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CONTROLLING SUPERCHARGING SYSTEM

(57) A supercharging system for an internal combus-
tion engine provided with a plurality of turbochargers in-
cludes: a state-amount detection part configured to de-
tect a state amount related to an operational state of the
internal combustion engine; and a control part configured
to control at least one of an intake flow-passage switching
valve or an exhaust flow-passage switching valve so that
an operation mode transitions from a first operation mode
to a second operation mode if the state amount is at least

a threshold selected corresponding to the state amount
on the basis of a first threshold function, and so that the
operation mode transitions from the second operation
mode to the first operation mode if the state amount is
less than a threshold selected corresponding to the state
amount on the basis of a second threshold function. The
first threshold function and the second threshold function
are set to be different from each other.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a multi-stage
supercharging system of an internal combustion engine
and a method of controlling the supercharging system.

BACKGROUND ART

[0002] A widely-used turbocharger supplies air (super-
charging) to an internal combustion engine with a turbo
compressor coupled to an exhaust turbine by driving the
exhaust turbine with exhaust gas of the internal combus-
tion engine. Further, to improve the supercharging effi-
ciency of the internal combustion engine, in a known two-
stage turbo system, a turbocharger is provided for each
of the high-pressure side and the low-pressure side to
perform two-stage supercharging.
[0003] For instance, Patent Document 1 discloses, for
such a type of two-stage turbo system, performing a
switch control on an exhaust flow passage by executing
a plurality of operation modes selectively in response to
an operational state. Especially in Patent Document 1, a
plurality of valves are disposed in the exhaust flow pas-
sage, and each operation mode controls a different valve.

Citation List

Patent Literature

[0004] Patent Document 1: JP2005-146906A

SUMMARY

Problems to be Solved

[0005] In Patent Document 1 described above, the op-
erational state is determined on the basis of the engine
rotation speed and the fuel injection amount. However,
the engine rotation speed and the fuel injection amount
are difficult to maintain to be strictly constant due to the
characteristics of the engine, and may change more than
a little. Thus, if the operational state is in the vicinity of a
boundary between more than one operation modes, for
instance, the above change may bring about hunting,
which may make the control unstable.
[0006] An object of at least one embodiment of the
present invention is to provide a supercharging system
of an internal combustion engine and a control method
of a supercharging system, whereby a plurality of oper-
ation modes can be switched stably when performing a
switch control on the plurality of operation modes on the
basis of an operational state of the internal combustion
engine.

Solution to the Problems

[0007] (1) A supercharging system for an internal com-
bustion engine according to at least one embodiment of
the present invention comprises: an internal combustion
engine; a plurality of turbochargers configured to be ca-
pable of multi-stage supercharging of intake gas for the
internal combustion engine; a state-amount detection
part configured to detect a state amount related to an
operational state of the internal combustion engine; an
intake flow-passage switching valve configured to be ca-
pable of switching an intake flow passage of the intake
gas of the internal combustion engine; an exhaust flow-
passage switching valve configured to be capable of
switching an exhaust flow passage of exhaust gas of the
internal combustion engine; and a control part configured
to control at least one of the intake flow-passage switch-
ing valve or the exhaust flow-passage switching valve so
that an operation mode transitions from a first operation
mode to a second operation mode, from among a plurality
of operation modes determined in advance correspond-
ing to the operational state, if the state amount is at least
a threshold selected corresponding to the state amount
on the basis of a first threshold function, and so that the
operation mode transitions from the second operation
mode to the first operation mode if the state amount is
less than a threshold selected corresponding to the state
amount on the basis of a second threshold function. The
first threshold function and the second threshold function
are set to be different from each other.
[0008] With the above configuration (1), a threshold
selected corresponding to the state amount on the basis
of the first threshold function which is a reference for tran-
sition from the first operation mode to the second oper-
ation mode, and a threshold selected corresponding to
the state amount on the basis of the second threshold
function which is a reference for transition from the sec-
ond operation mode to a low rotation mode, are set to be
different from each other. With the first threshold function
and the second threshold function having a difference
therebetween, upon transition from one of the second
operation mode and the first operation mode to another,
it is possible to prevent occurrence of hunting caused by
returning transition of the operation mode from the other
one to the previous one due to a change in the state
amount.
[0009] (2) In some embodiments, in the above config-
uration (1), the operational state is determined by a plu-
rality of state amounts.
[0010] With the above configuration (2), in a case
where the operational state of the internal combustion
engine is determined by a plurality of state amounts, it is
possible to prevent hunting effectively, and to switch the
operation modes stably.
[0011] (3) In some embodiments, in the above config-
uration (1) or (2), the plurality of turbochargers compris-
es: a first turbocharger; and a second turbocharger in-
cluding an exhaust turbine disposed downstream of an
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exhaust turbine of the first turbocharger in the exhaust
flow passage.
[0012] With the above configuration (3), it is possible
to achieve the above effect in a multi-stage supercharg-
ing system equipped with the first turbocharger and the
second turbocharger.
[0013] (4) In some embodiments, in the above config-
uration (3), the intake flow passage comprises: an intake
in-line flow passage connected from outside to the inter-
nal combustion engine via a turbo compressor of the first
turbocharger and a turbo compressor of the second tur-
bocharger; and an intake bypass flow passage connect-
ing an outlet side of the turbo compressor of the first
turbocharger and an outlet side of the turbo compressor
of the second turbocharger. The exhaust flow passage
includes: an exhaust in-line flow passage extending from
the internal combustion engine to the outside via the ex-
haust turbine of the second turbocharger and the exhaust
turbine of the first turbocharger; an exhaust first bypass
flow passage connecting an inlet side of the exhaust tur-
bine of the second turbocharger and an inlet side of the
turbine of the first turbocharger; and an exhaust second
bypass flow passage connecting an outlet side of the
exhaust turbine of the second turbocharger and a down-
stream side of a downstream connection point between
the exhaust first bypass flow passage and the exhaust
in-line flow passage. The intake flow-passage switching
valve is a compressor bypass valve disposed in the intake
bypass flow passage. The exhaust switching valve com-
prises an exhaust flow-rate control valve disposed in the
exhaust first bypass flow passage, and a waste gate
valve disposed in the exhaust second bypass flow pas-
sage.
[0014] With the above configuration (4), it is possible
to prevent hunting effectively in a control for transition
between the operation modes by switching the compres-
sor bypass valve being the intake flow-passage switching
valve, the exhaust flow-rate control valve being the ex-
haust switching valve, and the waste gate valve.
[0015] (5) In some embodiments, in the above config-
uration (4), the controller is configured to control the op-
eration mode to be capable of transitioning between: a
first operation mode in which the compressor bypass
valve, the exhaust-flow rate control valve, and the waste
gate valve are controlled to be in a closed state; a second
operation mode in which an opening degree of the com-
pressor bypass valve is controlled while the exhaust flow-
rate control valve and the waste gate valve are controlled
to be in the closed state when the internal combustion
engine is at a high-rotation side compared to the first
operation mode; a third operation mode in which the com-
pressor bypass valve and the exhaust-flow rate control
valve are controlled to be in an open state while the waste
gate valve is controlled to be in the closed state when
the internal combustion engine is at a high-rotation side
compared to the second operation mode; and a fourth
operation mode in which an opening degree of the waste
gate valve is controlled while the compressor bypass

