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DIRECT-INJECTION SPARK-IGNITION 
TYPE ENGINE CONTROL APPARATUS 

BACKGROUND OF THE INVENTION 

This invention is directed to a direct-injection Spark 
ignition type engine control apparatus for correcting engine 
torque based on engine operating conditions. 

It is conventional practice to realize a desired target torque 
(for example, during a gear shift operation made in an 
automatic transmission) using feedback control of the intake 
air flow rate in a manner to converge the engine torque to the 
target torque while correcting the Spark timing according to 
a difference between the engine torque and the target torque. 
In order to achieve the target torque, the torque control 
(torque correction), which requires a faster response than 
intake air flow rate control can provide, is made by correct 
ing Spark timing, as discussed in Japanese Patent Kokai No. 
5-163996. 

In recent years, direct-injection Spark-ignition type 
engines have attracted Special interest. In Such a direct 
injection Spark-ignition type engine, it is the current practice 
to make a combustion mode change, according to engine 
operating conditions, between homogeneous combustion 
(wherein fuel is injected during an intake Stroke to diffuse 
the injected fuel So as to form a homogeneous mixture in the 
combustion chamber) and stratified combustion (wherein 
fuel is injected during a compression Stroke to form a 
Stratified fuel mixture around the Spark plug) as discussed in 
Japanese Patent Kokai No. 59-37236. 

With Such a direct-injection Spark-ignition type engine, 
Sparks must be produced at a time when the mixture is close 
to the Spark plug if torque correction is to be made by the use 
of Spark timing during Stratified combustion. However, the 
range over which Spark timing can be corrected is too 
narrow to permit Sufficient torque correction during stratified 
combustion. An attempt to correct Spark timing to an exces 
Sive extent will cause degraded combustion performance 
and eventually misfire. 

SUMMARY OF THE INVENTION 

In View of these considerations, the invention has for an 
object providing a direct-injection Spark-ignition type 
engine control apparatus which can ensure optimum torque 
correction when the combustion mode is either homoge 
neous combustion or Stratified combustion. 

The invention provides desired torque correction regard 
less of the combustion mode by controlling at least the Spark 
timing to correct torque during homogeneous combustion 
and by controlling at least the air-fuel ratio to correct torque 
during Stratified combustion. Torque correction is provided 
with a fast response to a torque correction demand that 
cannot be followed by intake air flow rate control, regardless 
of the combustion mode. High Speed torque correction is 
provided when torque demand control (Such as the control 
described in connection with FIG. 7) is used to control the 
throttle position. Also, the invention widens the range 
(dynamic range) over which torque can be controlled during 
homogeneous combustion. It is possible to realize a 
response during Stratified combustion that is about as fast as 
the response during homogeneous combustion, without 
increasing the processing load required for calculations 
during high Speed operations. Also, the Same response 
characteristics for operations with Stratified and homoge 
neous combustion can be used over the entire range of 
engine Speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(A) and 1.(B) illustrate block diagrams showing 
the overall arrangement of the invention. 
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2 
FIG. 2 is a System diagram of an engine embodying the 

invention. 

FIG. 3 is a flow diagram showing a torque correction 
factor calculating routine used in a first embodiment. 

FIG. 4 is a flow diagram showing a Spark timing calcu 
lating routine used in the first embodiment. 

FIG. 5 is a flow diagram showing a fuel delivery require 
ment calculating routine used in the first embodiment. 

FIG. 6 is a flow diagram showing a torque correction 
factor calculating routine used in a Second embodiment. 

FIG. 7 is a block diagram showing torque demand control 
used in the Second embodiment. 

FIG. 8 is a flow diagram showing a torque correction 
factor calculating routine used in a third embodiment. 

FIG. 9 is a flow diagram showing a fuel delivery require 
ment calculating routine used in the third embodiment. 

FIG. 10 is a flow diagram Showing a torque correction 
factor calculating routine used in a fourth embodiment. 

FIG. 11 is a flow diagram showing a torque correction 
factor and fuel delivery calculating routine used in a fifth 
embodiment. 

FIG. 12 shows response waveforms for the first embodi 
ment. 

FIG. 13 shows response waveforms for the second 
embodiment. 

FIG. 14 shows response waveforms for the third embodi 
ment. 

FIG. 15 shows response waveforms for the fourth 
embodiment. 

FIG. 16 shows time synchronous calculation of the fuel 
delivery requirement during idling. 

FIG. 17 shows time synchronous calculation of the fuel 
delivery requirement above idling Speed. 

FIG. 18 shows rotation synchronous calculation of the 
fuel delivery requirement (fifth embodiment). 

FIG. 19 illustrates one arrangement of overall processing. 
FIGS. 20 to 22 illustrate torque correction demand pro 

cessing under various conditions. 
FIG. 23 illustrateS processing to Select a combustion 

mode and basic equivalence ratio. 
FIGS. 24 to 27 are examples of maps employed in the 

invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

FIGS. 1(A) and 1.(B) will be used to explain the overall 
design of the invention. 
The invention is directed to a control apparatus, or 

controller, for a direct-injection Spark-ignition type engine. 
As shown in FIG. 1(A), the invention includes a combustion 
mode changing Section for making a combustion change 
between homogenous combustion (wherein fuel is injected 
during an intake Stroke to diffuse the injected fuel So as to 
form a homogeneous mixture in the combustion chamber) 
and Stratified combustion (wherein fuel is injected during a 
compression Stroke to form a Stratified fuel mixture around 
the Spark plug). The invention includes a torque correction 
demanding Section for producing a torque correction 
demand in accordance with engine operating conditions. 
The controller also includes a homogenous combustion 
torque correcting Section, which is responsive to the torque 
correction demand, for correcting at least the Spark timing in 
order to make a torque correction during homogenous 
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combustion. A Stratified combustion torque correcting Sec 
tion is responsive to a torque correction demand and corrects 
at least the air-fuel ratio in order to make a torque correction 
during Stratified combustion. 

