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(54) CONTROL DEVICE OF INTERNAL COMBUSTION ENGINE

(57) In a diesel engine equipped with a turbocharger
having a variable nozzle vane mechanism, an estimated
ignition delay period Dest in pilot injection is calculated
from a boost pressure PIM, an intake gas amount GCYL,
an intake gas temperature TIM, a coolant temperature
THW, a pilot injection time AINJP, and a pilot injection
amount qpl, and a target ignition delay period Dtrg in the
pilot injection is calculated from an engine speed NE and
an engine load QFIN. A difference Ddif is obtained by
subtracting the estimated ignition delay period Dest from
the target ignition delay period Dtrg, a VN opening degree
control value PVN is calculated from the difference Ddif,
and the VN opening degree of the variable nozzle vane
mechanism is controlled such that the estimated ignition
delay period Dest matches the target ignition delay period
Dtrg.
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Description

[Technical Field]

[0001] The present invention relates to a control appa-
ratus for a compression self-igniting internal combustion
engine represented by a diesel engine. Specifically, the
present invention relates to a procedure for suitably ad-
justing an ignition delay period.

[Background Art]

[0002] As disclosed in, for example, Patent Literature
1 and Patent Literature 2, combustion of a diesel engine
mounted in an automobile or the like is known to be mainly
executed in the form of premixed combustion and diffu-
sion combustion. Specifically, when a fuel injection from
an injector into a combustion chamber is started, first, a
combustible air-fuel mixture is generated due to evapo-
rative diffusion of fuel (an ignition delay period). Next,
this combustible air-fuel mixture undergoes self-ignition
nearly simultaneously at several locations in the com-
bustion chamber, and combustion progresses rapidly
(premixed combustion). A fuel injection is continued, or
a fuel injection is performed after a specific interval (a
fuel injection suspending period) into the combustion
chamber whose temperature has been sufficiently in-
creased by this premixed combustion, thereby executing
diffusion combustion. Thereafter, since unburnt fuel is
still present after fuel injection is terminated, heat gener-
ation continues for a while (an afterburning period).
[0003] Recently, along with enforcement of stricter reg-
ulations on exhaust emissions from automobiles (Euro
6, for example), a suitable adjustment of the ignition pe-
riod of an air-fuel mixture and thereby an improvement
of exhaust emissions as well as prevention of combustion
variation and misfire have been requested to be attained
even in a state in which parameters that affect the ignition
period of an air-fuel mixture, such as the pressure, the
temperature, the gas (air) amount, the oxygen concen-
tration, and the like in the cylinder (which is also referred
to as "amounts of combustion state"), change due to an
environmental change, a transient of operation, or the
like.
[0004] A means known for suitably adjusting the igni-
tion period of an air-fuel mixture is suitably adjusting the
ignition delay period. Specifically, the boost pressure of
intake air is made constant, or the amount of gas (amount
of air) supplied to the cylinder is made constant. For ex-
ample, in an engine equipped with a supercharger of a
variable capacity type, the boost pressure of intake air is
made constant or the amount of gas supplied to the cyl-
inder is made constant by adjusting the variable capacity
mechanism (for example, a nozzle vane mechanism).

[Citation List]

[Patent Literature]

[0005]

[PTL 1] JP 2009-7966A
[PTL 2] JP 2009-85118A

[Disclosure of Invention]

[Technical Problems]

[0006] However, even when the boost pressure of in-
take air is made constant or the amount of gas supplied
to the cylinder is made constant as stated above, there
is a limit to providing a suitable adjustment of the ignition
delay period. A reason therefor will now be described
below. Even when the boost pressure of intake air is
made constant, the temperature of gas supplied to the
cylinder changes if the outside air temperature, the gas
temperature after supercharging, the EGR rate, or the
like varies, and therefore the amount of intake gas into
the cylinder changes, and the compression end temper-
ature in the cylinder changes. Accordingly, due to this
temperature change, the fuel ignition timing changes,
and, as a result, the ignition delay period is shifted from
an appropriate value. Also, even when the amount of gas
supplied to the cylinder is made constant, if parameters
(the aforementioned outside air temperature and the like)
relating to the intake air temperature vary as stated
above, the gas temperature and the in-cylinder pressure
at the fuel injection time change. As a result, in this case
as well, the ignition delay period shifts from an appropri-
ate value.
[0007] A case where the outside air temperature
changes will now be described as a specific example.
Fig. 10(a) is a diagram showing a change of the amount
of intake gas relative to a change of the outside air tem-
perature, Fig. 10(b) is a diagram showing a change of
the boost pressure relative to a change of the outside air
temperature, and Fig. 10(c) is a diagram showing a
change of the ignition delay period relative to a change
of the outside air temperature. The solid line in the dia-
grams represents a case where the boost pressure is
made constant, and the dashed line in the diagrams rep-
resents a case where the amount of intake gas is made
constant. In the case where the boost pressure is made
constant, the amount of intake gas changes as the out-
side air temperature changes (the higher the outside air
temperature, the smaller the amount of intake gas; see
the solid line in Fig. 10(a). The higher the outside air
temperature, the shorter the ignition delay period (see
the solid line in Fig. 10(c)). On the other hand, in the case
where the amount of gas is made constant, the boost
pressure changes as the outside air temperature chang-
es (the higher the outside air temperature, the higher the
boost pressure; see the dashed line in Fig. 10(b). Ac-
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cordingly, the higher the outside air temperature, the
shorter the ignition delay period (see the dashed line in
Fig. 10(c)). As described above, the ignition delay period
varies as the outside air temperature changes, and thus
it has been difficult to suitably adjust the ignition delay
period.
[0008] In particular, in the case where pilot injection
and main injection are performed as fuel injection, if the
ignition delay period of the pilot injection varies, a pre-
heating effect on fuel injected in the main injection varies,
and accordingly, the ignition timing for fuel injected in the
main injection greatly varies. As a result, it is possible
that misfire occurs in the cylinder, and, due to the change
of the premix proportion, an increase of combustion nois-
es (an increase of combustion noises as the premix pro-
portion becomes large) or an increase of the amount of
black smoke generated (an increase of the amount of
black smoke generated as the premix proportion be-
comes small) occurs.
[0009] The present invention has been achieved in
view of the above, and an object thereof is to provide a
control apparatus for an internal combustion engine that
can suitably adjust the ignition delay period.