valve and the exhaust flow-rate control valve are control-
led to be in the open state when the internal combustion
engine is at a high-rotation side compared to the third
operation mode.
[0016] With the above configuration (5), it is possible
to prevent hunting effectively in a control for transition
between the first to fourth operation modes in response
to the operational state.
[0017] (6) A method of controlling a supercharging sys-
tem for an internal combustion engine comprising: an
internal combustion engine; a plurality of turbochargers
configured to be capable of multi-stage supercharging of
intake gas for the internal combustion engine; a state-
amount detection part configured to detect a state
amount related to an operational state of the internal com-
bustion engine; an intake flow-passage switching valve
configured to be capable of switching an intake flow pas-
sage of the intake gas of the internal combustion engine;
an exhaust flow-passage switching valve configured to
be capable of switching an exhaust flow passage of ex-
haust gas of the internal combustion engine, according
to at least one embodiment of the present invention, to
solve the above problem, comprises: a state amount de-
tection step of detecting the state amount related to the
operational state of the internal combustion engine with
the state amount detection part; and a control step of
controlling at least one of the intake flow-passage switch-
ing valve or the exhaust flow-passage switching valve so
that an operation mode transitions from a first operation
mode to a second operation mode, from among a plurality
of operation modes determined in advance correspond-
ing to the operational state, if the state amount is at least
a threshold selected corresponding to the state amount
on the basis of a first threshold function, and so that the
operation mode transitions from the second operation
mode to the first operation mode if the state amount is
less than a threshold selected corresponding to the state
amount on the basis of the second threshold function.
The first threshold function and the second threshold
function are set to be different from each other.
[0018] The above configuration (6) can be suitably per-
formed by the above described supercharging system
(including the above various embodiments) of the internal
combustion engine.

Advantageous Effects

[0019] According to at least one embodiment of the
present invention, it is possible to provide a supercharg-
ing system of an internal combustion engine and a control
method of a supercharging system, whereby a plurality
of operation modes can be switched stably when per-
forming a switch control on the plurality of operation
modes on the basis of an operational state of the internal
combustion engine.
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BRIEF DESCRIPTION OF DRAWINGS

[0020]

