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Description

[Technical Field]

[0001] The present invention relates to a turbocharging
control apparatus that controls the operation of a turbo-
charger mounted on an internal combustion engine.

[Background Art]

[0002] Conventionally, turbochargers that turbocharge
an internal combustion engine using exhaust gas pres-
sure have been widely used. In common turbochargers,
a compressor for compressing incoming air and trans-
ferring the compressed air into cylinders is provided in
an intake passage, and a turbine which rotates upon re-
ceiving exhaust gas pressure is provided in an exhaust
passage. A rotary shaft of the turbine is connected to a
rotary shaft of the compressor, and rotative force of the
turbine is used as drive force for the compressor. By in-
creasing the amount of air using exhaust gas pressure,
the output of an internal combustion engine can be in-
creased without compromising fuel economy perform-
ance.
[0003] On the other hand, techniques to adjust turbo-
charging pressure by controlling the RPM of the turbo-
charger have been known. For example, as described in
Patent Literature 1, there has been the technique that a
bypass passage connects an exhaust passage upstream
of the turbine and an exhaust passage downstream of
the turbine together, and the path over which exhaust
gas is circulated is changed according to the operating
state of the internal combustion engine so as to increase
or decrease turbocharging pressure.
[0004] According to this technique, a wastegate valve
whose degree of opening is changeable is disposed on
the bypass passage, and the degree of opening of the
wastegate valve is controlled according to turbocharging
pressure in the intake passage. When the degree of
opening of the wastegate valve is increased, the flow rate
of exhaust gas detoured around the turbine and dis-
charged from the bypass passage increases, which
causes the RPM of the turbine to decrease. In response
to this, turbocharging pressure generated by the com-
pressor also decreases. When the degree of opening of
the wastegate valve is decreased, the amount of exhaust
gas introduced into the turbine increases, which causes
the RPM of the turbine to increase and causes turbo-
charging pressure to increase, too. Thus, the RPM of the
turbine can be changed by controlling the degree of open-
ing of the wastegate valve, and even if the flow rate and
pressure of exhaust gas from the internal combustion
engine are constant, turbocharging pressure can be
changed.
[0005] Also, as described in Patent Literature 2, there
has also been developed the technique that turbocharg-
ing pressure is controlled to increase and increase not
only by controlling turbocharging pressure using the

wastegate valve but also by assisting driving force of the
compressor using an electric motor. The electric motor
is disposed on, for example, a rotary shaft connecting
the compressor and the turbine together, and configured
to transmit both drive force from the turbine and drive
force from the electric motor to the compressor. While
the RPM of the turbine depends on the circulating state
of exhaust gas, the RPM of the electric motor does not
depend on the circulating state of exhaust gas. Thus, in
a case where drive force from the turbine runs short, sta-
ble turbocharging pressure can be ensured by driving
the electric motor. Also, as described in Patent Literature
3, there has been developed the technique that exhaust
gas is guided upstream of the waste gate valve from a
waste gate passage into an exhaust gas reservoir, where
the exhaust gas is stored under pressure, in order to feed
it subsequently to the turbine inlet to recovery exhaust
gas energy.

[Citation List]

[Patent Literature]

[0006]

[Patent Literature 1] Japanese Laid-Open Patent
Publication (Kokai) No. H09-144575
[Patent Literature 2] Japanese Laid-Open Patent
Publication (Kokai) No. H2008-75549
[Patent Literature 3] European Laid-Open Patent
Publication EP 1 908 937 A1.

[Summary of the Invention]

[Problem to be Solved by the Invention]

[0007] However, in control of the conventional turbo-
charger having the wastegate valve, exhaust gas pres-
sure is discharged downstream of the turbine by opening
the wastegate valve, and hence energy in discharged
exhaust gas cannot be recovered. Namely, that energy
is lost, and there is room for improvement in terms of fuel
economy performance.
[0008] Moreover, in control to turbocharge a vehicle-
mounted internal combustion engine, there may be a
case where high turbocharging pressure is required
when the vehicle is accelerating at startup or running at
low RPM and under high load. On the other hand, in an
operating state where the flow rate and pressure of ex-
haust gas from the internal combustion engine have not
become large to a sufficient degree, high turbocharging
pressure cannot be ensured. In this respect, it may be
considered that turbocharging pressure can be ensured
by attaching the electric motor to the compressor as de-
scribed in Patent Literature 2, but this will make the ap-
paratus configuration complicated and increase manu-
facturing costs.
[0009] The present invention has been made to solve
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the problems described above, and an object of the
present invention is to provide a turbocharging control
apparatus of an internal combustion engine which is ca-
pable of improving energy efficiency using a simple con-
struction.
[0010] It should be understood that obtaining opera-
tional effects resulting from arrangements in an embod-
iment, to be described later, for practicing the invention
and could not be obtained by conventional arts can be
regarded as another object of the present invention.