[Means for Solving the Problems]

- Outline of Invention -

[0010] An outline of the present invention for achieving
the aforementioned object is as follows. The variable ca-
pacity mechanism of a supercharger of a variable capac-
ity type is controlled, thereby adjusting the ignition delay
period of fuel such that the actual ignition delay period
matches the target ignition delay period (an ignition delay
period for enabling ideal combustion).

- Solving Means -

[0011] Specifically, the present invention is premised
on a control apparatus for a compression self-igniting
internal combustion engine equipped with a supercharg-
er of a variable capacity type having a variable capacity
mechanism. The control apparatus for a compression
self-igniting internal combustion engine includes a con-
trol means that controls the variable capacity mechanism
such that an actual ignition delay period of fuel injected
into a cylinder from a fuel injection valve is brought close
to a target ignition delay period.
[0012] According to this specific matter, in the case
where the actual ignition delay period is shorter than the
target ignition delay period, the variable capacity mech-
anism is controlled such that the actual ignition delay
period is long, and in contrast, in the case where the
actual ignition delay period is longer than the target igni-
tion delay period, the variable capacity mechanism is
controlled such that the actual ignition delay period is
short. With conventional art, even when the boost pres-
sure of intake air is made constant or the amount of gas

supplied to the cylinder is made constant, it is difficult to
suitably adjust the ignition delay period due to an envi-
ronmental change, a transient of operation, or the like.
In contrast, according the present solving means, the var-
iable capacity mechanism is controlled, thus enabling the
actual fuel ignition delay period to be brought close to
the target ignition delay period while reflecting the influ-
ences of an environmental change, a transient of oper-
ation, or the like. Accordingly, it is possible to obtain a
suitable premix proportion as the ignition delay period is
suitably adjusted, and prevention of misfire and improve-
ment of exhaust emissions can be attained.
[0013] A specific configuration of the control means is
as follows. That is, a difference between ignition delay
periods is obtained by subtracting the actual ignition de-
lay period from the target ignition delay period, and the
variable capacity mechanism is controlled such that the
greater the ignition delay period difference, the longer
the actual ignition delay period.
[0014] In this case, the actual ignition delay period is
estimated based preferably on at least one of the boost
pressure in the intake system, the amount of intake gas,
the temperature of intake gas, the internal combustion
engine coolant temperature, the fuel injection time, and
the fuel injection amount, and in contrast, the target ig-
nition delay period is set in accordance with the operating
state of the internal combustion engine.
[0015] In this manner, by controlling the variable ca-
pacity mechanism such that the actual ignition delay pe-
riod is brought close to the target ignition delay period,
the ignition delay period can be adjusted highly precisely.
[0016] Specifically, the variable capacity mechanism
is composed of a variable nozzle vane mechanism that
adjusts the opening degree of a plurality of nozzle vanes
that can vary the flow path area of an exhaust gas flow
path inside the supercharger. In this case, the control
means is designed to increase the opening degree of the
nozzle vanes such that the larger a difference between
ignition delay periods obtained by subtracting the actual
ignition delay period from the target ignition delay period,
the longer the actual ignition delay period of fuel.
[0017] As for an operation of fuel injection from the fuel
injection valve into a cylinder, in the case where it is pos-
sible to perform at least main injection and auxiliary in-
jection that is performed prior to the main injection and
that contributes to preheating inside the cylinder, the con-
trol means is configured to control the variable capacity
mechanism such that the actual ignition delay period of
fuel injected in the auxiliary injection is brought close to
the target ignition delay period.
[0018] This enables the combustion state of fuel inject-
ed in the main injection to arrive at an ideal combustion
state, and as a result, it is possible to concurrently satisfy
demands such as improving exhaust emissions by sup-
pressing the amount of NOx generated and the amount
of smoke generated, reducing combustion noises during
a combustion stroke, and ensuring sufficient engine
torque.
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[0019] Also, in the case where the variable capacity
mechanism is composed of a variable nozzle vane mech-
anism as described above, the control means is config-
ured such that, in a case of controlling an ignition delay
period by adjustment of an opening degree of the nozzle
vanes in an opening degree region where the opening
degree is relatively large, an amount of nozzle vane open-
ing degree change relative to an amount of unit ignition
delay period change is set so as to be larger than in a
case of controlling an ignition delay period by adjustment
of an opening degree of the nozzle vanes in an opening
degree region where the opening degree is smaller than
in the former opening region.
[0020] Thereby, in accordance with the nozzle vane
opening degree region, a suitable adjustment of an igni-
tion delay period can be performed highly precisely that
takes in consideration characteristics such as the rate of
change of the ignition delay period relative to the amount
of change of the nozzle vane opening degree being dif-
ferent.

[Effects of the Invention]

[0021] In the present invention, by controlling the var-
iable capacity mechanism of a supercharger of a variable
capacity type, the ignition delay period of fuel is adjusted.
Accordingly, as the ignition delay period is suitably ad-
justed, a suitable premix proportion is obtained, thereby
enabling prevention of misfire and improvement of ex-
haust emissions.