FIG. 1 is a schematic diagram illustrating an overall
configuration of a supercharging system of an inter-
nal combustion engine system according to an em-
bodiment of the present invention.
FIG. 2 is a graph showing a relationship between an
operational state of an internal combustion engine
and each operation mode.
FIG. 3 is a table of control targets in each operation
mode.
FIG. 4 is a schematic diagram showing the flow path
during the first operation mode in the supercharging
system depicted in FIG. 1.
FIG. 5 is a schematic diagram showing the flow path
during the second operation mode in the supercharg-
ing system depicted in FIG. 1.
FIG. 6 is a schematic diagram showing the flow path
during the third operation mode in the supercharging
system depicted in FIG. 1.
FIG. 7 is a schematic diagram showing the flow path
during the fourth operation mode in the supercharg-
ing system depicted in FIG. 1.
FIG. 8 is a schematic diagram showing relationships
between the operation modes with thresholds for de-
termining transition.
FIG. 9A is a schematic diagram of transition from the
first operation mode to the second operation mode.
FIG. 9B is a schematic diagram of transition from the
second operation mode to the first operation mode.
FIG.10 is an example of a relationship between the
engine rotation speed and the threshold for the in-
jection amount determined by the threshold function.
FIG. 11 is a flowchart of a method for operating steps
of a method of controlling a supercharging system
according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0021] Embodiments of the present invention will now
be described in detail with reference to the accompanying
drawings. It is intended, however, that unless particularly
specified, dimensions, materials, shapes, relative posi-
tions and the like of components described in the em-
bodiments shall be interpreted as illustrative only and not
intended to limit the scope of the present invention.
[0022] For instance, an expression of relative or abso-
lute arrangement such as "in a direction", "along a direc-
tion", "parallel", "orthogonal", "centered", "concentric"
and "coaxial" shall not be construed as indicating only
the arrangement in a strict literal sense, but also includes
a state where the arrangement is relatively displaced by
a tolerance, or by an angle or a distance whereby it is
possible to achieve the same function.
[0023] Further, for instance, an expression of a shape

such as a rectangular shape or a cylindrical shape shall
not be construed as only the geometrically strict shape,
but also includes a shape with unevenness or chamfered
corners within the range in which the same effect can be
achieved.
[0024] On the other hand, an expression such as "com-
prise", "include", "have", "contain" and "constitute" are
not intended to be exclusive of other components.
[0025] FIG. 1 is a schematic diagram illustrating an
overall configuration of a supercharging system (two-
stage turbo system) 2 of an internal combustion engine
1 according to an embodiment of the present invention.
[0026] The internal combustion engine 1 is a four-cyl-
inder diesel engine, for instance. Intake air introduced
from an intake system 4 undergoes compressed ignition
combustion with fuel supplied from a common rail (not
depicted) in a combustion chamber 6, and thereby power
is generated. Exhaust gas produced in the combustion
chamber 6 is discharged outside via an exhaust system 8.
[0027] The supercharging system 2 includes the first
turbocharger 10A and the second turbocharger 10B. The
first turbocharger 10A includes a turbo compressor 12A
and an exhaust turbine 14A. The second turbocharger
10B includes a turbo compressor 12B and an exhaust
turbine 14B. The two turbochargers 10A, 10B are turbo-
chargers having substantially the same turbine capacity.
In an in-line supercharging mode, the first turbocharger
10A on the upstream side of the exhaust flow passage
functions as a high-pressure turbocharger, and the sec-
ond turbocharger 10B on the downstream side of the
exhaust flow passage functions as a low-pressure turbo-
charger.
[0028] The intake system 4 includes an intake in-line
flow passage T1 connected to the internal combustion
engine 1 via the turbo compressor 12A of the first turbo-
charger 10A and the turbo compressor 12B of the second
turbocharger 10B from outside, and an intake bypass
flow passage T2 connecting an outlet side of the turbo
compressor 12A of the first turbocharger 10A and an out-
let side of the turbo compressor 12B of the second tur-
bocharger 10B. Further, a compressor bypass valve V1,
which is an intake flow-passage switching valve, is dis-
posed in the intake bypass flow passage T2. The com-
pressor bypass valve V1 is a proportional control valve
and is configured to be capable of controlling the flow
rate continuously in accordance with the opening degree.
[0029] An inter cooler 16 for cooling supply air com-
pressed and heated by a turbocharger is disposed be-
tween the internal combustion engine 1 and a down-
stream merging point 13 of the intake in-line flow passage
T1 and the intake bypass flow passage T2. Further, an
air cleaner 18 for purifying intake air is disposed in the
vicinity of the inlet of the intake system 4.
[0030] The exhaust system 8 includes an exhaust in-
line flow passage T3 extending from the internal com-
bustion engine 1 to outside via the exhaust turbine 14B
of the second turbocharger 10B and the exhaust turbine
14A of the first turbocharger 10A, an exhaust first bypass
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flow passage T4 connecting an inlet side of the exhaust
turbine 14B of the second turbocharger 10B and an inlet
side of the exhaust turbine 14A of the first turbocharger
10A, and an exhaust second bypass flow passage T5
connecting a downstream side of a downstream connec-
tion point between the exhaust first bypass flow passage
T4 and the exhaust in-line flow passage T3 and the outlet
side of the exhaust turbine 14B of the second turbocharg-
er 10B. Further, an exhaust flow-rate control valve V2 is
disposed in the exhaust first bypass flow passage T4,
and a waste-gate valve V3 is disposed in the exhaust
second bypass flow passage T5. The exhaust flow-rate
control valve V2 and the waste-gate valve V3 are both
an exhaust switching valve and is configured to be ca-
pable of controlling the flow rate continuously in accord-
ance with the opening degree, thus serving as a propor-
tional control valve.
[0031] A noise-canceling muffler 19 is disposed on the
downstream side of a downstream merging point 21 be-
tween the exhaust in-line flow passage T3 and the ex-
haust second bypass flow passage T5, in the exhaust
system 8.
[0032] The supercharging system 1 includes a control-
ler 20, which is a control unit. The controller 20 is a com-
putation processing unit, and includes a computation
processing device such as a microprocessor. The con-
troller 20 is capable of switching the flow passage of the
intake system 4 and the exhaust system 8 by controlling
the compressor bypass valve V1, the exhaust flow-rate
control valve V2, and the waste-gate valve V3 in accord-
ance with the following first to fourth operation modes.
[0033] Specifically, the controller 20 includes, to per-
form the following controls, a state-amount detection part
22 for detecting a state amount related to the operational
state of the internal combustion engine 1, and a control
part 24 for controlling at least one of the intake flow-pas-
sage switch valve or the exhaust flow-passage switch
valve.
[0034] Next, the first to fourth operation modes will be
described in detail. FIG. 2 is a graph showing a relation-
ship between an operational state of the internal com-
bustion engine 1 and each operation mode. FIG. 3 is a
table of control targets in each operation mode. FIGs. 4
to 7 are schematic diagrams showing the flow paths of
the intake system 4 and the exhaust system 8 in the first
to fourth operation modes, respectively.
[0035] In FIGs. 4 to 7, the flow paths to be realized are
shown schematically by shading.
[0036] The controller 20 selectively executes the first
to fourth operation modes in response to the operational
state of the internal combustion engine 1. The operational
state is determined by a plurality of state amounts. In the
example depicted in FIG. 2, in particular, the operational
state is determined by two state amounts, the engine
rotation speed and the fuel injection amount. The first
operation mode is executed in an operational state in
which the engine rotation speed and the fuel injection are
relatively small. With an increase in the engine rotation