[Arrangement for Solving the Problem]

[0011]

(1) To attain the above object, the present invention
provides a turbocharging control apparatus that con-
trols operation of a turbocharger having a compres-
sor disposed on an intake passage of an internal
combustion engine and a turbine disposed on an ex-
haust passage of the internal combustion engine,
comprising: a bypass passage that connects an up-
stream side and a downstream side of the turbine in
the exhaust passage together;
and a wastegate valve that is disposed on the bypass
passage and opens and closes the bypass passage
according to turbocharging pressure of the compres-
sor.
The turbocharging control apparatus also has an ac-
cumulator that is connected to a downstream side
of the wastegate valve in the bypass passage, and
accumulates exhaust gas pressure; and a recircula-
tion passage that connects the accumulator and an
upstream side of the turbine; and a recirculation
valve that is disposed on the recirculation passage,
and opens and closes an accumulation passage in
accordance with an output request.
(2) It is preferred that the turbocharging control ap-
paratus has a three-way valve disposed on the by-
pass passage downstream of the turbine, and an
accumulation passage that connects the accumula-
tor and the three-way valve together. In this case, it
is preferred that the three-way valve brings an up-
stream side of the turbine into one of the accumula-
tion passage and a downstream side of the turbine
according to internal pressure of the accumulator.
(3) It is also preferred that the turbocharging control
apparatus has a pilot passage through which internal
pressure of the accumulator is transmitted to the
three-way valve. In this case, it is preferred that when
the internal pressure introduced from the pilot pas-
sage is not less than a predetermined pressure, the
three-way valve brings the upstream side of the tur-
bine into one the downstream side of the turbine,
and when the internal pressure introduced from the
pilot passage is less than a predetermined pressure,
the three-way valve brings the upstream side of the
turbine into the accumulation passage.

(4) It is also preferred that the turbocharging control
apparatus has a check valve disposed on the accu-
mulation passage.
(5) It is also preferred that the turbocharging control
apparatus has a control means for controlling a de-
gree of opening of the recirculation valve. In this
case, it is preferred that when the turbocharging
pressure is less than a predetermine pressure, and
the output request is not less than a predetermined
amount, the control means increases the degree of
opening of the recirculation valve, and when the tur-
bocharging pressure is not less than the predeter-
mine pressure, and the output request is less than
the predetermined amount, the control means de-
creases the degree of opening of the recirculation
valve.

[Effects of the Invention]

[0012] According to the disclosed turbocharging con-
trol apparatus of the internal combustion engine, be-
cause exhaust gas pressure flowing through the bypass
passage accumulated in the accumulator when the
wastegate valve is opened, the exhaust gas pressure
can be reused, and energy loss can be reduced. More-
over, because exhaust gas pressure can be reused, the
output of the internal combustion engine can be in-
creased. In particular, startability and acceleration per-
formance of the vehicle can be improved by reusing ex-
haust gas pressure when high output is required at star-
tup of the vehicle or during low-speed running where
boost pressure is relatively low. Also, exhaust gas per-
formance and engine output can be improved by increas-
ing boost pressure.

(2) Moreover, because the three-way valve is pro-
vided,
the direction in which exhaust gas pressure intro-
duced from the bypass passage into the accumulator
is circulated can be controlled, and the pressure ac-
cumulating function can be added without compro-
mising the functions of the conventional wastegate
valve.
(3) Moreover, because which passages are in com-
munication with each other in the three-way valve
can be changed according to the internal pressure
of the accumulator, exhaust gas pressure can be
reliably accumulated to a predetermined pressure,
and exhaust gas pressure for reuse can be ensured.
(4) Moreover, backflow from the accumulator toward
the three-way valve can be prevented, and exhaust
gas pressure can be reliably accumulated in the ac-
cumulator.
(5) Moreover, because the degree of opening of the
recirculation valve is increased in an operating state
where turbocharging by the turbocharger is insuffi-
cient, engine output appropriate to an output request
can be ensured. As a result, vehicle startability, ex-
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haust gas, and fuel economy can be improved.

[Brief Description of Drawings]

[0013]

[FIG. 1] FIG. 1 is a diagram schematically showing
an overall arrangement of an internal combustion
engine to which a turbocharging control apparatus
according to an embodiment of the present invention
is applied.
[FIG. 2] FIGS. 2(a) and 2(b) are diagrams useful in
explaining how a three-way valve operates, in which
FIG. 2(a) shows a state in which pilot pressure is
less than a predetermined pressure PMAX, and FIG.
2(b) shows a state in which pilot pressure is not less
than the predetermined pressure PMAX.
[FIG. 3] FIG. 3 is a flowchart showing exemplary
control performed by the turbocharging control ap-
paratus according to the present embodiment.

[Mode for Carrying Out the Invention]

[0014] A description will now be given of an embodi-
ment of a turbocharging control apparatus according to
an embodiment of the present invention with reference
to the drawings. However, it should be understood that
the embodiment described below is illustrative only, and
there is no intention to exclude various changes or adop-
tion of techniques not clearly specified in the following
description of the embodiment. Namely, various changes
in or to the present embodiment (for example, the em-
bodiment and variations are combined) may be possible
without departing from the spirits of the present invention.