[Brief Description of Drawings]

[0022]

[FIG. 1]
Fig. 1 is a schematic configuration diagram showing
an engine and the control system thereof according
to an embodiment.
[FIG. 2]
Fig. 2 is a cross-sectional diagram showing the com-
bustion chamber of a diesel engine and its surround-
ings.
[FIG. 3]
Fig. 3 is a diagram showing a variable nozzle vane
mechanism as viewed from the outer side of a tur-
bocharger.
[FIG. 4]
Fig. 4 is a diagram showing a variable nozzle vane
mechanism as viewed from the inner side of a tur-
bocharger.
[FIG. 5]
Fig. 5 is a block diagram showing the configuration
of a control system such as an ECU.
[FIG. 6]
Fig. 6 shows waveform charts showing a change of
heat generation rate (heat generation amount per
unit rotation angle of a crankshaft) and a change of

fuel injection rate (fuel injection amount per unit ro-
tation angle of a crankshaft) during a combustion
stroke when ideal combustion is performed.
[FIG. 7]
Fig. 7 is a flowchart showing the procedure of ignition
delay control. [FIG. 8]
Fig. 8 is a diagram showing a relationship between
outside air temperature and an ignition delay period
when ignition delay control according to an embod-
iment is performed.
[FIG. 9]
Fig. 9 is a diagram showing a relationship between
a VN opening degree and an ignition delay period.
[FIG. 10]
Fig. 10 represents conventional art. Fig. 10(a) is a
diagram showing a change of the amount of intake
gas relative to a change of the outside air tempera-
ture, Fig. 10(b) is a diagram showing a change of
the boost pressure relative to a change of the outside
air temperature, and Fig. 10(c) is a diagram showing
a change of the ignition delay period relative to a
change of the outside air temperature.

[Mode for Carrying Out the Invention]

[0023] Embodiments of the present invention will now
be described below with reference to the drawings. In
the present embodiment, a case will be described in
which the present invention is applied to a common rail
in-cylinder direct injection multi-cylinder (for example, in-
line four-cylinder) diesel engine (compression self-ignit-
ing internal combustion engine) mounted in an automo-
bile.

- Engine Configuration -

[0024] First, the overall configuration of a diesel engine
(referred to below as simply the engine) according to the
present embodiment will now be described. Fig. 1 is a
schematic configuration diagram of an engine 1 and a
control system of the engine 1 according to the present
embodiment. Fig. 2 is a cross-sectional diagram showing
a combustion chamber 3 of the diesel engine and parts
in the vicinity of the combustion chamber 3.
[0025] As shown in Fig. 1, the engine 1 according to
the present embodiment is configured as a diesel engine
system having a fuel supply system 2, combustion cham-
bers 3, an intake system 6, an exhaust system 7, and
the like as its main portions.
[0026] The fuel supply system 2 is provided with a sup-
ply pump 21, a common rail 22, injectors (fuel injection
valves) 23, an engine fuel path 27, and the like.
[0027] The supply pump 21 draws fuel from a fuel tank,
and after putting the drawn fuel under high pressure, sup-
plies the fuel to the common rail 22 via the engine fuel
path 27. The common rail 22 has a function as an accu-
mulation chamber where the high pressure fuel is held
(accumulated) at a specific pressure, and this accumu-
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lated fuel is distributed to the respective injectors 23. The
injectors 23 are configured from piezo injectors within
which a piezoelectric element (piezo element) is provid-
ed, and supply fuel by injection into the combustion cham-
bers 3 by appropriately opening a valve.
[0028] The intake system 6 is provided with an intake
manifold 63 connected to an intake port 15a formed in a
cylinder head 15 (see Fig. 2), and an intake pipe 64 that
constitutes an intake path is connected to the intake man-
ifold 63. Also, in this intake path, an air cleaner 65, an
airflow meter 43, and a throttle valve (intake-air throttle
valve) 62 are disposed in order from the upstream side.
The airflow meter 43 outputs an electrical signal in ac-
cordance with the amount of air that flows into the intake
path via the air cleaner 65.
[0029] The exhaust system 7 is provided with an ex-
haust manifold 72 connected to exhaust ports 71 formed
in the cylinder head 15, and an exhaust pipe 73 that con-
stitutes an exhaust path is connected to the exhaust man-
ifold 72. An exhaust emission purifier 77 is disposed in
the exhaust path. The exhaust emission purifier 77 is
provided with a catalyst (an NOx storage catalyst or an
oxidation catalyst) and a DPF (Diesel Particulate Filter).
As the exhaust emission purifier 77, a DPNR catalyst
(Diesel Particulate-NOx Reduction catalyst) may be
used.
[0030] Here, the combustion chamber 3 of the diesel
engine and parts in the vicinity of the combustion cham-
ber 3 will now be described with reference to Fig. 2. As
shown in Fig. 2, in a cylinder block 11 that constitutes
part of the engine, a cylindrical cylinder bore 12 is formed
in each cylinder (each of four cylinders), and a piston 13
is housed within each cylinder bore 12 such that the pis-
ton 13 can slide in the vertical directions.
[0031] The combustion chamber 3 is formed on the top
side of a top face 13a of the piston 13. In other words,
the combustion chamber 3 is defined by a lower face of
the cylinder head 15 installed on top of the cylinder block
11, an inner wall face of the cylinder bore 12, and the top
face 13a of the piston 13. A cavity (recess) 13b is con-
cavely provided in substantially the center of the top face
13a of the piston 13, and this cavity 13b also constitutes
part of the combustion chamber 3.
[0032] The piston 13 is linked via a connecting rod 18
to a crankshaft that is an engine output shaft. Thus, back
and forth movement of the piston 13 within the cylinder
bore 12 is transmitted to the crankshaft via the connecting
rod 18, and engine output is obtained due to rotation of
this crank shaft. Also, a glow plug 19 is disposed so as
to face the combustion chamber 3.
The glow plug 19 glows due to the flow of electrical current
immediately before the engine 1 is started, and functions
as a starting assistance apparatus whereby ignition and
combustion are promoted due to part of a fuel spray being
blown onto the glow plug.
[0033] In the cylinder head 15, the intake port 15a and
the exhaust port 71 are formed, and an intake valve 16
that opens/closes the intake port 15a and an exhaust