FIG. 1(B) shows another overall arrangement of the 
invention. This arrangement is also directed to a controller 
for a direct-injection Spark-ignition type engine. This design 
also includes a combustion mode changing Section for 
making a combustion mode change between homogenous 
combustion and Stratified combustion. A torque correction 
demanding Section produces a torque correction demand 
based on engine operating conditions. A torque control 
Section is responsive to the torque correction demand and 
controls the amount of air permitted to enter the engine in 
order to control the torque. Because air intake cannot be 
changed rapidly, a homogenous combustion torque correct 
ing Section corrects at least the Spark timing in order to make 
a torque correction with a fast response (compared with the 
delay associated with intake air flow rate control) during 
homogenous combustion. A Stratified combustion torque 
correcting Section corrects at least the air-fuel ratio to make 
torque correction during Stratified combustion. 

FIG. 2 is a System diagram showing a direct-injection 
Spark-ignition engine embodying the invention. Air is intro 
duced through an air cleaner 2 into an intake passage 3 and 
hence into each of the combustion chambers of engine 1 
(installed in a vehicle). Air intake is controlled by an 
electronic controlled throttle valve 4. The degree of opening 
of the electronic controlled throttle valve 4 is controlled by, 
for example, a step motor operable in response to a signal 
from a control unit 20. 

An electro-magnetic fuel injector 5 is provided for direct 
injection of fuel (gasoline) into the combustion chamber. 
The fuel injector 5 opens to inject fuel adjusted at a 
predetermined pressure when its Solenoid receives a fuel 
injection pulse signal outputted from the control unit 20 
during an intake or compression Stroke, in Synchronism with 
engine rotation, to inject fuel. In the case where the fuel is 
injected during the intake Stroke, the injected fuel diffuses 
into the combustion chamber to form a homogeneous mix 
ture. In the case where the fuel is injected during the 
compression Stroke, a Stratified mixture is formed around a 
Spark plug 6. The Spark plug 6 produces a Spark to ignite the 
mixture for combustion (homogeneous combustion or strati 
fied combustion). The combustion modes include homoge 
neous Stoichiometric combustion (at an air-fuel ratio of 
about 14.6), homogeneous lean combustion (at air-fuel 
ratios ranging from about 20 to 30), and stratified lean 
combustion (at air-fuel ratios of about 40), in accordance 
with air-fuel ratio control. Additional discussion regarding 
homogeneous combustion and Stratified combustion and 
regarding how the air-fuel ratio can be adjusted for various 
engine operating conditions is Set forth in U.S. patent 
application Ser. No. 08/901,963, filed Jul. 29, 1997 entitled 
“Control System for Internal Combustion Engine,” and a 
U.S. Patent Application entitled “Direct Injection Gasoline 
Engine with Stratified Charge Combustion and Homoge 
neous Charge Combustion” filed under Attorney Docket No. 
040679/625. The entire contents of these applications are 
incorporated herein by reference. 

The exhaust gases discharge from the engine 1 into 
exhaust passage 7. The exhaust passage 7 has a catalytic 
converter 8 for purifying the exhaust gases. 

The control unit, or controller, 20 includes a microcom 
puter comprised of a CPU, a ROM, a RAM, an A/D 
converter and an input/output interface and receives signals 
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4 
from various Sensors. One Suitable control unit is, for 
example, a Hitachi SH70 Series processor, programmed in C 
and/or machine language. The Sections described herein are 
implemented in hardware, Software, or a combination of 
both, in the control unit 20. 

These Sensors include angle Sensors 21 and 22 for detect 
ing the rotation of the crankShaft or camshaft of the engine 
1. The Sensors 21 and 22 produce a reference pulse signal 
REF for each 720°/n of rotation of the shaft (where n is the 
number of cylinders) at a predetermined shaft position (at a 
predetermined crankshaft angular position before the com 
pression top dead center of each of the cylinders) and also 
a unit pulse signal POS at a predetermined number of 
degrees (1 to 2) of rotation of the shaft. The engine speed 
Ne is calculated based on the period of the reference pulse 
signal REF. 
The sensors also include an airflow meter 23 provided in 

the intake passage 3 at a position upstream of the throttle 
valve 4 for detecting the intake air flow rate Qa (the amount 
of air permitted to enter the engine); an accelerator Sensor 24 
for detecting the accelerator position ACC (the degree to 
which the accelerator is depressed); a throttle valve Sensor 
25 (including an idle Switch positioned to be turned on when 
the throttle valve 4 is fully closed) for detecting the degree 
TVO of opening of the throttle valve 4; a coolant tempera 
ture sensor 26 for detecting the temperature Tw of the 
coolant of the engine 1; an O. Sensor 27 positioned in the 
exhaust passage 7 for producing a signal corresponding to 
the rich/lean composition of the exhaust gas for actual 
air-fuel ratio determination; and a vehicle Speed Sensor 28 
for detecting the vehicle speed VSP 
The control unit 20 receives the signals fed thereto from 

the various Sensors and includes a microcomputer built 
therein for making the calculations described herein to 
control the degree of opening of the electronic controlled 
throttle valve 4, the amount of fuel injected to the engine by 
the fuel injector 5, and the Spark timing of the Spark plug 6. 

Torque control (torque correction) will be described with 
reference to the flow diagrams. 

First Embodiment 

A first embodiment will be described with reference to the 
flow diagrams of FIGS. 3 to 5. 

FIG. 3 shows a torque correction factor calculating rou 
tine executed in Synchronism with the reference pulse signal 
REF (REF-JOB). 

In Step S1, a torque correction demand (that is, a demand 
for an increase or decrease in engine torque), which can 
result from, for example, a gear Shift operation, air condi 
tioner turning on operation, or fuel cut recovery, is read. For 
example, a torque decreasing demand is produced during a 
gear shift operation; a torque increasing demand is produced 
when the air conditioner is turned on; and a torque decreas 
ing demand is produced upon fuel cut recovery. Examples of 
torque correction demand will be described in further detail 
below in connection with FIGS. 20 to 22. 

In step S2, a torque correction factor PIPER (100+C.%) is 
calculated in accordance with the torque correction demand. 
More specifically: 

tTeC + At Te 

TeO 
PIPER 

wherein tTe0 is basic target engine torque and AtTe is the 
torque correction value. No correction is made when 
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PIPER=100%. A torque increasing demand is when 
PIPER>100% and a torque decreasing demand is when 
PIPER(100%. 