[1. Apparatus Configuration]

[1-1. Engine]

[0015] The turbocharging control apparatus according
to the present embodiment is applied to a vehicle-mount-
ed engine 10 (internal combustion engine) appearing in
FIG. 1. As indicated by an open arrow in FIG. 1, the en-
gine 10 introduces air (flesh air, EGR gas, or the like)
taken in through an intake passage 12 into cylinders, and
discharges exhaust gas burned in the cylinders to an
exhaust passage 11. The intake passage 12 and the ex-
haust passage 11 are connected to an intake manifold
and an exhaust manifold, not shown, of the engine 10.
[0016] An intake-exhaust system of the engine 10 is
provided with a turbocharger 15 that turbocharges the
engine 10 using pressure of exhaust gas circulated
through the exhaust passage 11. The turbocharger 15,
which is disposed in such a manner as to lie astride both
the intake passage 12 and the exhaust passage 11, has
a compressor 15a that is disposed inside the intake pas-
sage 12, and a turbine 15b disposed in the exhaust pas-
sage 11. A rotary shaft of the compressor 15a is con-

nected to a rotary shaft of the turbine 15b, and their ro-
tation axes correspond to each other.
[0017] The turbine 15b rotates upon receiving pres-
sure of exhaust gas circulated through the exhaust pas-
sage 11, and transmits its rotating force to the compres-
sor 15a. The compressor 15a is a compressor that com-
presses air in the intake passage 12 and sends out the
compressed air downstream, and the air pressurized
here is fed to the cylinders of the engine 10.
[0018] An exhaust catalyst 16 for removing various
components included in exhaust gas is disposed on the
exhaust passage 11. The exhaust catalyst 16 functions
to purify, for example, PM (particulate matter) and com-
ponents such as nitrogen oxides (NOX) and hydrocar-
bons (HC).
[0019] An engine RPM sensor 17 that detects engine
RPM is attached to the engine 10. The engine RPM sen-
sor 17 is a sensor that detects, for example, the angular
velocity of a crankshaft, and outputs a signal indicative
of the angular velocity. An accel position sensor 18 that
detects the amount by which an accel pedal is depressed
(the amount of accel pedal operation) is provided at an
arbitrary location in the vehicle. The amount of accel ped-
al operation is a parameter corresponding to a driver’s
acceleration request, and that is, equivalent to an output
request to the engine 10. Information on the engine RPM
and the amount by which the accel pedal is depressed
detected by the sensors 17 and 18 is transmitted to an
engine control unit 20, to be described later.

[1-2. Turbocharging Control Circuit]

[0020] A bypass passage 1 through which exhaust gas
is circulated so as to bypass the turbine 15b is formed in
the exhaust passage 11. An upstream end of the bypass
passage 1 is connected to an upstream hole 11a located
upstream of the turbine 15b in exhaust flow. On the other
hand, a downstream end of the bypass passage 1 is con-
nected to a downstream hole 11b located downstream
of the turbine 15b in exhaust flow.
[0021] A wastegate valve 2 is also disposed on the
exhaust passage 11. The wastegate valve 2 is a control
valve that controls the bypass passage 1 to open and
close according to downstream pressure (that is, turbo-
charging pressure or turbo pressure) of the compressor
15a. In the example shown in FIG. 1, the wastegate valve
2 is controlled to open and close by a wastegate actuator
13.
[0022] As shown in FIG. 1, the wastegate actuator 13
has the interior thereof partitioned into two chambers by
a diaphragm (film body) elastically fixed in a case via an
elastic member (rubber, spring, or the like). One end of
a turbocharging pressure passage 14 is connected to
one of the two chambers, and the other end of the tur-
bocharging pressure passage 14 is connected to a down-
stream hole 12a located downstream of the compressor
15a in the intake passage 12. Namely, turbocharging
pressure of the compressor 15a is introduced into one
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of the chambers. Thus, the diaphragm of the wastegate
actuator 13 presses the elastic member with pressure
corresponding to the magnitude of turbocharging pres-
sure to shift its position.
[0023] The diaphragm of the wastegate actuator 13
and a valve body of the wastegate valve 2 are connected
together by a link member, and the degree of opening of
the wastegate valve 2 is controlled according to the po-
sition of the diaphragm. Here, the operation of the valve
body of the wastegate valve 2 is set such that as turbo-
charging pressure increases, the degree of opening of
the wastegate valve 2 increases, and as turbocharging
pressure decreases, the degree of opening of the waste-
gate valve 2 decreases. Thus, as turbocharging pressure
increases, the flow rate of exhaust gas in the bypass
passage 1 increases, and as turbocharging pressure de-
creases, the flow rate of exhaust gas in the bypass pas-
sage 1 decreases.
[0024] A three-way valve 3 is disposed downstream of
the wastegate valve 2 in the bypass passage 1, and an
accumulation passage 4 and a pilot passage 7 are con-
nected to the three-way valve 3. In the following descrip-
tion, a section of the bypass passage 1 from the upstream
hole 11a to the wastegate valve 2 will be referred to as
a first bypass passage 1a. Also, a section of the bypass
passage 1 from the wastegate valve 2 to the three-way
valve 3 will be referred to as a second bypass passage
1b, and a section of the bypass passage 1 from the three-
way valve 3 to the downstream hole 11b will be referred
to as a third bypass passage 1c.
[0025] The three-way valve 3 is a direction switching
valve disposed at a location at which three passages
consisting of the second bypass passage 1b, the third
bypass passage 1c, and the accumulation passage 4 are
connected together, and has the function of switching
the direction in which exhaust gas flows according to pilot
pressure introduced from the pilot passage 7. FIS. 2(a)
and 2(b) show typical arrangements of the three-way
valve 3. Here, there is shown the three-way valve 3 com-
prised of a hollow cylindrical body 3a and a cylindrical
ball valve body 3b inserted into the hollow cylindrical body
3a. Three passages consisting of the second bypass pas-
sage 1b, the third bypass passage 1c, and the accumu-
lation passage 4 are connected to the body 3a. A passage
connecting these passages 1b, 1c, and 4 together is
formed through the interior of the ball valve body 3b. The
ball valve body 3b is rotatably inserted into the body 3a,
and flow passages inside the ball valve body 3b are
changed by changing the rotation angle of the ball valve
body 3b according to pilot pressure introduced from the
pilot passage 7.
[0026] It should be noted that the second bypass pas-
sage 1b is a passage into which exhaust gas flows, and
the third bypass passage 1c and the accumulation pas-
sage 4 are passages from which exhaust gas flows.
Namely, the three-way valve 3 functions to bring the sec-
ond bypass passage 1b into communication with one of
the third bypass passage 1c and the accumulation pas-