valve 17 that opens/closes the exhaust port 71 are dis-
posed. Also, the injector 23 that injects fuel directly into
the combustion chamber 3 is installed in the cylinder head
15. The injector 23 is disposed substantially in the center
above the combustion chamber 3, in an erect orientation
along the cylinder center line P, and injects fuel intro-
duced from the common rail 22 toward the combustion
chamber 3 at a specific timing.
[0034] Furthermore, as shown in Fig. 1, the engine 1
is provided with a supercharger (turbocharger) 5. This
turbocharger 5 is equipped with a turbine wheel 52 and
a compressor wheel 53 that are linked via a turbine shaft
51. The compressor wheel 53 is disposed so as to face
the inside of the intake pipe 64, and the turbine wheel 52
is disposed so as to face the inside of the exhaust pipe 73.
[0035] In this embodiment, the turbocharger 5 is a tur-
bocharger of a variable nozzle type (a variable capacity
type), in which a variable nozzle vane mechanism (a var-
iable capacity mechanism) 54 (see Figs. 3 and 4) is pro-
vided on the turbine wheel 52 side, and by adjusting the
opening degree of nozzle vanes 59 provided in the var-
iable nozzle vane mechanism 54, it is possible to adjust
the boost pressure of the engine 1. A specific configura-
tion of the variable nozzle vane mechanism 54 will be
described below.
[0036] An intercooler 61 for forcibly cooling intake air
heated due to supercharging with the turbocharger 5 is
provided in the intake pipe 64 of the intake system 6.
[0037] Also, the engine 1 is provided with an exhaust
gas recirculation path (EGR path) 8 that connects the
intake system 6 and the exhaust system 7. The EGR
path 8 decreases the combustion temperature by appro-
priately directing part of the exhaust gas back to the in-
take system 6 and resupplying that exhaust gas to the
combustion chamber 3, thus reducing the amount of NOx
generated. Also, provided in the EGR path 8 are an EGR
valve 81 that by being opened/closed steplessly under
electronic control is capable of freely adjusting the flow
rate of exhaust gas that flows through the EGR path 8,
and an EGR cooler 82 for cooling exhaust that passes
through (recirculates through) the EGR path 8. The EGR
device (exhaust gas recirculating device) is configured
with this EGR path 8, EGR valve 81, EGR cooler 82, and
the like.

- Configuration of Variable Nozzle Vane Mechanism 54 -

[0038] Next, a configuration of the variable nozzle vane
mechanism 54 provided in the turbocharger (a turbo-
charger of a variable capacity type) 5 will now be de-
scribed in reference to Figs. 3 and 4.
[0039] Fig. 3 is a front view of the variable nozzle vane
mechanism 54 when viewed from the outer side of the
turbocharger 5 (a view of the variable nozzle vane mech-
anism 54 from the compressor side). Fig. 4 is a view of
the variable nozzle vane mechanism 54 when viewed
from the inner side of the turbocharger 5 (the housing
space side relative to the turbine wheel 52 (in a turbine
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housing)).
[0040] The variable nozzle vane mechanism 54 is pro-
vided with a unison ring 56 (see Fig. 3), a plurality of arms
57 that are positioned on the inner circumferential side
of the unison ring 56 and engage with depressed portions
56a of the unison ring 56, a nozzle plate (NV plate) 58
disposed so as to face the unison ring 56 in the center
axis direction of the turbocharger (see Fig. 4), a main
arm 57a for driving the plurality of arms 57, and vane
shafts 59a that are connected to the arms 57 and drive
the nozzle vanes 59. The vane shafts 59a are rotatably
supported by the nozzle plate 58, and are coupled to
each of the arms 57 and the nozzle vanes 59 such that
they turn as a single body.
[0041] A housing plate (not shown) and the nozzle
plate 58 are disposed so as to face each other, and space
for disposing the nozzle vanes 59 is formed between the
housing plate and the nozzle plate. That is, an exhaust
gas flow path is formed between the nozzle plate 58 and
the housing plate, and the nozzle vanes 59 are disposed
in this flow path.
[0042] The variable nozzle vane mechanism 54 is a
mechanism for adjusting a turn angle (turning attitude)
of the plurality (for example, 12) of nozzle vanes 59 dis-
posed at equal intervals on the outer circumference side
of the turbine wheel 52. In the variable nozzle vane mech-
anism, by a drive link 57b connected to the main arm 57a
being turned by a specific angle, this turning force is
transmitted to the nozzle vanes 59 via a drive shaft 57c,
the main arm 57a, the unison ring 56, the arms 57, and
the vane shafts 59a, so that the nozzle vanes 59 turn in
unison, and it is thus possible to adjust the flow amount
and the flow rate of exhaust gas from a turbine housing
vortex chamber towards the turbine wheel 52. Since the
configuration and the operation of the variable nozzle
vane mechanism 54 are well known, a detailed descrip-
tion is omitted here.