In step S3, the combustion mode is read. The combustion 
mode is changed based on engine operating conditions using 
combustion mode changing maps Such as a map which 
defines the combustion mode (and basic equivalence ratio top 
or air-fuel ratio) as a function of engine speed Ne and the 
target engine torque tTe. Maps are prepared for each engine 
operating condition as defined by, for example, coolant 
temperature TW, the time elapsed after the engine Starts, and 
the like. One of homogeneous Stoichiometric combustion, 
homogeneous lean combustion, and Stratified lean combus 
tion is Set based on the actual engine operating conditions 
from the map Selected according to these conditions. An 
example of this process will be described below in connec 
tion with FIG. 23. 

In Step S4, a determination is made as to whether the 
combustion mode is homogeneous combustion 
(homogeneous Stoichiometric combustion or homogeneous 
lean combustion) or Stratified combustion (stratified lean 
combustion). 

If the combustion mode is homogeneous combustion, 
then the program proceeds to Step S5 where the torque 
correction factor PIPER is converted into a spark timing 
correction factor TORET according to, for example, a map 
such as shown in FIG. 24 (TQRET=AAdv). As shown in 
FIG. 24, Since advancing the Spark timing increases the 
torque little, the basic Spark timing is Set retarded in order to 
obtain a enough torque increase when the Spark timing is 
advanced. The spark timing correction factor TORET has a 
positive sign when the Spark timing is to be retarded and a 
negative sign when the Spark timing is to be advanced. In 
step S6, the torque correction factor PIPER is returned to 
100% and this routine is ended. 

If the combustion mode is stratified combustion, then the 
program proceeds to Step S7 wherein the Spark timing 
correction factor TQRET is set at Zero (TORET=0) and this 
program is ended. In this case, the torque correction factor 
PIPER is held at the value calculated in step S2. In one 
embodiment, the calculations in FIG. 3 take several micro 
Seconds. 

FIG. 4 shows a Spark timing calculating routine executed 
in synchronism with the reference pulse signal REF (REF 
JOB). 

In step S11, the basic spark timing ADVmap is obtained. 
The basic Spark timing ADVmap for homogeneous com 
bustion both Stoichiometric and lean is calculated in accor 
dance with MBT control Such as disclosed in U.S. Pat. No. 
5,070,842. The basic spark timing ADVmap for stratified 
charge combustion is calculated from a prepared map. FIG. 
25 shows an ADVmap for stratified charge combustion 
which defines the basic Spark timing ADVmap as a function 
of engine Speed Ne and fuel delivery, more particularly pulse 
width for fuel delivery Ti. In FIG. 25, the target torque tTe 
can also be used instead of fuel delivery Ti. 

The Spark timing ADVmap for homogeneous combustion 
can be calculated in accordance with a map as a function of 
engine Speed Ne and one the target torque tTe and fuel 
delivery Ti (see FIG. 26) 

In step S12, the spark timing correction factor TORET 
(from the FIG. 3 processing) is read. In step S13, the spark 
timing correction factor TORET is added to the basic spark 
timing ADVmap to calculate the eventual Spark timing 
ADV: 

ADVADVmap+TORET 

Since the torque correction factor PIPER is converted to 
the Spark timing correction factor TQRET during homoge 
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6 
neous combustion, this torque correction reflects on the 
Spark timing ADV, and the torque is corrected by adjusting 
the Spark timing. Since the Spark timing correction factor 
TORET is zero during stratified combustion, no torque 
correction is made via the Spark timing during Stratified 
combustion. 

In step S14, the spark timing ADV is set in a predeter 
mined register and a command is produced to generate a 
Spark at the Spark timing ADV. 

FIG. 5 shows a fuel delivery requirement calculating 
routine executed at uniform intervals of time, for example, 
10 ms (10 ms-JOB). 

In step S21, a basic equivalence ratio top (set during 
execution of another routine for air-fuel ratio control) is 
read. The basic equivalence ratio top is set according to the 
combustion mode, as discussed above. The term “equiva 
lence ratio” means a fuel-air ratio represented as 14.6/AFR, 
where AFR is the air-fuel ratio. An example of this process 
ing will be described in connection with FIG. 23. 

In step S22, the torque correction factor PIPER is read. 
In step S23, the torque correction factor PIPER is con 

verted to an equivalence ratio correction factor Aqp. Since the 
torque correction factor PIPER is 100% during homoge 
neous combustion (in this embodiment), the equivalence 
ratio correction factor Acp is 1 in this case. Since the torque 
correction factor PIPER is 100+C.% during stratified 
combustion, the equivalence ratio correction factor Acp is 
1-?3. FIG. 27 shows one suitable map for converting PIPER 
to Aqp. 

In Step S24, the target equivalence ratio topd is calculated 
by multiplying the basic equivalence ratio top by the equiva 
lence ratio correction factor Acp: 

tcpd=topxAp 

In step S25, the basic fuel delivery requirement Tp is 
corrected for the target equivalence ratio topd and the like to 
calculate the eventual fuel delivery requirement Ti as fol 
lows: 

Tp is the basic fuel delivery requirement corresponding to 
the stoichiometric air-fuel ratio, Tp=K1xQa/Ne (K1 is 
a constant). 

KC. is an air-fuel ratio feedback correction factor calcu 
lated based on the O. Sensor Signal (the correction 
factor KC. is clamped at 1 during lean combustion). 

TS is an ineffective injection time correction factor depen 
dent on the battery Voltage. 

The fuel delivery requirement Ti calculated in such a 
manner is Set in a predetermined register. An injection pulse 
Signal having a pulse width corresponding to the fuel 
delivery requirement Ti is outputted to each of the fuel 
injectors 5 for fuel injection in the intake stroke of the 
corresponding cylinder (during homogeneous combustion) 
and in the compression Stroke of the corresponding cylinder 
(during Stratified combustion). 

Thus, the steps S1 to S4, S5, S6, S12 and S13 perform a 
homogeneous combustion torque correcting function and 
the steps S1 to S4, S7, and S22 to S25 perform a stratified 
combustion torque correcting function. 