sage 4.
[0027] The third bypass passage 1c is a passage for
discharging exhaust gas downstream of the turbine 15b,
and the accumulation passage 4 is a passage for sup-
plying exhaust gas to an accumulator 6. Thus, the des-
tination to which exhaust gas having passed through the
wastegate valve 2 flows is determined by the three-way
valve 3.
[0028] The accumulator 6 is an accumulator unit that
has an accumulation chamber in which high-pressure
exhaust gas is accumulated, and an expansion chamber
that expands and contracts according to the internal pres-
sure of the accumulation chamber. In the present em-
bodiment, exhaust gas discharged from the bypass pas-
sage 1 is temporarily accumulated in the accumulator 6,
and when "exhaust pressure release conditions" are sat-
isfied, exhaust gas is released upstream of the turbine
15b of the turbocharger 15, so that energy of exhaust
pressure is regenerated to be used. It should be noted
that the type of the accumulator 6 may be either a piston
type accumulator or a bladder type accumulator
[0029] The pilot passage 7 is a passage for transmitting
internal pressure of the accumulator 6 as pilot pressure
for controlling the three-way valve 3. One end of the pilot
passage 7 is connected to the three-way valve 3, and
the other end of the pilot passage 7 is connected to the
accumulator 6.
[0030] A description will now be given of the relation-
ship between pilot pressure P transmitted via the pilot
passage 7 and the operation of the three-way valve 3.
When the pilot pressure P is less than a predetermined
pressure PMAX, the ball valve body 3b inserted into the
body 3a of the three-way valve 3 is set at a position in-
dicated in FIG. 2(a), and the second bypass passage 1b
and the accumulation passage 4 are brought into com-
munication with each other. At this time, the third bypass
passage 1c is closed.
[0031] On the other hand, when pilot pressure P is not
less than the predetermined pressure PMAX, the ball
valve body 3b is set at a position indicated in FIG. 2(b),
and the second bypass passage 1b and the third bypass
passage 1c are brought into communication with each
other. At this time, the accumulation passage 4 is closed.
It should be noted that a concrete value of the predeter-
mined pressure PMAX may be arbitrarily set within a range
not more than an upper limit to pressure that can be ac-
cumulated in the accumulator 6. As the predetermined
pressure PMAX increases, energy recovered by the ac-
cumulator 6 increases.
[0032] A check valve 5 that prevents backflow of ex-
haust gas is disposed part way along the accumulation
passage 4. The check valve 5 allows circulation of ex-
haust gas from the accumulator 6 side to the three-way
valve 3 side.
[0033] A recirculation passage 8 is formed in a bifur-
cated manner between the check valve 5 and the accu-
mulator 6. The recirculation passage 8 is a passage hav-
ing one end thereof connected to the accumulation pas-
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sage 4 and the other end thereof connected to a second
upstream hole 11c located upstream of the turbine 15b
in the exhaust passage 11. The recirculation passage 8
is a passage for exhaust gas accumulated in the accu-
mulator 6 to be reused.
[0034] A recirculation valve 9 is disposed part way
along the recirculation passage 8. The recirculation valve
9 is an electromagnetic control valve whose degree of
opening is controlled by the engine control unit 20, and
which is opened when the above-mentioned "exhaust
pressure release conditions "are satisfied. In a state
where exhaust pressure is accumulated in the accumu-
lator 6, the passage on the accumulator 6 side of the
recirculation valve 9 is filled with high-pressure exhaust
gas, and hence when the recirculation valve 9 is opened,
exhaust gas is suddenly supplied from the second up-
stream hole 11c into the exhaust passage 11.
[0035] The engine control unit 20 (control means) is
an electronic control unit that controls extensive systems
such as a fuel system, an intake-exhaust system, and a
valve operating system associated with the engine 10,
and configured as an LSI device or an incorporated elec-
tronic device having a microprocessor, a ROM, a RAM,
and so on integrated therein. Examples of objects con-
trolled by the engine control unit 20 include the quantity
of fuel injected from an injector of the engine 10, the in-
jection timing thereof, the valve lift and valve timing of an
intake valve and an exhaust valve, the operating state of
the turbocharger 15, the operating state of various ac-
cessories, the degree of opening of a throttle valve, and
the degree of opening of an EGR valve.
[0036] In the description of the present embodiment,
a detailed description will be given of how the engine
control unit 20 controls the recirculation valve 9 for reus-
ing exhaust gas pressure accumulated in the accumula-
tor 6. Other vehicle-mounted electronic control units and
various sensors such as the engine RPM sensor 17 and
the accel position sensor 18 are connected to the engine
control unit 20 via in-vehicle communication networks
and dedicated communication lines provided in the ve-
hicle. Here, it is determined whether or not the "exhaust
pressure release conditions" are satisfied, and according
to the determination result, the degree of opening of re-
circulation valve 9 is controlled. The "exhaust pressure
release conditions" are that, for example, conditions (1)
and (2) given below are satisfied.