- Sensors -

[0043] Various sensors are installed at respective sites
of the engine 1, and these sensors output signals related
to environmental conditions at the respective sites and
the operating state of the engine 1.
[0044] For example, the airflow meter 43 outputs a de-
tection signal in accordance with the flow rate of intake
air (the amount of intake air) on the upstream side of the
throttle valve 62 within the intake system 6. An intake
temperature sensor 49 is disposed in the intake manifold
63 and outputs a detection signal in accordance with the
temperature of intake air. An intake pressure sensor 48
is disposed in the intake manifold 63 and outputs a de-
tection signal in accordance with the intake air pressure.
An A/F (air-fuel ratio) sensor 44 outputs a detection signal
that continuously changes in accordance with the oxygen
concentration in exhaust gas on the downstream side of
the exhaust emission purifier 77 of the exhaust system
7. An exhaust temperature sensor 45 likewise outputs a

detection signal in accordance with the temperature of
exhaust gas (exhaust temperature) on the downstream
side of the exhaust emission purifier 77 of the exhaust
system 7. A rail pressure sensor 41 outputs a detection
signal in accordance with the pressure of fuel accumu-
lated in the common rail 22. A throttle position sensor 42
detects the opening degree of the throttle valve 62.

- ECU -

[0045] An ECU 100 is provided with input-output cir-
cuits and a micro computer composed of a CPU, a ROM,
a RAM, and the like that are not shown. As shown in Fig.
5, the input circuit of the ECU 100 is connected to the rail
pressure sensor 41, the throttle position sensor 42, the
airflow meter 43, the A/F sensor 44, the exhaust temper-
ature sensor 45, the intake pressure sensor 48, and the
intake temperature sensor 49. Furthermore, the input cir-
cuit is connected to a water temperature sensor 46 that
outputs a detection signal in accordance with the coolant
temperature of the engine 1, an accelerator position sen-
sor 47 that outputs a detection signal in accordance with
the amount of accelerator pedal depression, a crank po-
sition sensor 40 that outputs a detection signal (pulse)
each time the output shaft (crankshaft) of the engine 1
rotates a specific angle, and the like.
[0046] On the other hand, the output circuit of the ECU
100 is connected to the supply pump 21, the injectors
23, the throttle valve 62, the EGR valve 81, and the var-
iable nozzle vane mechanism 54 (an actuator that adjusts
the opening degree of the nozzle vanes 59) of the turbo-
charger 5.
[0047] The ECU 100 executes various types of control
of the engine 1 based on output from the various types
of sensors described above, calculation values obtained
by an arithmetic expression using such output values,
and the various types of maps stored on the ROM.
[0048] For example, the ECU 100 executes pilot injec-
tion (auxiliary injection) and main injection (primary in-
jection) as control of fuel injection of the injectors 23.
[0049] The pilot injection is an operation in which a
small amount of fuel is injected from the injectors 23 prior
to the main injection. The pilot injection is an injection
operation for suppressing fuel ignition delay in the main
injection and for leading to stable diffusion combustion,
and is also called auxiliary injection. Also, the pilot injec-
tion in the present embodiment not only has the function
to slow the initial combustion rate in the above-described
main injection, but also has the preheating function to
increase the temperature in a cylinder. That is, after the
pilot injection is performed, fuel injection is suspended,
and the temperature of compressed gas (the temperature
in a cylinder) is sufficiently increased until the main in-
jection is started so as to reach the self-igniting temper-
ature of fuel (for example, 1000 K), and thereby favorable
ignitability of fuel injected in the main injection is secured.
[0050] The main injection is an injection operation for
generating torque of the engine 1 (operation of supplying
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fuel for torque generation). The fuel injection amount in
the main injection is basically determined so as to obtain
the torque required in accordance with the operating
state such as the engine speed, the accelerator operation
amount, the coolant temperature, the intake air temper-
ature, and the like. For example, the greater the engine
speed (engine speed calculated based on the detection
value from the crank position sensor 40) or the greater
the accelerator operation amount (the accelerator pedal
depression amount sensed by the accelerator position
sensor 47) (i.e., the greater the accelerator opening de-
gree), the greater the resulting torque requirement value
of the engine 1, and the greater the fuel injection amount
in the main injection is accordingly set.
[0051] Regarding an example of a specific fuel injec-
tion mode, the pilot injection (fuel injection from a plurality
of injection ports formed in the injector 23) is performed
before the piston 13 reaches the compression top dead
center, fuel injection is suspended, and after a specific
interval, the main injection is performed when the piston
13 reaches the vicinity of the compression top dead cent-
er. Accordingly, fuel burns due to self ignition, and the
energy generated by this combustion then becomes ki-
netic energy for pressing the piston 13 down toward the
bottom dead center (energy that is to serve as engine
output), thermal energy for raising the temperature in the
combustion chamber 3, and thermal energy that is dis-
sipated to the outside (e.g., coolant) via the cylinder block
11 and the cylinder head 15.
[0052] In the diesel engine 1, it is important to concur-
rently satisfy demands such as improving exhaust emis-
sions by suppressing the amount of NOx generated and
the amount of smoke generated, reducing combustion
noises during a combustion stroke, and ensuring suffi-
cient engine torque. As a technique to concurrently sat-
isfy such demands, appropriately controlling the chang-
ing state of the heat generation rate (a changing state
expressed as a heat generation rate waveform) in a cyl-
inder during a combustion stroke is effective.
[0053] In the upper waveform shown in Fig. 6, the hor-
izontal axis represents the crank angle, the vertical axis
represents the heat generation rate, indicating an ideal
heat generation rate waveform regarding the combustion
of fuel injected in the pilot injection and the main injection.
In the figure, "TDC" indicates a crank angle position cor-
responding to the compression top dead center of the
piston 13. The lower waveform shown in Fig. 6 is a wave-
form of the injection rate of fuel injected from the injector
23 (the fuel injection amount per unit rotation angle of
the crankshaft).
[0054] In the heat generation rate waveform, for exam-
ple, the combustion of fuel injected in the main injection
is started when the piston 13 is in the vicinity of the com-
pression top dead center (TDC), the heat generation rate
reaches its maximum value (peak value) at a specific
piston position after the compression top dead center of
the piston 13 (e.g., a point 10 degrees after the compres-
sion top dead center (10° ATDC)), and furthermore the