FIG. 12 shows response waveforms for the first embodi 
ment of the invention. ASSuming that a demand for torque 
correction (torque down demand) is produced in the pres 
ence of a gear Shift, the Spark timing is corrected to correct 
the torque during homogeneous combustion, whereas the 
equivalence ratio (air-fuel ratio) is corrected, without cor 
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recting the Spark timing, to correct the torque during Strati 
fied combustion. 

In this embodiment, the electronic controlled throttle 
Valve 4 is controlled according to the accelerator position 
ACC. 

Second Embodiment 

In the Second embodiment, torque correction is made as 
shown in FIG. 6, and Spark timing and fuel delivery require 
ment calculations are made as described above in connection 
with FIGS. 4 and 5. 

FIG. 6 shows a torque correcting routine executed in 
synchronism with the reference pulse signal REF (REF 
JOB). 
At Step S31, a target torque tTRO calculated by torque 

demand control is retrieved. The parameter tTRO includes a 
torque correction demand (demand for increasing or 
decreasing the torque) resulting from gear shifting of the 
transmission, turning on the air conditioner, recovery from 
a fuel cut, or the like. 
The target torque is represented by the following formula: 

Target torque tTE ( = titRO) = basic target engine torque (tTe0) + 

torque correction for intake air (At Te air) 

In the Second and fourth embodiments, torque correction 
entails correction for the intake air amount. This torque 
correction is indicated by AtTe air. 

In Step S32, an air correction factor to obtain the target 
torque (the torque correction demand) is calculated to con 
trol the degree of opening of the electronic controlled 
throttle valve 4. 

In step S33, the output torque during intake air correction 
is estimated. 

In step S34, the estimated torque is subtracted from the 
target torque (which is based on the torque demand control 
target torque or the torque correction demand calculated at 
Step S31) to calculate the torque shortage due to the delay 
involved with changing the amount of intake air. 

In step S35, a torque correction factor PIPER (100+C.9%) 
is calculated in accordance with the torque shortage. In this 
case, PIPER=100% indicates no correction. PIPER>100% 
indicates a torque increase demand, and PIPER.<100% indi 
cates a torque decrease demand. 

In step S36, the combustion mode is read. 
In step S37, a determination is made as to whether the 

combustion mode is homogeneous combustion 
(homogeneous Stoichiometric combustion or homogeneous 
lean combustion) or Stratified combustion (stratified lean 
combustion). 

If the combustion mode is homogeneous combustion, 
then the program proceeds to Step S38 wherein the torque 
correction factor PIPER is converted to a spark timing 
correction factor TQRET, as discussed above. The spark 
timing correction factor TORET has a positive sign when the 
Spark timing is to be retarded and a negative sign when the 
Spark timing is to be advanced. In Step S39, the torque 
correction factor PIPER is returned to 100% and this pro 
gram is ended. 

If the combustion mode is stratified combustion, then the 
program proceeds to Step S40 wherein the Spark timing 
correction factor TORET is set at 0 and this program is 
ended. In this case, the torque correction factor is held at the 
value calculated in step S35. 

Thereafter, control is made according to the Spark timing 
calculation routine of FIG. 4 and the fuel delivery require 
ment calculation routine of FIG. 5. 
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The steps S31 to S37, S38, S39, S12 and S13 perform a 

homogeneous combustion torque correcting function and 
the steps S31 to S37, S40 and S22 to S25 perform a stratified 
combustion torque correcting function. 

FIG. 7 is a control block diagram for torque demand 
control. 
A target torque calculation Section 101 receives the accel 

erator position ACC and the engine Speed Ne, and outputs a 
driver demand torque based on a predetermined map which 
defines the driver demand torque as a function of accelerator 
position and engine Speed. A torque correction demand 
factor resulting from a gear shift, air conditioner on, fuel cut 
recovery, or the like is added to the driver demand torque to 
calculate a target torque tTRO. 
A basic fuel delivery requirement calculation section 102 

receives the target torque tTRO and the engine Speed Ne and 
it outputs a basic fuel delivery requirement tof based on a 
predetermined map which Specifies the basic fuel delivery 
requirement tof as a function of target torque and engine 
Speed. 
The combustion efficiency varies when the air-fuel ratio 

changes over a wide range during operation with homoge 
neous and Stratified combustion. An efficiency correction 
section 103 corrects the basic fuel delivery requirement tof 
based on combustion efficiency. The basic fuel delivery is 
corrected less as the air/fuel ratio increases (leaner). Under 
lean conditions, the pumping loSS is lower and efficiency is 
higher; thus less fuel is needed to get a certain torque when 
the air fuel ratio is leaner. 
A target air-fuel ratio calculation Section 104 receives the 

target torque tTRO and the engine Speed Ne and outputs a 
target air-fuel ratio tAFR from a predetermined map which 
defines the target air-fuel ratio tAFR as a function of target 
torque and engine Speed. 
A target intake air flow rate calculation section 105 

includes a multiplier which multiplies the basic fuel delivery 
requirement tof by the target air-fuel ratio tAFR to calculate 
a target intake air flow rate tocyl=tOfxtAFR. 
A target throttle position calculation Section 106 receives 

the target intake air flow rate t0cyl and the engine Speed Ne 
and outputs a target throttle position tTVO from a predeter 
mined map which specifies the target throttle position tTVO 
as a function of tOcyl and Ne. 
A throttle valve drive control section 107 drives, for 

example, a step motor in a Stepped manner in response to a 
command Signal corresponding to the target throttle position 
tTVO so as to bring the throttle valve 4 to the target throttle 
position tTVO. Examples of maps referred to above in 
connection with FIG. 7 are shown in a U.S. Patent Appli 
cation entitled “Engine Throttle Control Apparatus” and 
filed under Attorney Docket No. 040679/0629. 

FIG. 13 shows response waveforms for the second 
embodiment. ASSuming that a torque correction (torque up) 
demand is produced when the air conditioner is turned on, 
the amount of air to the engine increases; however, a torque 
Shortage occurs because of the delay in increasing the actual 
amount of air to the engine. The Spark timing is corrected to 
correct the torque shortage during homogeneous combustion 
and the equivalence ratio (air-fuel ratio) is corrected, without 
correcting the Spark timing, to correct the torque shortage 
during Stratified combustion. 