speed and the fuel injection amount, the operation mode
shifts to the second to fourth operation modes in order.
[0037] In FIG. 2, the first threshold functions J12, J23,
J34 and the second threshold functions J21, J32, J43 are
the same, respectively, to show the relationship between
the operation modes simply. However, the threshold
functions are set to be different from each other as de-
scribed below (see FIGs. 9A and 9B).
[0038] In the first operation mode, the compressor by-
pass valve V1, the exhaust flow-rate control valve V2,
and the waste-gate valve V3 are all controlled to be in a
closed state (see FIG. 3). At this time, the flow path in
the intake system 4 is configured such that supply air
introduced from outside via an air cleaner 18 flows into
the inter cooler 16 via the turbo compressor 12B of the
turbocharger 10B and the turbo compressor 10A of the
turbocharger 10A, and then flows into the internal com-
bustion engine 2. The flow path in the exhaust system 8
is configured such that exhaust gas from the internal com-
bustion engine 1 flows into the muffler 19 via the exhaust
turbine 14A of the turbocharger 10A and the exhaust tur-
bine 14B of the turbocharger 10B, and then is discharged
to the outside.
[0039] As described above, in the first operation mode,
performed is an in-line supercharging mode in which the
two turbochargers 10A, 10B are connected in series.
[0040] In the second operation mode, while the com-
pressor bypass valve V1 and the waste-gate valve V3
are controlled to be in a closed state, the opening degree
of the exhaust flow-rate control valve V2 is controlled
(see FIG. 3). At this time, as depicted in FIG. 5, while the
flow path in the intake system 4 is similar to that in the
first operation mode, in the flow path in the exhaust sys-
tem 8, the flow rate of exhaust gas is controlled in re-
sponse to the opening degree of the exhaust flow-rate
control valve V2. That is, the flow rate of exhaust gas to
the exhaust turbine 14A of the first turbocharger 10A is
controlled by controlling the opening degree of the ex-
haust flow-rate control valve V2, and thereby the turbine
output is controlled. Exhaust gas that has passed through
the first turbocharger 10A and exhaust gas that has
passed through the exhaust flow-rate control valve V2
merge, and then flow into the exhaust turbine 14B of the
second turbocharger 10B. Exhaust gas having flowed
into the exhaust turbine 14B of the second turbocharger
10B passes through the muffler 19 and is discharged
outside.
[0041] In the third operation mode, while the waste-
gate valve V3 is controlled to be in a closed state, the
compressor bypass valve V1 and the exhaust flow-rate
control valve V2 are controlled to be in an open state
(see FIG. 3). At this time, as depicted in FIG. 6, the flow
path including the compressor bypass valve V1 and the
exhaust flow-rate control valve V2 has a greater flow-
path cross-sectional area than the flow path passing
through the first turbocharger 10A, and thus a great part
of air and exhaust gas flows through the compressor by-
pass valve V1 and the exhaust flow-rate control valve
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V2. Thus, the first turbocharger 10A does not operate
much and is in an idling state.
[0042] In the fourth operation mode, while the com-
pressor bypass valve V1 and the exhaust flow-rate con-
trol valve V2 are controlled to be in an open state, the
opening degree of the waste-gate valve V3 is controlled
(see FIG. 3). A this time, as depicted in FIG. 7, the flow
rate of exhaust gas that flows toward the exhaust turbine
14B of the second turbocharger 10B is controlled de-
pending on the control of the waste-gate valve V3, and
thus the output of the second turbocharger 10B is con-
trolled.
[0043] Next, the transition between the above de-
scribed operation modes will be described with reference
to FIGs. 8 to 10. FIG. 8 is a schematic diagram showing
relationships between the operation modes with thresh-
olds for transition determination. FIG. 9A is a schematic
diagram of transition from the first operation mode to the
second operation mode. FIG. 9B is a schematic diagram
of transition from the second operation mode to the first
operation mode. FIG .10 is an example of a relationship
between the engine rotation speed and the threshold for
the injection amount determined by the threshold func-
tion.
[0044] As described above, the operation mode shifts
from the first to fourth operation modes with an increase
in the engine rotation speed and the fuel injection amount
that define the operational state. As depicted in FIG. 8,
an operation mode is shifted to the next operation mode
by comparing a state amount that defines the operational
state to a threshold for transition determination. The
threshold for transition determination is prepared so as
to be set on the basis of the first threshold functions J12,
J23, J34 used for transition determination from the first
operation mode to the second operation mode, and the
second threshold functions J21, J32, J43 used for transition
determination from the second operation mode to the
first operation mode, from among two adjacent operation
modes.
[0045] The first threshold functions J12, J23, J34, and
the second threshold functions J21, J32, J43 may be stored
in a storage device such as a memory so as to be read-
able for the above controls when needed. In this case,
the first threshold functions J12, J23, J34, and the second
threshold functions J21, J32, J43 are determined as, for
instance, a function of a relationship between the engine
rotation speed and the threshold for fuel injection amount.
For instance, in an example of the threshold functions
depicted in FIG. 10, a threshold for fuel injection amount
corresponding to an actual measurement value of the
engine rotation speed is selected.
[0046] For instance, as a threshold for transition deter-
mination between the first operation mode and the sec-
ond operation mode, prepared are the first threshold
function J12 used for transition determination from the
first operation mode to the second operation mode and
the second threshold function J21 used for transition de-
termination from the second operation mode to the first

