that a cutoff 
frequency may rise as the engine rotational Speed rises. 

6. The apparatus of claim 1, wherein Said Smoothing level 
changing means maintains a Smoothing level for the transi 
tional State for a predetermined period after the transitional 
State shifts to the Steady State. 

7. The apparatus of claim 1, wherein the fuel injection 
Valve directly injects fuel into a cylinder, and wherein a 
low-pressure fuel pump Supplies fuel from a fuel tank to a 
high-pressure fuel pump, Said high-pressure fuel pump 
Supplies the fuel to the fuel injection valve, and Said fuel 
preSSure detecting means detects fuel preSSures Supplied to 
the fuel injection Valve by the high-pressure fuel pump. 

8. A method of controlling fuel injection of an internal 
combustion engine wherein the fuel injection pulse width is 
calculated according to an engine operating State and each 
fuel injection Valve is intermittently opened based on the 
fuel injection pulse width, wherein fuel preSSures Supplied to 
the fuel injection valve is detected, the detected fuel pressure 
values are Smoothed with a Smoothing level according to the 
engine operating State and the fuel injection pulse width is 
corrected based on the Smoothed detected fuel preSSure 
values, comprising the Steps of: 

judging whether the engine operating State is transitional 
or Steady; and 

changing the Smoothing level in the Smoothing of the 
detected fuel pressure values according to the judge 
ment result. 

9. The method of claim 8, wherein it is judged whether the 
engine operating State is transitional or Steady based on a 
change in the fuel injection pulse width. 

10. The method of claim 8, wherein it is judged whether 
the engine operating State is transitional or Steady based on 
a change in a signal that causes a change in the fuel injection 
pulse width. 

11. The method of claim 9, wherein the smoothing level 
is changed according to an engine rotational Speed in at least 
one of the transitional and steady States. 

12. The method of claim 11, wherein the smoothing level 
is changed So that a cutoff frequency rises as the engine 
rotational Speed rises. 

13. The method of claim 9, wherein a smoothing level for 
the transitional State is maintained for a predetermined 
period after the transitional State shifts to the Steady State. 

14. The method of claim 8, wherein the fuel injection 
Valve directly injects fuel into a cylinder, and wherein a 
low-pressure fuel pump Supplies fuel from a fuel tank to a 
high-pressure fuel pump, Said high-pressure pump Supplies 
the fuel to the fuel injection valve, and fuel pressures 
Supplied to the fuel injection Valve by the high-pressure fuel 
pump are detected. 
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