Third Embodiment 

In the third embodiment, the torque correction factor 
calculation is made as shown in FIG. 8, the Spark timing 
calculation is made as described above in connection with 
FIG. 4, and the fuel delivery requirement calculation is made 
as shown in FIG. 9. 
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FIG. 8 shows a torque correction factor calculating rou 
tine executed in Synchronism with the reference pulse signal 
REF (REF-JOB). FIG. 8 is different from FIG.3 in steps S2', 
S5" and S6'. 

In step S1, a torque correction demand (increase or 
decrease demand) resulting from a gear shift, air conditioner 
on, fuel cut recovery, or the like, is read. 

In Step S2, a torque correction factor is calculated in 
accordance with the torque correction demand. The torque 
correction factor is divided into a Spark timing related torque 
correction factor PIPERAD and an air-fuel ratio related 
torque correction factor PIPERMR, which are independently 
calculated. When each correction factor is AtTe AD, AtTe 
MR: 

tTeO + At Te AD 
TeO 

PPERAD = 

In this case, 100% indicates no correction, greater than 
100% indicates a torque increase demand, and less than 
100% indicates a torque decrease demand. 

In step S3, the combustion mode is read. 
In Step S4, a determination is made as to whether the 

combustion mode is homogeneous combustion 
(homogeneous Stoichiometric combustion or homogeneous 
lean combustion) or St ratified combustion (Stratified lean 
combustion). 

If the combustion mode is homogeneous combustion, 
then the program proceeds to the Step S5" wherein the Spark 
timing related torque correction factor PIPERAD is con 
verted to a Spark timing correction factor TORET in accor 
dance with FIG. 24. (TQRET=AAdv). The spark timing 
correction factor TORET has a positive sign when the spark 
timing is to be retarded and a negative sign when the Spark 
timing is to be advanced. In Step S6', the Spark timing related 
torque correction factor PIPERAD is returned to 100% and 
this program is ended. 

If the combustion mode is stratified combustion, then the 
program proceeds to Step S7, where the Spark timing cor 
rection factor TORET is set at 0. In this case, the spark 
timing related torque correction factor PIPERAD is held at 
the value calculated in step S2'. 

Thereafter, control is made according to the Spark timing 
calculation routine of FIG. 4. 

FIG. 9 shows a fuel injection requirement calculating 
routine executed at uniform intervals of time, for example, 
10 ms (10 ms-JOB). FIG. 9 is different from FIG. 5 in step 
S22. 

In Step S21, a basic equivalence ratio top for air-fuel ratio 
control is read. 

In Step S22, the Spark timing related torque correction 
factor PIPERAD and the equivalence ratio related torque 
correction factor PIPERMR are read and added to calculate 
a total torque correction factor PIPER as follows: 

PIPER=PIPERAD+PIPERMR-100(%) 

Since the Spark timing related torque correction factor 
PIPERAD 100% during homogeneous combustion (after 
execution of FIG. 8), PIPER=PIPERMR during homoge 
neous combustion. 

In step S23, the torque correction factor PIPER is con 
verted to an equivalence ratio correction factor Aqp. 

In Step S24, the equivalence ratio correction factor Aqp is 
multiplied by the basic equivalence ratio top to calculate a 
target equivalence ratio topd as follows: 
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In step S25, the basic fuel delivery requirement Tp is 

corrected based on the target equivalence ratio topd to cal 
culate an eventual fuel delivery requirement Ti: 

The fuel delivery requirement Ti calculated in such a 
manner is Set in a predetermined register. An injection pulse 
Signal having a pulse width corresponding to the fuel 
delivery requirement Ti is outputted to each of the fuel 
injectors 5 for fuel injection in the intake stroke of the 
corresponding cylinder during homogeneous combustion 
and in the compression Stroke of the corresponding cylinder 
during Stratified combustion. 

FIG. 14 shows response waveforms for the third embodi 
ment. ASSuming that a demand for torque correction (torque 
down demand) is produced in the presence of a fuel cut, the 
Spark timing and equivalence ratio (air-fuel ratio) are cor 
rected to correct the torque during homogeneous 
combustion, whereas the equivalence ratio (air-fuel ratio) is 
corrected to a greater extent, without correcting the Spark 
timing, to correct the torque during Stratified combustion. 

Fourth Embodiment 

In the fourth embodiment, the torque correction is made 
as shown in FIG. 10, the Spark timing calculation is made as 
described above in connection with FIG. 4, and the fuel 
delivery requirement calculation is made as described above 
in connection with FIG. 9. 

FIG. 10 shows a torque correcting routine executed in 
synchronism with the reference pulse signal REF (REF 
JOB). FIG. 10 is different from FIG. 6 in steps S35", S38' and 
S39'. 

In step S31, a torque correction demand (increase or 
decrease demand) resulting from the target torque for torque 
demand control, a gear Shift, the air conditioner being turned 
on, fuel cut recovery, or the like is read. 

In Step S32, an air correction factor for the target torque 
or the torque correction demand is calculated to control the 
degree of opening of the electronic controlled throttle valve 
4. 

In Step S33, the output torque during air correction is 
estimated. 

In step S34, the estimated torque is subtracted from the 
target torque (based on the torque demand control target 
torque or the torque correction demand) to calculate a torque 
Shortage. 

In Step S35", a torque correction factor is calculated in 
accordance with the torque shortage. The torque correction 
factor is divided into a Spark timing related torque correction 
factor PIPERAD and an air-fuel ratio related torque correc 
tion factor PIPERMR. The spark timing related torque 
correction factor and the air-fuel ratio related torque correc 
tion factor are calculated based on the torque shortage from 
step S34 in the following manner: 

under stratified combustion: 

PIPERAD: PIPERMRO: 100 

under homogeneous combustion: 

PIPERAD: PIPERMR = x: (100-x) 

a value retrieved from a map based on the driving condition 
(engine speed, torque). In this case, 100% indicates no 
correction, more than 100% indicates a torque increase 
demand and less than 100% indicates a torque decrease 
demand. 