combustion of fuel injected in the main injection ends at
another specific piston position after the compression top
dead center (e.g., a point 25 degrees after the compres-
sion top dead center (25° ATDC)). Executing the com-
bustion of an air-fuel mixture in such a heat generation
rate changing state creates a situation, for example,
where the combustion of 50% of the air-fuel mixture
present in a cylinder is complete at 10 degrees after the
compression top dead center (10° ATDC). In other words,
with a point 10 degrees after the compression top dead
center (10° ATDC) serving as a combustion centroid,
about 50% of the total amount of heat generated in an
expansion stroke is generated no later than 10° ATDC,
and the engine 1 can be operated with high thermal ef-
ficiency.
[0055] In a condition where combustion in accordance
with such an ideal heat generation rate waveform is car-
ried out, sufficient preheating within a cylinder is per-
formed by pilot injection, and due to this preheating, fuel
injected in the main injection undergoes thermal decom-
position by being immediately exposed to a temperature
environment having a temperature higher than or equal
to the self-ignition temperature, and combustion starts
immediately after injection.
[0056] In addition to the aforementioned pilot injection
and main injection, after-injection and post-injection are
performed as necessary. Since the functions of these
types of injection are well known, descriptions are omitted
here.
[0057] The ECU 100 also controls the opening degree
of the EGR valve 81 in accordance with the operating
state of the engine 1 to adjust the amount of exhaust gas
recirculated towards the intake manifold 63 (EGR
amount). The EGR amount is set in accordance with an
EGR map that is created through experimentation and
simulation and stored on the ROM in advance. The EGR
map is a map for determining the EGR amount (EGR
rate) using the engine speed and the engine load as pa-
rameters.
[0058] The fuel injection pressure when executing fuel
injection is determined in accordance with the internal
pressure of the common rail 22. In regard to the internal
pressure of the common rail, normally, the higher the
engine load and the greater the engine speed, the greater
the target value for the pressure of fuel supplied from the
common rail 22 to the injectors 23 (i.e., the target rail
pressure). This target rail pressure is set according to a
fuel pressure setting map stored on, for example, the
ROM. In the present embodiment, the fuel pressure is
adjusted in accordance with the engine load or the like
so as to be between 30 MPa and 200 MPa.
[0059] Also, the ECU 100 determines the amount of
fuel to be injected and the form of fuel injection based on
the engine operating state. Specifically, the ECU 100 cal-
culates the engine speed based on the value sensed by
the crank position sensor 40 and obtains the amount of
accelerator pedal depression (accelerator position)
based on the value sensed by the accelerator position

11 12 



EP 2 778 377 A1

8

5

10

15

20

25

30

35

40

45

50

55

sensor 47, and then determines the total amount of fuel
to be injected (the sum of the injection amount in the pilot
injection and the injection amount in the main injection)
based on the engine speed and the accelerator opening
degree.

- Ignition Delay Control -

[0060] A feature of the present embodiment is ignition
delay control for suitably adjusting the ignition delay pe-
riod of fuel injected in the pilot injection. Hereinbelow, the
ignition delay control will now be described.
[0061] As for an outline of the ignition delay control, a
target ignition delay period calculated based on the op-
erating state of the engine 1 and an actual ignition delay
period (hereinafter referred to as an "estimated ignition
delay period") are compared, and in accordance with
their difference, the nozzle vane opening degree of the
variable nozzle vane mechanism 54 is adjusted. Regard-
ing the nozzle vane opening degree, in the case where
the estimated ignition delay period is shorter than the
target ignition delay period (the ignition delay is small),
the larger the difference, the larger the nozzle vane open-
ing degree is set in order to lower the boost pressure to
extend the ignition delay period, and in contrast, in the
case where the estimated ignition delay period is longer
than the target ignition delay period (the ignition delay is
large), the larger the difference, the smaller the nozzle
vane opening degree is set in order to increase the boost
pressure to shorten the ignition delay period.
[0062] Hereinafter, the ignition delay control will now
be specifically described with reference to the flowchart
of Fig. 7. The procedure of this flowchart is executed
repeatedly every few milliseconds or every time a com-
bustion stroke is performed after the engine 1 is started.
[0063] First, in step ST1, a coolant temperature THW
of the engine 1 is read. The coolant temperature THW is
sensed by the water temperature sensor 46.
[0064] Next, the procedure advances to step ST2, and
an engine speed NE and an engine load QFIN are read.
The engine speed NE is calculated based on the output
signal of the crank position sensor 40. The engine load
QFIN is calculated based on the output signal of the ac-
celerator position sensor 47,and the like.
[0065] In step ST3, using the engine speed NE and
the engine load QFIN, a target ignition delay period Dtrg
is calculated with a specific arithmetic expression (Dtrg
= f(NE, QFIN)). This arithmetic expression is for obtain-
ing, as the target ignition delay period Dtrg, an ignition
delay period in the pilot injection required for performing
ideal combustion, for example, as shown in Fig. 6. It is
obtained through experimentation and simulation in ad-
vance.
[0066] In step ST4, a boost pressure PIM and an intake
gas temperature TIM are read. The boost pressure PIM
is sensed by the intake air pressure sensor 48. The intake
gas temperature TIM is sensed by the intake air temper-
ature sensor 49.