operation mode, and the threshold for fuel injection cor-
responding to an actual measurement value of the engine
rotation speed is selected for each function. Furthermore,
as a threshold for transition determination between the
second operation mode and the third operation mode,
prepared are the first threshold function J23 used for tran-
sition determination from the second operation mode to
the third operation mode and the second threshold func-
tion J32 used for transition determination from the third
operation mode to the second operation mode, and the
threshold for fuel injection corresponding to an actual
measurement value of the engine rotation speed is se-
lected for each function. Furthermore, as a threshold for
transition determination between the third operation
mode and the fourth operation mode, prepared are the
first threshold function J34 used for transition determina-
tion from the third operation mode to the fourth operation
mode and the second threshold function J43 used for tran-
sition determination from the fourth operation mode to
the third operation mode, and the threshold for fuel in-
jection corresponding to an actual measurement value
of the engine rotation speed is selected for each function.
[0047] As depicted in FIG. 9A, when the operational
state of the internal combustion engine 1 changes from
P1 (engine rotation speed R1, fuel injection amount F1)
to P2 (engine rotation speed R2, fuel injection amount
F2), and thereby the state amount becomes equal to or
greater than a threshold set on the basis of the first thresh-
old function J12, the operation mode shifts from the first
operation mode to the second operation mode. The op-
erational state (i.e., engine rotation speed and fuel injec-
tion amount) of the internal combustion engine 1 includes
a fluctuation component to some extent. Thus, assuming
that an actual measurement value of a particular engine
rotation speed is obtained, if the threshold set on the
basis of the second threshold function J21 is equal to the
threshold set on the basis of the first threshold function
J12, P2 being sufficiently close to the threshold set on the
basis of the first threshold function J12 may cause the
operation mode to return to the first operation mode due
to the fluctuation component, which may lead to occur-
rence of hunting.
[0048] Thus, in the present embodiment, as depicted
in FIG. 9B, if an actual measurement value of a specific
engine rotation speed is obtained, the threshold set on
the basis of the second threshold function J21 is set to
be smaller than the threshold set on the basis of the first
threshold function J12, so that the first threshold function
J12 and the second threshold function J21 are different
from each other. Accordingly, it is possible to prevent
hunting even if the operational state (i.e., engine rotation
speed and fuel injection amount) of the internal combus-
tion engine 1 includes a fluctuation component.
[0049] Further, as depicted in FIG. 9B, when the op-
erational state of the internal combustion engine 1 chang-
es from P2 (engine rotation speed R2, fuel injection
amount F2) to P3 (engine rotation speed R3, fuel injection
amount F3), and thereby the actual measurement value
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of the fuel injection amount becomes less than a thresh-
old set on the basis of the second threshold function J21,
the operation mode shifts from the second operation
mode to the first operation mode. Also in this case, since
the first threshold function J12 is set to be different from
the second threshold function J21, it is possible to prevent
hunting even if the operational state (i.e., engine rotation
speed and fuel injection amount) of the internal combus-
tion engine 1 includes a fluctuation component.
[0050] While the transition between the first operation
mode and the second operation mode is described as
an example in FIGs. 9A and 9B, the first threshold func-
tions J23, J24 and the second threshold functions J32, J43
are also set to be different for the transition between the
second operation mode and the third operation mode
and for the transition between the third operation mode
and the fourth operation mode, and thereby hunting is
effectively prevented.
[0051] Next, a method of controlling the supercharging
system 2 having the above configuration will be de-
scribed in detail. FIG. 11 is a flowchart of a method for
operating steps of a method of controlling the super-
charging system 2 according to an embodiment of the
present invention.
[0052] The state amount-detection part 22 detects a
state amount related to the operational state of the inter-
nal combustion engine 1 (step S1). In the present em-
bodiment, the state-amount detection part 22 obtains an
engine rotation speed and a fuel injection amount as a
state amount.
[0053] The engine rotation speed is obtained from a
rotation-speed sensor disposed in the internal combus-
tion engine 1, for instance, and the fuel injection amount
is obtained on the basis of a control signal transmitted to
a fuel supply device (not depicted) of the internal com-
bustion engine 1.
[0054] Subsequently, the control part 24 obtains a pre-
stored relationship (see FIG. 2) between an operational
state and an operation mode from a non-depicted storage
device such as a memory (step S2). On the basis of the
state amount detected in step S1, it is specified which of
the first to fourth operation modes is the current operation
mode (step S3).
[0055] Next, the control part 24 monitors the operation-
al state (step S4), and compares the magnitude of the
first threshold and the second threshold corresponding
to the operation mode, thereby determining whether the
condition for transition is satisfied (step S5). As a result,
if the condition for transition is satisfied (step S5: YES),
transition to an operation mode corresponding to the con-
dition is executed (step S6).
[0056] If the condition for transition is not satisfied (step
S5: NO), transition of the operation mode is not per-
formed, and the process returns (RETURN).
[0057] Next, transition depicted in FIG. 9A, from the
first operation mode to the second operation mode, will
be described in detail. The control part 24 obtains the
first threshold function J12, and the transition is executed