PETITIONER'S EXHIBIT 1005 
US PATENT NO. 6,581,565 

Page 31



6,006,717 
11 

In step S36, the combustion mode is read. 
In step S37, a determination is made as to whether the 

combustion mode is homogeneous combustion 
(homogeneous Stoichiometric combustion or homogeneous 
lean combustion) or Stratified combustion (stratified lean 
combustion). 

If the combustion mode is homogeneous combustion, 
then the program proceeds to step S38' wherein the spark 
timing related torque correction factor PIPERAD is con 
verted to a spark timing correction factor TORET. In step 
S39, the spark timing related torque correction factor PIP 
ERAD is returned to 100% and this program is ended. 

If the combustion mode is stratified combustion, then the 
program proceeds to Step S40 wherein the Spark timing 
correction factor TORET is set at 0 and this program is 
ended. In this case, the Spark timing related torque correc 
tion factor PIPERAD is held at the value calculated in step 
S35". 

Thereafter, control is made according to the Spark timing 
calculation routine of FIG. 4 and the fuel delivery require 
ment calculation routine of FIG. 9. 

FIG. 15 shows response waveforms for the fourth 
embodiment. ASSuming that a demand for torque correction 
(torque down demand) is produced in the presence of a gear 
shift, the amount of air to the engine is decreased; however, 
too much torque occurs because of the delay in air flow rate 
control. In order to correct the torque excess, the Spark 
timing and equivalence ratio (air-fuel ratio) are corrected to 
correct the torque during homogeneous combustion. The 
equivalence ratio (air-fuel ratio) is corrected to a greater 
extent, without correcting the Spark timing, to correct the 
torque during Stratified combustion. 

Fifth Embodiment 

In the fifth embodiment, calculations for the torque cor 
rection factor and fuel delivery requirement are made as 
shown in FIG. 11, and the Spark timing calculation is made 
as described above in connection with FIG. 4. 

In Step S1, the torque correction demand (demand for 
increase or decrease) which can result from a gear shift 
operation, air conditioner turning on operation, or fuel cut 
recovery, or the like, is read. 

In step S2, a torque correction factor PIPER (100+C.%) is 
calculated in accordance with the torque correction demand. 
In this case, no correction is made when PIPER=100%, a 
torque increasing demand correction is made when 
PIPER>100%, and a torque decreasing demand correction is 
made when PIPER(100%. 

In step S3, the combustion mode is read. 
In Step S4, a determination is made as to whether the 

combustion mode is homogeneous combustion 
(homogeneous Stoichiometric combustion or homogeneous 
lean combustion) or Stratified combustion (stratified lean 
combustion). 

If the combustion mode is homogeneous combustion, 
then the program proceeds to Step S41 wherein the torque 
correction factor PIPER is converted to the spark timing 
correction factor TORET. In step S42, the equivalence ratio 
correction factor Acp is set to 1. Following this, the program 
proceeds to steps S45 to S47. 

If the combustion mode is stratified combustion, then the 
program proceeds to Step S43 wherein the torque correction 
factor PIPER is converted to an equivalence ratio correction 
factor Ap, and then to Step S44 wherein the Spark timing 
correction factor TORET is set to 0. Following this, the 
program proceeds to steps S45 to S47. 
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In Step S45, the basic equivalence ratio top (set in another 

routine) is read for air-fuel ratio control. 
In Step S46, the target equivalence ratio topd is calculated 

by multiplying the basic equivalence ratio by the equiva 
lence ratio correction factor Acp as follows: 

tcpd=topxAp 

In step S47, the basic fuel delivery requirement Tp is 
corrected for the target equivalence ratio topd and the like to 
calculate the eventual fuel delivery requirement Ti according 
to the following equation 

The fuel delivery requirement Ti calculated in such a 
manner is Set in a predetermined register. An injection pulse 
Signal having a pulse width corresponding to Ti is outputted 
to each of the fuel injectors 5 to inject fuel in the intake 
Stroke of the corresponding cylinder during homogeneous 
combustion and in the compression Stroke of the corre 
sponding cylinder during Stratified combustion. 

Control of Spark timing is made according to the Spark 
timing calculation routine of FIG. 4. 

In the fifth embodiment, the fuel delivery requirement 
calculation is made in Synchronism with engine rotation 
(REF-JOB) like the torque correction factor calculation. 

Differences between fuel delivery requirement calculation 
made in synchronism with time (10 ms-JOB) as described 
above in connection with the first to fourth embodiments and 
fuel delivery requirement calculation made in Synchronism 
with engine rotation (REF-JOB) as described in connection 
with the fifth embodiment will now be described. 
ASSuming that calculations made in Synchronism with 

rotation (REF-JOB) are for a four-cylinder engine, the 
period of the reference pulse signal REF produced for each 
180° of crankshaft rotation will change with engine speed 
approximately as follows: 

1000 rpm. .. 30 ms 
3000 rpm ... 10 ms 
5000 rpm . . . 6 ms 
6000 rpm. .. 5 ms 
Thus, the processing load required for the calculations is 

as great as compared to the ms-JOB at 3000 rpm or more 
and double the 10 ms-JOB at 6000 rpm. This tendency 
increases for 6 and 8 cylinder engines. 

For this reason, the processing load required for the 
calculations is decreased, in the first to fourth embodiments, 
by executing the fuel delivery requirement calculation in 
synchronism with time (10 ms-JOB). The reason why the 
response Speed during Stratified combustion is not degraded 
by making the calculations in Synchronism with time is as 
follows. 
At low loads (1200 rpm or less) during stratified 

combustion, 10 ms-JOB is executed between the time at 
which the torque correction factor is calculated (in Synchro 
nism with rotation) and the time at which fuel is injected. 
Thus, it is possible to realize the same response character 
istic as realized with Spark timing adjustment during homo 
geneous combustion. 
The reflection of the torque correction factor on the fuel 

delivery requirement is made in Synchronism with time (10 
ms-JOB) even at greater engine speeds, and the control is 
made at uniform intervals of 10 ms. However, Sufficient 
control can be made for torque correction demands on Such 
a time Scale. 