[0067] In step ST5, using the boost pressure PIM and
the intake gas temperature TIM, an intake gas amount
GCYL is calculated with a specific arithmetic expression
(GCYL = g(PIM, TIM)).
[0068] In step ST6, using the engine speed NE and
the engine load QFIN, a pilot injection time AINJP is cal-
culated with a specific arithmetic expression (AINJP =
h(NE, QFIN)).
[0069] In step ST7, using the engine speed NE and
the engine load QFIN, a pilot injection amount qpl is cal-
culated with a specific arithmetic expression (qpl = i(NE,
QFIN)).
[0070] As for the arithmetic expressions of the steps
ST5 to ST7, well known arithmetic expressions may be
used, or arithmetic expressions may be obtained through
experimentation and simulation.
[0071] In step ST8, using the boost pressure PIM, the
intage gas amount GCYL, the coolant temperature THW,
the intage gas temperature TIM, the pilot injection time
AINJP, and the pilot injection amount qpl, an estimated
ignition delay period Dest is calculated with a specific
arithmetic expression (Dest = j(PIM, GCYL, THW, TIM,
AINJP, qpl)). This arithmetic expression is for calculating
the actual ignition delay period of fuel injected in the pilot
injection, and is obtained through experimentation and
simulation in advance.
[0072] After the target ignition delay period Dtrg (step
ST3 above) and the estimated ignition delay period Dest
(step ST8 above) are calculated in the above-described
manner, the procedure advances to step ST9, and a dif-
ference Ddif representing the difference between these
ignition delay periods is calculated. Specifically, the dif-
ference Ddif is obtained by subtracting the estimated ig-
nition delay period Dest from the target ignition delay
period Dtrg (Ddif = Dtrg-Dest). That is, in the case where
the actual ignition delay period (the estimated ignition
delay period Dest) is shorter than a suitable ignition delay
period (the target ignition delay period Dtrg), i.e., com-
bustion of fuel injected in the pilot injection starts too
soon, the difference Ddif is obtained as a large value. In
contrast, in the case where the actual ignition delay pe-
riod (the estimated ignition delay period Dest) is longer
than a suitable ignition delay period (the target ignition
delay period Dtrg), i.e., combustion of fuel injected in the
pilot injection starts too late, the difference Ddif is ob-
tained as a small value.
[0073] After the difference Ddif is calculated in this
manner, the procedure advances to step ST10, and a
proportional term (a proportional term Pvnp = ff(Ddif))
and an integral term (an integral term Pvni = gg(Ddif)) for
obtaining a control value for correcting the opening de-
gree of the nozzle vanes 59 (hereinafter referred to as a
"VN opening degree") are both calculated, and the sum
of the proportional term and the integral term are calcu-
lated as a VN opening degree control value (control value
PVN = Pvnp + Pvni). Arithmetic expressions for obtaining
this proportional term Pvnp and integral term Pvni are
also obtained through experimentation and simulation in
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advance.
[0074] The VN opening degree control value PVN is
obtained as described above, and the VN opening de-
gree is corrected in accordance with this control value in
step ST11. Specifically, in the case where the calculated
difference Ddif is a large value (in the case where the
estimated ignition delay period Dest is shorter than the
target ignition delay period Dtrg), the variable nozzle
vane mechanism 54 is controlled such that the ignition
delay period is long, or the VN opening degree is large.
In contrast, in the case where the calculated difference
Ddif is a small value (in the case where the estimated
ignition delay period Dest is longer than the target ignition
delay period Dtrg), the variable nozzle vane mechanism
54 is controlled such that the ignition delay period is short,
or the VN opening degree is small.
[0075] The above-described operations are repeated,
and thus even when various parameters that affect the
ignition delay period change, the ignition delay period of
fuel injected in the pilot injection can be suitably adjusted,
thus enabling the combustion state of fuel injected in the
main injection to be obtained as an ideal combustion state
(a combustion state with which a heat generation rate
waveform as shown in, for example, Fig. 6 is obtained).
As a result, it is possible to concurrently satisfy demands
such as improving exhaust emissions by suppressing the
amount of NOx generated and the amount of smoke gen-
erated, reducing combustion noises during a combustion
stroke, and ensuring sufficient engine torque.
[0076] Fig. 8 is a diagram showing a change of the
ignition delay period relative to a change of the outside
air temperature when the ignition delay control of the
present embodiment is performed. Fig. 8 shows a case
where A in the diagram is set as a target ignition delay
period. As is clear also from this diagram, in the case
where the ignition delay control of the present embodi-
ment is performed, the ignition delay period is the target
ignition delay period even when the outside air temper-
ature changes, and thus achieving an ideal combustion
state.