(1) Engine RPM is less than a predetermined value
set in advance (low revolution state).
(2) The amount of increase per unit time in command
fuel injection quantity based on the amount of accel
pedal operation or the like is not less than a prede-
termined amount (acceleration state).

[0037] When both of these conditions (1) and (2) are
satisfied, a control signal is transmitted from the engine
control unit 20 to the recirculation valve 9, causing the
recirculation valve 9 to be opened. On the other hand, at

least one of the above conditions (1) and (2) is not sat-
isfied, the recirculation valve 9 is kept closed.

[2. Flowchart]

[0038] FIG. 3 is a flowchart showing exemplary control
performed by the engine control unit 20.
[0039] In step A10, various information is read into the
engine control unit 20. For example, information on en-
gine RPM detected by the engine RPM sensor 17 and
information on the amount of accel pedal operation de-
tected by the accel position sensor 18 are input to the
engine control unit 20 in this step.
[0040] Then, in step A20, it is determined whether or
not engine RPM is equal to or less than the predeter-
mined value. Here, it is determined whether or not the
condition (1) of the "exhaust pressure release conditions"
is satisfied. When this condition is satisfied, the process
proceeds to step A30, and when this condition is not sat-
isfied, the process proceeds to step A50.
[0041] In the step A10, it is determined whether or not
the amount of increase per unit time in command fuel
injection quantity based on the amount of accel pedal
operation or the like is equal to or more than the prede-
termined amount. Namely, a determination as to an out-
put request is made based on the gradient of increase in
command fuel injection quantity. Here, it is determined
whether or not the condition (2) of the "exhaust pressure
release conditions" is satisfied. When this condition is
satisfied, the process proceeds to step A40, and when
this condition is not satisfied, the process proceeds to
the step A50.
[0042] In the step A40, a control signal is output from
the engine control unit 20 to the recirculation valve 9,
causing the recirculation valve 9 to be opened. As a re-
sult, exhaust pressure accumulated in the accumulator
6 is supplied upstream of the turbine 15b, causing the
RPM of the turbine 15b to temporarily increase. There-
fore, the RPM of the compressor 15a also increases to
temporarily boost turbocharging pressure, and thus tur-
bocharging pressure increases.
[0043] On the other hand, in the step A50, the recircu-
lation valve 9 is kept closed. Thus, unless the "exhaust
pressure release conditions "are satisfied, energy of
pressure accumulate in the accumulator 6 is retained.