FIGS. 16 to 18 show the timing chart of the operation as 
to two cylinders of the engine. A Z-shape arrow represents 
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a Spark timing, a shaded rectangle shows a fuel delivery, and 
a triangular wave shows a preSSure in the cylinder raised by 
the combustion. 

Referring to FIG. 16, the influence on performance is 
dependent on whether the reflection of the correction factor 
is delayed one combustion at low engine Speeds, for 
example, at idling Speeds. Since the correction factor 
(TQRET) is calculated by REF-JOB during homogeneous 
combustion and reflected immediately on Spark timing Set 
by the REF signal during homogeneous combustion (when 
the correction factors (TQRET, PIPER) are calculated by 
REF-JOB and the reflection on the fuel delivery requirement 
is made by 10 ms-JOB), it is possible to reflect the correction 
factor on the combustion just after the REF signal. Homo 
geneous combustion might be used while idling if, for 
example, accessory loads are high and the engine is cold. 
Although the correction factor (PIPER) is calculated by 
REF-JOB during stratified combustion, at least one 10 
ms-JOB is executed between the time at which a REF signal 
is produced and the time at which a fuel injection pulse is 
produced at low engine Speeds. Thus, the correction factor 
can be reflected on the combustion just after the REF signal, 
like operation with homogeneous combustion. 

It is, therefore, possible to make torque corrections with 
the Same response characteristics for both Stratified com 
bustion and homogeneous combustion in the low engine 
Speed range, Such as the idling Speed range. 
As shown in FIG. 17, at engine speeds above idling 

speeds, if the correction factors (TQRET, PIPER) are cal 
culated by REF-JOB and the reflection on the fuel delivery 
requirement is made by 10 ms-JOB, the correction factor 
(TQRET) is calculated by REF-JOB and reflected immedi 
ately on the Spark timing Set by the REF signal during 
homogeneous combustion So that the correction factor is 
reflected on the combustion just after the REF signal. 

Although the correction factor (PIPER) is calculated by 
REF-JOB during stratified combustion, no 10 ms-JOB rou 
tine can be executed between the time at which the REF 
Signal is produced and the time at which a fuel injection 
pulse is produced, in this engine Speed range. In this case, 
the calculated correction factor is reflected on the next 
combustion. 

Thus, the time at which the correction factor is reflected 
may be delayed during Stratified combustion as compared to 
homogeneous combustion. However, this manner of calcu 
lation can reduce the processing load required for the 
calculations of REF-JOB and can prevent an increase in the 
processing load required for calculations made in Synchro 
nism with rotation when the engine Speed is increasing. 

Since it is Sufficient for a greater part of the correction 
demand values to be handled in Synchronism with time, and 
the reflection timing is not Severe at engine Speeds except for 
idling Speeds, there is no performance reduction problem if 
the corrected fuel delivery values are reflected at time 
intervals of 10 ms. 

It is, therefore, possible to correct the torque with Suffi 
cient response regardless of whether homogeneous or Strati 
fied combustion is occurring, while also preventing an 
increase in the processing load required for calculations 
made in Synchronism with rotation at engine Speeds above 
idling Speeds. 

FIG. 18 illustrates the effect of the fifth embodiment. Both 
the correction factor TORET and the fuel delivery require 
ment Tican be calculated by REF-JOB when the control unit 
has a Sufficiently great processing ability. The correction of 
the amount of fuel to the engine during Stratified combustion 
is reflected on the combustion just after the REF signal, like 
the correction to Spark timing made during homogeneous 
combustion. 
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It is thus possible to realize torque correction with a 

Sufficient response regardless of whether the combustion 
mode is homogeneous combustion or Stratified combustion, 
over the entire engine Speed range. 

FIG. 19 illustrates one arrangement for overall process 
ing. This processing includes the torque correction calcula 
tions of FIG. 3, the spark timing calculations of FIG. 4, and 
the fuel delivery calculations of FIG. 5. This processing also 
includes torque correction demand processing, change of 
combustion mode processing, basic Spark timing calculation 
processing and processing for calculating basic equivalence 
ratio top. 

In step S1001, a determination is made as to whether a 10 
ms job is Set. A counter in the control unit 20 outputs a clock 
Signal every 10 ms. If the clock signal was output between 
the last process and the current process, a “YES” determi 
nation is made and the processing proceeds on to Step 
S1002. The general flow of FIG. 19 itself is processed under 
a 1 or 2 mS job. 

In step S1002, the combustion mode is changed. For 
example, Stratified charge combustion or homogenous 
charge combustion can be selected. Selection of the com 
bustion mode based on various conditions is described, for 
example, in a U.S. Patent Application entitled “Direct Injec 
tion Gasoline Engine with Stratified Charge Combustion and 
Homogeneous Charge Combustion” filed under Attorney 
Docket Number 040679/0625. In step S1003, torque cor 
rection demand processing is performed and in step S1004 
basic Spark timing is calculated. 

In step S1005, the basic equivalence ratio is calculated, as 
discussed above. In step S1006, fuel delivery is calculated as 
discussed above in connection with FIG. 5. 

In step S1007, a determination is made as to whether 
REF-JOB is set. If the REF signal is output between the last 
process and the current process, “YES” is obtained and the 
processing proceeds to step S1008. In step S1008, a torque 
correction value is calculated, as discussed above in con 
nection with FIG. 3. In step S1009, spark timing is 
calculated, as discussed above in connection with FIG. 4. 

FIGS. 20-22 show torque correction demand processing 
under various conditions. FIG. 20 shows the processing for 
a shift change. FIG. 21 shows the processing for the air 
conditioner compressor being turned on/off. FIG.22 shows 
the processing for fuel cut recovery. 

In FIG. 22, a determination is made in step S1101 as to 
whether a shift change is occurring. If yes, the processing 
proceeds to Step S1102. Otherwise, the processing proceeds 
to the end. In step S1102, the shifting type is detected. In step 
S1103, a determination is made as to whether torque cor 
rection is demanded. If yes, the processing proceeds to Step 
S1104. Otherwise, the processing proceeds to the end. 

In step S1104, the time after the torque correction demand 
starts is counted. In step S1105, the value of torque correc 
tion is calculated and torque is corrected as shown in FIG. 
12. 