if an actual measurement value of the fuel injection
amount is greater than a threshold selected correspond-
ing to the actual measurement value of the engine rota-
tion speed on the basis of the first threshold function J12.
At this time, the second threshold function J21 is set to
be different from the first threshold function J12, and thus
hunting does not occur. Next, transition depicted in FIG.
9B, from the second operation mode to the first operation
mode, will be described in detail. The control part 24 ob-
tains the second threshold function J21, and the transition
is executed if a state amount is smaller than a threshold
selected corresponding to the actual measurement value
of the engine rotation speed on the basis of the second
threshold function J21. At this time, the second threshold
function J21 is set to be different from the first threshold
function J12, and thus hunting does not occur.
[0058] In the case of FIG. 9A in the above embodiment,
transition may be executed when the state amount con-
tinues to be greater than the threshold selected corre-
sponding to the actual measurement value of the engine
rotation speed on the basis of the threshold function J12
for a predetermined period or longer. If the state amount
is continuously greater than the threshold function J12,
transition is executed, determining that condition for tran-
sition is clearly satisfied, even though there is an influ-
ence of fluctuation due to hunting. Similarly, in the case
of FIG. 9B, transition may be executed when the state
amount continues to be smaller than the threshold se-
lected corresponding to the actual measurement value
of the engine rotation speed on the basis of the threshold
function J21 for a predetermined period or longer.
[0059] The predetermined period used for determina-
tion in this case should be set to be sufficiently longer
than the fluctuation period due to hunting.
[0060] As described above, according to the present
invention, it is possible to provide a supercharging sys-
tem of an internal combustion engine and a control meth-
od of a supercharging system, whereby a plurality of op-
eration modes can be switched stably when performing
a switch control on the plurality of operation modes on
the basis of an operational state of the internal combus-
tion engine 1.

Industrial Applicability

[0061] The present disclosure can be suitably applied
to a supercharging system of an internal combustion en-
gine and a method of controlling the supercharging sys-
tem.

Description of Reference Numerals

[0062]

1 Supercharging system
2 Internal combustion engine (engine)
4 Intake system
6 Combustion chamber

11 12 
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8 Exhaust system
10A High-pressure side turbocharger
10B Low-pressure side turbocharger
12A High-pressure side turbo compressor
12B Low-pressure side turbo compressor
13 Merging point
14A High-pressure side exhaust turbine
14B Low-pressure side exhaust turbine
16 Inter cooler
18 Air cleaner

19 Muffler
20 Controller
21 Merging point
22 State amount detection part
24 Control part

Claims

1. A supercharging system for an internal combustion
engine, comprising:

an internal combustion engine;
a plurality of turbochargers configured to be ca-
pable of multi-stage supercharging of intake gas
for the internal combustion engine;
a state-amount detection part configured to de-
tect a state amount related to an operational
state of the internal combustion engine;
an intake flow-passage switching valve config-
ured to be capable of switching an intake flow
passage of the intake gas of the internal com-
bustion engine;
an exhaust flow-passage switching valve con-
figured to be capable of switching an exhaust
flow passage of exhaust gas of the internal com-
bustion engine; and
a control part configured to control at least one
of the intake flow-passage switching valve or the
exhaust flow-passage switching valve so that an
operation mode transitions from a first operation
mode to a second operation mode, from among
a plurality of operation modes determined in ad-
vance corresponding to the operational state, if
the state amount is at least a threshold selected
corresponding to the state amount on the basis
of a first threshold function, and so that the op-
eration mode transitions from the second oper-
ation mode to the first operation mode if the state
amount is less than a threshold selected corre-
sponding to the state amount on the basis of a
second threshold function,
wherein the first threshold function and the sec-
ond threshold function are set to be different
from each other.

2. The supercharging system for an internal combus-

tion engine according to claim 1, wherein the oper-
ational state is determined by a plurality of state
amounts.