(Variation)

[0077] In the above-described embodiment, using the
calculated difference Ddif, both the proportional term
Pvnp and the integral term Pvni for obtaining the control
value PVN to correct the VN opening degree are calcu-
lated. Alternatively, in the present variation, control of the
VN opening degree is performed while taking in consid-
eration that the rate of ignition delay period change is
different relative to the amount of VN opening degree
change in accordance with the opening degree region of
the VN opening degree. A specific description will now
be given below.
[0078] Fig. 9 is a diagram showing a tendency of igni-
tion delay period change in accordance with the opening
degree region of the VN opening degree. Accordingly, in
a region where the VN opening degree is relatively small,

the rate of ignition delay period change relative to the
amount of VN opening degree change is relatively large.
In other words, the extent of the influence of VN opening
degree change on ignition delay period change is large,
and the amount of VN opening degree change necessary
to alter the ignition delay period to the extent of a unit
ignition delay period is small. Accordingly, in a region
where the VN opening degree is relatively large, the rate
of ignition delay period change relative to the amount of
VN opening degree change is relatively small. In other
words, the extent of the influence of VN opening degree
change on ignition delay period change is small, and the
amount of VN opening degree change necessary to alter
the ignition delay period to the extent of a unit ignition
delay period is large.
[0079] While taking this in consideration, in the case
of changing the VN opening degree to correct the ignition
delay period, the amount of VN opening degree change
is calculated in accordance with the current VN opening
degree while taking in consideration the extent of influ-
ence on the change of the ignition delay period. Specif-
ically, the VN opening degree control value PVN obtained
in step ST10 as in the flowchart described for the above-
described embodiment is multiplied by a correction factor
that is in accordance with the current VN opening degree
to correct the VN opening degree control value PVN, and
the VN opening degree is corrected according to the cor-
rected control value PVN. A control value PVN correction
operation is set such that the greater the current VN open-
ing degree, the larger the amount of correction on the
control value PVN (an amount of correction for increasing
a VN opening degree change).
[0080] Thereby, in accordance with the opening de-
gree region of the VN opening degree, a suitable adjust-
ment of an ignition delay period that takes in considera-
tion of characteristics such as the rate of ignition delay
period change is different relative to the amount of VN
opening degree change can be attained highly accurate-
ly.

- Other Embodiments -

[0081] In the embodiment and the variation described
above, a case was described in which the present inven-
tion is applied to an in-line four-cylinder diesel engine
mounted in an automobile. The present invention is not
limited to use in an automobile, and is applicable also to
engines used in other applications. Also, there is no par-
ticular limitation on the number of cylinders or the engine
type (classified as an in-line engine, V engine, horizon-
tally opposed engine, and so forth).
[0082] In the above-described embodiment and varia-
tion, a description was given of a case where the ignition
delay period of fuel injected in the pilot injection is suitably
adjusted. The present invention is not limited thereto, and
is also applicable to a case where the ignition delay period
of fuel injected in the main injection is suitably adjusted
when performing the main injection without performing
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the pilot injection.
[0083] Moreover, the variable capacity mechanism is
not limited to a variable nozzle vane mechanism, and the
present invention is also applicable to well-known various
variable capacity mechanisms.

[Industrial Applicability]

[0084] The present invention can be employed in a
common rail in-cylinder direct injection multi-cylinder die-
sel engine mounted in an automobile to control for a suit-
able adjustment of a fuel ignition delay period.

[Reference Signs List]

[0085]

1 Engine (internal combustion engine)
23 Injector (fuel injection valve)
5 Turbocharger (supercharger)
54 Variable nozzle vane mechanism (variable ca-

pacity mechanism)
59 Nozzle vane
100 ECU

Claims

1. A control apparatus for a compression self-igniting
internal combustion engine including a supercharger
of a variable capacity type having a variable capacity
mechanism,
the control apparatus comprising a control means
that controls the variable capacity mechanism such
that an actual ignition delay period of fuel injected
into a cylinder from a fuel injection valve is brought
close to a target ignition delay period.

2. The control apparatus for an internal combustion en-
gine according to claim 1, wherein
the control means is configured to control the varia-
ble capacity mechanism such that a difference be-
tween ignition delay periods is obtained by subtract-
ing the actual ignition delay period from the target
ignition delay period, and the larger the difference
between ignition delay periods, the longer the actual
ignition delay period.

3. The control apparatus for an internal combustion en-
gine according to claim 1 or 2, wherein
the actual ignition delay period is estimated based
on at least one of boost pressure in an intake system,
amount of intake gas, temperature of intake gas, in-
ternal combustion engine coolant temperature, fuel
injection time, and fuel injection amount, while the
target ignition delay period is set in accordance with
an internal combustion engine operating state.

4. The control apparatus for an internal combustion en-
gine according to claim 1, 2, or 3, wherein
the variable capacity mechanism is a variable nozzle
vane mechanism that adjusts an opening degree of
a plurality of nozzle vanes that can vary a flow path
area of an exhaust gas flow path inside the super-
charger, and
the control means is configured to increase the open-
ing degree of the nozzle vanes such that the larger
a difference between ignition delay periods obtained
by subtracting the actual ignition delay period from
the target ignition delay period, the longer the actual
ignition delay period of fuel.

5. The control apparatus for an internal combustion en-
gine according to any of claims 1 to 4, wherein
as a fuel injection operation from the fuel injection
valve into the cylinder, at least main injection and
auxiliary injection that is performed prior to the main
injection and that contributes to preheating inside
the cylinder can be performed, and
the control means is configured to control the varia-
ble capacity mechanism such that an actual ignition
delay period of fuel injected in the auxiliary injection
is brought close to the target ignition delay period.

6. The control apparatus for an internal combustion en-
gine according to claim 4, wherein
the control means is configured such that, in a case
of controlling an ignition delay period by adjustment
of an opening degree of the nozzle vanes in an open-
ing degree region where the opening degree is rel-
atively large, an amount of nozzle vane opening de-
gree change relative to an amount of unit ignition
delay period change is set so as to be larger than in
a case of controlling an ignition delay period by ad-
justment of an opening degree of the nozzle vanes
in an opening degree region where the opening de-
gree is smaller than in the former opening region.
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