In FIG. 21, step S1201, a determination is made as to 
whether the air conditioner is on. If the air conditioner is on, 
the processing proceeds to step S1202. Otherwise, the 
processing proceeds to step S1203. In step S1202, the time 
after the air conditioner has been turned on is counted. In 
step S1203, the time after the air conditioner has been turned 
off is counted. After step S1203, the processing proceeds to 
step S1204. In step S1204, a determination is made as to 
whether a predetermined time has elapsed since turning the 
air conditioner off. If yes, the processing proceeds to Step 
S1205. Otherwise, the processing proceeds to the end. In 
step S1205, the value of the torque correction is calculated 
and torque is corrected as shown in FIG. 13. 
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In FIG. 22, step S1301 makes a determination as to 
whether a fuel cut is recovered (finished). If no, the pro 
cessing proceeds to the end. Otherwise, the processing 
proceeds to step S1302. In step S1302, the time after the 
recovery from the fuel cut is counted. In step S1303, a 
determination is made as to whether a predetermined time 
has elapsed since recovery. If no, the processing proceeds to 
the end. Otherwise, the processing proceeds to step S1304. 
In step S1304, the value of torque correction is calculated 
and torque is corrected as shown in FIG. 14. 

FIG. 23 is a flowchart which shows an example of 
processing to Select the combustion mode and basic equiva 
lence ratio top. AS discussed above, this processing is 
employed in connection with step S3 of FIG.3, and step S21 
of FIG. 5. 

In step S1401, the conditions to select a combustion mode 
are read. These conditions can include, for example, water 
temperature, the time from engine Starting, driving condi 
tions Such as engine revolution Speed Ne and target torque, 
and the like. 

In step S1402, a map select flag parameter FMAPCH is 
calculated in accordance with a combustion mode Selected. 
Steps S1405 and 1406 select the appropriate map based on 
the combustion mode, according to FMAPCH. The process 
ing proceeds to step S1407 for the homogeneous stoichio 
metric combustion condition. The processing proceeds to 
step S1408 for the homogeneous lean condition. The pro 
cessing proceeds to step S1409 for the stratified combustion 
condition. In each of steps S1407 to S1409, the basic 
equivalence ratio top is Selected from a map based on engine 
speed Ne and target torque (tTe=tTe0). 

The entire contents of Japanese patent application No. 
9-168419 (filed Jun. 25, 1997) and Press Information 
entitled “Nissan Direct-Injection Engine” (Document 
E1-2200-9709 of Nissan Motor Co., Ltd., Tokyo, Japan) are 
incorporated herein by reference. 

Although the invention has been described above by 
reference to certain embodiments of the invention, the 
invention is not limited to the embodiments described 
above. Modifications and variations of the embodiments 
described above will occur to those skilled in the art, in light 
of the above teachings. For example, the characteristic 
curves shown in the Figures are merely examples and other 
curves and techniques can be employed. The Scope of the 
invention is defined with reference to the following claims. 
What is claimed is: 
1. A controller for an engine which operates in a homo 

geneous combustion mode and a stratified combustion 
mode, the controller comprising: 

a detector to detect whether the engine is operating in a 
homogeneous combustion mode or a Stratified combus 
tion mode, and 

a torque correction Section, coupled to the detector, which 
receives a torque correction demand and produces a 
torque correction output in response to the torque 
correction demand, the torque correction output vary 
ing Spark timing when the detector detects that the 
engine is in the homogeneous combustion mode and 
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varying a ratio of air and fuel when the detector detects 
that the engine is in the Stratified combustion mode. 

2. A controller as Set forth in claim 1, wherein the torque 
correction output varies a ratio of air and fuel but not Spark 
timing when the detector detects that the engine is in the 
Stratified combustion mode. 

3. A controller as set forth in claim 1, wherein the torque 
correction output varies Spark timing and a ratio of air and 
fuel when the detector detects that the engine is in the 
homogeneous combustion mode. 

4. A controller as Set forth in claim 1, wherein the torque 
correction Section calculates an intake air flow amount to 
Satisfy the torque correction demand and produces an air 
flow amount output corresponding thereto, and wherein the 
torque correction Section varies Spark timing when the 
detector detects that the engine is in a homogeneous com 
bustion mode to compensate for a delay in actual air flow 
reaching air flow Specified by the air flow amount output, 
and varies the ratio of air and fuel when the detector detects 
that the engine is in a stratified combustion mode to com 
pensate for a delay in actual air flow reaching air flow 
Specified by the air flow amount output. 

5. A controller as set forth in claim 4, wherein the torque 
correction Section varies Spark timing and a ratio of air and 
fuel when the detector detects that the engine is in a 
homogeneous combustion mode to compensate for the delay 
in actual air flow reaching air flow Specified by the air flow 
amount output. 

6. A controller as Set forth in claim 1, further comprising 
a fuel delivery calculation section, wherein the fuel delivery 
calculation Section performs fuel delivery calculations in a 
loop having a constant repetition time, and wherein the 
torque correction Section performs its calculations in a loop 
whose repetition time varies with engine Speed. 

7. A controller as set forth in claim 1, wherein the torque 
correction Section calculates an intake air flow amount to 
Satisfy the torque correction demand and produces an air 
flow amount output corresponding thereto, and wherein the 
torque correction Section varies Spark timing when the 
detector detects that the engine is in a homogeneous com 
bustion mode to compensate for a delay in actual air flow 
reaching air flow specified by the air flow amount output. 

8. A controller as set forth in claim 2, wherein the torque 
correction output varies Spark timing and a ratio of air and 
fuel when the detector detects that the engine is in the 
homogeneous combustion mode. 

9. A controller as set forth in claim 4, wherein the torque 
correction Section varies a ratio of air and fuel but not Spark 
timing when the detector detects that the engine is in the 
Stratified combustion mode. 

10. A controller as set forth in claim 1, further comprising 
a fuel delivery calculation Section performing fuel delivery 
calculations, and wherein the fuel delivery calculation Sec 
tion and the torque correction Section perform the calcula 
tions in loops, each having repetition time varying with 
engine Speed, respectively. 
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