3. The supercharging system for an internal combus-
tion engine according to claim 1 or 2,
wherein the plurality of turbochargers comprises:

a first turbocharger; and
a second turbocharger including an exhaust tur-
bine disposed downstream of an exhaust tur-
bine of the first turbocharger in the exhaust flow
passage.

4. The supercharging system for an internal combus-
tion engine according to claim 3,
wherein the intake flow passage comprises:

an intake in-line flow passage connected from
outside to the internal combustion engine via a
turbo compressor of the first turbocharger and
a turbo compressor of the second turbocharger;
and
an intake bypass flow passage connecting an
outlet side of the turbo compressor of the first
turbocharger and an outlet side of the turbo com-
pressor of the second turbocharger,

wherein the exhaust flow passage includes:

an exhaust in-line flow passage extending from
the internal combustion engine to the outside
via the exhaust turbine of the second turbo-
charger and the exhaust turbine of the first tur-
bocharger;
an exhaust first bypass flow passage connecting
an inlet side of the exhaust turbine of the second
turbocharger and an inlet side of the turbine of
the first turbocharger; and
an exhaust second bypass flow passage con-
necting an outlet side of the exhaust turbine of
the second turbocharger and a downstream side
of a downstream connection point between the
exhaust first bypass flow passage and the ex-
haust in-line flow passage,

wherein the intake flow-passage switching valve is
a compressor bypass valve disposed in the intake
bypass flow passage, and
wherein the exhaust switching valve comprises an
exhaust flow-rate control valve disposed in the ex-
haust first bypass flow passage, and a waste gate
valve disposed in the exhaust second bypass flow
passage.

5. The supercharging system for an internal combus-
tion engine according to claim 4,
wherein the controller is configured to control the op-
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eration mode to be capable of transitioning between:

a first operation mode in which the compressor
bypass valve, the exhaust-flow rate control
valve, and the waste gate valve are controlled
to be in a closed state;
a second operation mode in which an opening
degree of the compressor bypass valve is con-
trolled while the exhaust flow-rate control valve
and the waste gate valve are controlled to be in
the closed state when the internal combustion
engine is at a high-rotation side compared to the
first operation mode;
a third operation mode in which the compressor
bypass valve and the exhaust-flow rate control
valve are controlled to be in an open state while
the waste gate valve is controlled to be in the
closed state when the internal combustion en-
gine is at a high-rotation side compared to the
second operation mode; and
a fourth operation mode in which an opening
degree of the waste gate valve is controlled
while the compressor bypass valve and the ex-
haust flow-rate control valve are controlled to be
in the open state when the internal combustion
engine is at a high-rotation side compared to the
third operation mode.

6. A method of controlling a supercharging system for
an internal combustion engine comprising:

an internal combustion engine;
a plurality of turbochargers configured to be ca-
pable of multi-stage supercharging of intake gas
for the internal combustion engine;
a state-amount detection part configured to de-
tect a state amount related to an operational
state of the internal combustion engine;
an intake flow-passage switching valve config-
ured to be capable of switching an intake flow
passage of the intake gas of the internal com-
bustion engine;
an exhaust flow-passage switching valve con-
figured to be capable of switching an exhaust
flow passage of exhaust gas of the internal com-
bustion engine,
the method comprising:

a state amount detection step of detecting
the state amount related to the operational
state of the internal combustion engine with
the state amount detection part; and
a control step of controlling at least one of
the intake flow-passage switching valve or
the exhaust flow-passage switching valve
so that an operation mode transitions from
a first operation mode to a second operation
mode, from among a plurality of operation

modes determined in advance correspond-
ing to the operational state, if the state
amount is at least a threshold selected cor-
responding to the state amount on the basis
of a first threshold function, and so that the
operation mode transitions from the second
operation mode to the first operation mode
if the state amount is less than a threshold
selected corresponding to the state amount
on the basis of the second threshold func-
tion,
wherein the first threshold function and the
second threshold function are set to be dif-
ferent from each other.

Amended claims under Art. 19.1 PCT

1. A supercharging system for an internal combustion
engine, comprising:

an internal combustion engine;
a plurality of turbochargers configured to be ca-
pable of multi-stage supercharging of intake gas
for the internal combustion engine;
a state-amount detection part configured to de-
tect a state amount related to an operational
state of the internal combustion engine;
an intake flow-passage switching valve config-
ured to be capable of switching an intake flow
passage of the intake gas of the internal com-
bustion engine;
an exhaust flow-passage switching valve con-
figured to be capable of switching an exhaust
flow passage of exhaust gas of the internal com-
bustion engine; and
a control part configured to control at least one
of the intake flow-passage switching valve or the
exhaust flow-passage switching valve so that an
operation mode transitions from a first operation
mode to a second operation mode, from among
a plurality of operation modes determined in ad-
vance corresponding to the operational state, if
the state amount is at least a threshold selected
corresponding to the state amount on the basis
of a first threshold function, and so that the op-
eration mode transitions from the second oper-
ation mode to the first operation mode if the state
amount is less than a threshold selected corre-
sponding to the state amount on the basis of the
second threshold function,
wherein the plurality of turbochargers compris-
es:

a first turbocharger; and
a second turbocharger including an exhaust
turbine disposed downstream of an exhaust
turbine of the first turbocharger in the ex-
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haust flow passage, and
wherein the first threshold function and the
second threshold function are set to be dif-
ferent from each other.