[3. Operation]

[3-1. When exhaust pressure is recovered]

[0044] When the internal pressure of the accumulator
6 (that is, pilot pressure P) is less than the predetermined
pressure PMAX, the ball valve body 3b of the three-way
valve 3 is controlled to the position indicated in FIG. 2(a),
and the second bypass passage 1b and the accumulation
passage 4 are brought into communication with each oth-
er. During normal operation of the engine 10 where tur-
bocharging pressure is relatively small, the wastegate
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valve 2 is closed.
[0045] The turbine 15b of the turbocharger 15 rotates
at an RPM corresponding to the flow rate and pressure
of exhaust gas in the exhaust passage 11 to drive the
compressor 15a. Thus, turbocharging pressure in the in-
take passage 12 increases as the RPM of the compressor
15a increases. The turbocharging pressure passes
through the turbocharging pressure passage 14 from
downstream of the compressor 15a to reach the waste-
gate actuator 13.
[0046] When the turbocharging pressure increases,
the wastegate valve 2 is opened, and part of exhaust gas
in the exhaust passage 11 flows downstream of the com-
pressor 15a from the upstream hole 11a via the bypass
passage 1. As a result, the pressure and flow rate of
exhaust gas in the vicinity of the turbine 15b decrease,
and excessive revolution of the turbine 15b is inhibited.
Namely, the RPM of the turbine 15b is inhibited from ex-
cessively increasing, and this prevents the turbocharging
pressure from excessively increasing.
[0047] On the other hand, exhaust gas passing through
the bypass passage 1 is circulated toward the accumu-
lation chamber 4 via the three-way valve 3, and passes
the check valve 5 to be introduced into the accumulator
6. Exhaust gas in the accumulation chamber 4 is pre-
vented from flowing back toward the three-way valve 3
by the check valve 5. Because the recirculation valve 9
on the recirculation passage 8 is controlled to kept closed,
exhaust gas in the accumulation chamber 4 is also pre-
vented from flowing back toward the recirculation pas-
sage 8. Therefore, all exhaust pressure in the accumu-
lation chamber 4 is accumulated in the accumulator 6.
The internal pressure of the accumulator 6 acts on the
ball valve body 3b of the three-way valve 3 via the pilot
passage 7, and when the internal pressure of the accu-
mulator 6 is less than the predetermined pressure PMAX,
the communication state in the three-way valve 3 is un-
changed, and the state illustrated in FIG. 2(a) is main-
tained.
[0048] It should be noted that when turbocharging
pressure decreases due to a change in the operating
state of the engine 10 before the internal pressure of the
accumulator 6 becomes equal to or more than the pre-
determined pressure PMAX (for example, when engine
RPM decreases), the wastegate valve 2 is closed by op-
eration of the wastegate actuator 13, and thus pressure
accumulation is stopped. However, the communication
state in the three-way valve 3 is maintained irrespective
of whether or not the engine 10 is being turbocharged.
Namely, the communication state in the three-way valve
3 is maintained even when the engine 10 is not being
turbocharged, and hence when turbocharging pressure
increases again to open the wastegate valve 2, pressure
accumulation is resumed.

[3-2. When pressure accumulation is completed]

[0049] When the accumulator 6 is filled with exhaust

gas, and the internal pressure of the accumulator 6 be-
comes equal to or more than the predetermined pressure
PMAX, the ball valve body 3b of the three-way valve 3 is
controlled to the position indicated in FIG. 2(b) by pilot
pressure P acting on the three-way valve 3 via the pilot
passage 7, and the second bypass passage 1b and the
third bypass passage 1c are brought into communication
with each other. Namely, the flow of exhaust gas toward
the accumulation passage 4 is interrupted, and farther
pressure accumulation is prohibited.
[0050] When the wastegate valve 2 is opened at this
time, the upstream hole 11a and the downstream hole
11b of the exhaust passage 11 are brought into commu-
nication with each other, and excessive rotation of the
turbine 15b is inhibited. Thus, the state of pressure ac-
cumulation in the accumulator 6 does not inhibit the ex-
haust gas bypassing function of the wastegate valve 2.

[3-3. When exhaust pressure is reused]

[0051] For example, when the accel pedal is suddenly
depressed while the engine 10 is idling, the magnitude
of requested acceleration correspond to the amount by
which the accel pedal is depressed or the like is computed
inside the engine control unit 20, and command fuel in-
jection quantity of the engine 10 is controlled so as to
obtain engine output according to the acceleration re-
quest.
[0052] On the other hand, while the engine 10 is idling,
the displacement of the engine 10 is relatively small, and
exhaust pressure is low. For this reason, the rate of rise
in the RPM of the turbine 15b decreases, and turbocharg-
ing pressure temporarily runs short. In particular, when
load suddenly increases while engine RPM is low (when
required turbocharging pressure suddenly increases),
the shortage of turbocharging pressure increases, the
amount of oxygen associated with in-cylinder combus-
tion runs short, black smoke tends to be generated, and
it becomes difficult to ensure sufficient engine output.
[0053] However, when the "exhaust pressure release
conditions" are satisfied in this operating state, the engine
control unit 20 according to the present embodiment
opens the recirculation valve 9, causing exhaust gas
pressure accumulated in the accumulator 6 to be intro-
duced upstream of the turbine 15b. Namely, when the
engine 10 is in the low-revolution state where it is oper-
ating at a low RPM less than the predetermined value
set in advance, and when the vehicle is in the acceleration
state where the amount of increase per unit time in com-
mand fuel injection quantity based on the amount of accel
pedal operation is not less than the predetermined
amount, exhaust gas accumulated in the accumulator 6
is reused.
[0054] As a result, the rotation speed of the turbine 15b
is momentously increased, and turbocharging pressure
increases. Thus, a sufficient amount of oxygen associ-
ated with in-cylinder combustion can be ensured, gener-
ation of black smoke can be prevented, and engine output
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can be increased.

[4. Effect]

[0055]

(1) As described above, the turbocharging control
apparatus performs control such that exhaust gas
pressure flowing through the bypass passage 1 is
recovered by the accumulator 6 when the wastegate
valve 2 is opened, and as the need arises, the ex-
haust gas pressure is supplied again upstream of
the turbine 15b. This control can reduce energy loss
using a simple construction.
Moreover, output of the engine 10 can be increased
by reusing exhaust gas pressure. In particular, the
startability and acceleration performance of the ve-
hicle can be improved by reusing exhaust gas pres-
sure when high output is required at startup of the
vehicle or during low-speed running where turbo-
charging pressure is relatively low. Also, exhaust gas
performance and engine output can be improved by
increasing turbocharging pressure.
Further, because the pressure of exhaust gas that
is conventionally discharged from the bypass pas-
sage 1 without energy recovery is used to assist the
rotation of the turbocharger 15, energy efficiency can
be improved, and fuel economy performance can be
improved as compared to conventional vehicles. Al-
so, as compared to those which perform turbocharg-
ing assist using an electric motor, the configuration
of the apparatus can be simplified, and satisfactory
turbocharging performance can be maintained while
costs are reduced.
(2) Moreover, the turbocharging control apparatus
described above has the exhaust circuit in which the
accumulation passage 4 is formed to branch off from
the three-way valve 3 disposed on the bypass pas-
sage 1. Thus, the direction in which exhaust gas in-
troduced from the bypass passage 1 into the accu-
mulator 6 is circulated can be easily controlled, and
the pressure accumulating function can be added
without compromising the functions of the conven-
tional wastegate valve 2.
(3) Moreover, the turbocharging control apparatus
described above is provided with the pilot passage
7 through which the internal pressure of the accu-
mulator 6 is transmitted as pilot pressure P for con-
trolling the direction in which exhaust gas is circulat-
ed through the three-way valve 3. Thus, which pas-
sages are in communication with each other in the
three-way valve 3 can be changed according to the
state of pressure accumulation in the accumulator
6, and the internal pressure of the accumulator 6 can
be reliably increased to the predetermined pressure
PMAX.
(4) Moreover, because the check valve 5 is disposed
on the accumulation passage 4, backflow of exhaust

gas from the accumulator 6 toward the three-way
valve 3 can be prevented, and exhaust gas pressure
can be reliably accumulated in the accumulator 6.
It should be noted that even in a case where the
wastegate valve 2 is closed before the internal pres-
sure of the accumulator 6 becomes equal to or more
than the predetermined pressure PMAX (that is, even
in a case where the inflow of exhaust gas from the
accumulation passage 4 is stopped), exhaust gas in
the accumulation passage 4 is prevented from flow-
ing back toward the three-way valve 3 by the check
valve 5. Thus, pressure accumulation in the accu-
mulator 6 should not necessarily be completed by
one operation, but pressure may be accumulated at
a plurality of times.
(5) Moreover, in the turbocharging control apparatus
described above, the "exhaust pressure release con-
ditions" are set as conditions for reusing exhaust gas
pressure accumulated in the accumulator 6. The "ex-
haust pressure release conditions"are conditions for
determining whether or not turbocharging by the tur-
bocharger 15 is possibly insufficient. Thus, by per-
mitting reuse of exhaust gas pressure when turbo-
charging by the turbocharger 15 is possibly insuffi-
cient, engine output appropriate to an output request
can be ensured.

[0056] In particular, accumulated pressure is reused
when an required output suddenly increase while the en-
gage 10 is rotating at low RPM, startability and acceler-
ation performance in low-speed running regions can be
improved to drive feeling and improve exhaust gas and
fuel economy.

[5. Variations]