2. The supercharging system for an internal combus-
tion engine according to claim 1, wherein the oper-
ational state is determined by a plurality of state
amounts.

3. The supercharging system for an internal combus-
tion engine according to claim 1 oar 2,
wherein the intake flow passage comprises:

an intake in-line flow passage connected from
outside to the internal combustion engine via a
turbo compressor of the first turbocharger and
a turbo compressor of the second turbocharger;
and
an intake bypass flow passage connecting an
outlet side of the turbo compressor of the first
turbocharger and an outlet side of second turbo
compressor of the second turbocharger,

wherein the exhaust flow passage includes:

an exhaust in-line flow passage extending from
the internal combustion engine to the outside
via the exhaust turbine of the second turbo-
charger and the exhaust turbine of the first tur-
bocharger;
an exhaust first bypass flow passage connecting
an inlet side of the exhaust turbine of the second
turbocharger and an inlet side of the turbine of
the first turbocharger; and
an exhaust second bypass flow passage con-
necting an outlet side of the exhaust turbine of
the second turbocharger and a downstream side
of a downstream connection point between the
exhaust first bypass flow passage and the ex-
haust in-line flow passage,

wherein the intake flow-passage switching valve is
a compressor bypass valve disposed in the intake
bypass flow passage, and
wherein the exhaust flow passage switching valve
comprises an exhaust flow-rate control valve dis-
posed in the exhaust first bypass flow passage, and
a waste gate valve disposed in the exhaust second
bypass flow passage.

4. The supercharging system for an internal combus-
tion engine according to any one of claims 1, 2, or 3,
wherein the controller is configured to control the op-
eration mode to be capable of transitioning between:

a first operation mode in which the compressor
bypass valve, the exhaust-flow rate control

valve, and the waste gate valve are controlled
to be in a closed state;
a second operation mode in which an opening
degree of the compressor bypass valve is con-
trolled while the exhaust flow-rate control valve
and the waste gate valve are controlled to be in
the closed state when the internal combustion
engine is at a high-rotation side compared to the
first operation mode;
a third operation mode in which the compressor
bypass valve and the exhaust-flow rate control
valve are controlled to be in an open state while
the waste gate valve is controlled to be in the
closed state when the internal combustion en-
gine is at a high-rotation side compared to the
second operation mode; and
a fourth operation mode in which an opening
degree of the waste gate valve is controlled
while the compressor bypass valve and the ex-
haust flow-rate control valve are controlled to be
in the open state when the internal combustion
engine is at a high-rotation side compared to the
third operation mode.

5. A method of controlling a supercharging system for
an internal combustion engine comprising:

an internal combustion engine;
a plurality of turbochargers configured to be ca-
pable of multi-stage supercharging of intake gas
for the internal combustion engine;
a state-amount detection part configured to de-
tect a state amount related to an operational
state of the internal combustion engine;
an intake flow-passage switching valve config-
ured to be capable of switching an intake flow
passage of the intake gas of the internal com-
bustion engine;
an exhaust flow-passage switching valve con-
figured to be capable of switching an exhaust
flow passage of exhaust gas of the internal com-
bustion engine,
the plurality of turbochargers comprising:

a first turbocharger; and
a second turbocharger including an exhaust
turbine disposed downstream of an exhaust
turbine of the first turbocharger in the ex-
haust flow passage,
the method comprising:

a state amount detection step of detecting the
state amount related to the operational state of
the internal combustion engine with the state
amount detection part; and
a control step of controlling at least one of the
intake flow-passage switching valve or the ex-
haust flow-passage switching valve so that an
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operation mode transitions from a first operation
mode to a second operation mode, from among
a plurality of operation modes determined in ad-
vance corresponding to the operational state, if
the state amount is at least a threshold selected
corresponding to the state amount on the basis
of a first threshold function, and so that the op-
eration mode transitions from the second oper-
ation mode to the first operation mode if the state
amount is less than a threshold selected corre-
sponding to the state amount on the basis of the
second threshold function,
wherein the first threshold function and the sec-
ond threshold function are set to be different
from each other.

Statement under Art. 19.1 PCT

Informal Comments
In the amended claim 1, the limitation of the original

claim 3 is incorporated into the original claim 1, thereby
specifically limiting the present invention to two-stage su-
percharging.

The International Search Report denies the inventive
step of the original claim 1 in light of the combination of
Patent Documents 1 to 3. Patent Document 2 discloses
preventing hunting between a single turbo mode and a
twin turbo mode by differentiating determination lines for
different transition directions upon transition between the
turbo modes. Although this technical idea may have
some features in common with the present invention, the
twin turbo system in Patent Document 2 has two turbos
connected in parallel for an engine. Thus, the basic struc-
ture of Patent Document 2 is different from that of the
present invention, in which the turbos are disposed in
two stages on upstream and downstream of the engine.

Accordingly, Patent Document 2 has a different basic
structure from other documents, and thus it would not be
easy to arrive at the amended claim 1 by combining these
documents. Further, an object/effect of the amended
claim 1 is to prevent hunting in a two stage turbo, and
thus a person skilled in the art would not easily arrive at
the present invention.
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