[0057] Although in the above described embodiment,
the exhaust circuit that mechanically controls the degree
of opening of the wastegate valve 2 according to pressure
(that is, turbocharging pressure) in the exhaust passage
12 downstream of the compressor 15a of the turbocharg-
er 15 is illustrated by an example, the concrete arrange-
ment of the wastegate valve 2, the wastegate actuator
13, and so on are not limited to this.
[0058] For example, by using not only turbocharging
pressure of the compressor 15a (downstream pressure)
but also upstream pressure, the wastegate actuator 13
may control the degree of opening of the wastegate valve
2. Alternatively, the wastegate actuator 13 and the waste-
gate valve 2 of electromagnetic control types may be
used. The turbocharging control apparatus described
above may be applied to any exhaust circuit as long as
it has an arrangement in which a valve is disposed on a
route that enables exhaust gas to bypass the turbine 15b,
and the degree of opening of the valve is controlled to
be open and close according to turbocharging pressure.
[0059] Moreover, although in the above described em-
bodiment, the exhaust circuit in which the three-way
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valve 3 is disposed at a point from which the bypass
passage 1 and the accumulation passage 4 branch off
is illustrated by an example, a flow rate control valve may
be used in place of the three-way valve 3. In this case,
it is only necessary to drive a control spool of the flow
rate control valve such that the flow rate of exhaust to-
ward the third bypass passage 1c is increased as the
internal pressure of the accumulator 5 increases, and the
flow rate of exhaust toward the accumulation passage 4
is increased as the internal pressure of the accumulator
5 decreases.
[0060] Moreover, although in the above described em-
bodiment, the second upstream hole 11c of the exhaust
passage 11 is provided upstream of the turbine 15b, the
efficiency with which turbine RPM is increased can be
improved by devising the position of the second upstream
hole 11c. Specifically, the second upstream hole 11c may
be provided at a position at which exhaust gas jetted from
the second upstream hole 11c abuts on a rotor blade or
vane. This arrangement can further improve turbocharg-
ing efficiency.
[0061] It should be noted that the "exhaust pressure
release conditions"as to which a determination is made
by the engine control unit 20 are not limited to those in
the embodiment described above. For example, the re-
circulation valve 9 may be opened when a shortage of
turbocharging pressure is detected based on a value de-
tected by a pressure senor provided downstream of the
compressor 15a in the intake passage 12. Alternatively,
the recirculation valve 9 may be opened when a control-
led value of fuel injection quantity of the engine 10 sud-
denly increases.
[0062] Further, although in the above described em-
bodiment, exhaust pressure of the turbocharger 15 that
turbocharges the engine 10 using exhaust gas pressure
is recovered, this is not limitative, but exhaust pressure
of electric power-assisted turbocharger, a variable ca-
pacity turbocharger, or the like may be recovered. The
above described turbocharging control apparatus may
be applied to any turbocharger as long as it has at least
the compressor 15a disposed on the intake passage 12
and the turbine 15b disposed on the exhaust passage 11.

[Reference Signs List]

[0063]

1 Bypass passage
2 Wastegate valve
3 Three-way valve
4 Accumulation passage
5 Check valve
6 Accumulator
7 Pilot passage
8 Recirculation passage
9 Recirculation valve
10 Engine
11 Exhaust passage 11a Upstream hole (upstream

side) 11b Downstream hole (downstream side) 11c
Second upstream hole (upstream side)

15 Turbocharger 15a Compressor 15b Turbine
20 Engine control unit (control means)

Claims

1. A turbocharging control apparatus that controls op-
eration of a turbocharger (15) having a compressor
(15a) disposed on an intake passage (12) of an in-
ternal combustion engine (10) and a turbine (15b)
disposed on an exhaust passage (11) of the internal
combustion engine (10), comprising:

a bypass passage (1) that connects an upstream
side and a downstream side of the turbine (15b)
in the exhaust passage (11) together;
a wastegate valve (2) that is disposed on said
bypass passage (1) and opens and closes said
bypass passage (1) according to turbocharging
pressure of the compressor (15a);
an accumulator (6) that is connected to said by-
pass passage (1), and accumulates exhaust gas
pressure;
a recirculation passage (8) that connects said
accumulator (6) and an upstream side of the tur-
bine (15b); and
a recirculation valve (9) that is disposed on said
recirculation passage (8), and opens and closes
an recirculation passage (8) in accordance with
an output request,
characterized in that
the accumulator (6) is connected to a down-
stream side of said wastegate valve (2) in said
bypass passage (1).

2. A turbocharging control apparatus of an internal
combustion engine according to claim 1, comprising:

a three-way valve (3) disposed on said bypass
passage (1) downstream of the turbine (15b);
and
an accumulation passage (4) that connects said
accumulator (6)and said three-way valve (3) to-
gether, wherein said three-way valve (3) brings
an upstream side of the turbine (15b) into one
of said accumulation passage (4) and a down-
stream side of the turbine according to internal
pressure of said accumulator (6).

3. A turbocharging control apparatus of an internal
combustion (10) engine according to claim 2, com-
prising a pilot passage (7) through which internal
pressure of said accumulator (6) is transmitted to
said three-way valve (3),
wherein when the internal pressure introduced from
said pilot passage (7) is not less than a predeter-
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mined pressure, said three-way valve (3) brings the
upstream side of the turbine (15b) into one the down-
stream side of the turbine (15b), and when the inter-
nal pressure introduced from said pilot passage (7)
is less than a predetermined pressure, said three-
way valve (3) brings the upstream side of the turbine
(15b) into said accumulation passage (4).

4. A turbocharging control apparatus of an internal
combustion engine (10) according to claim 2 or 3,
comprising a check valve (5) disposed on said ac-
cumulation passage (4).

5. A turbocharging control apparatus of an internal
combustion engine (10) according to any of claims
1 to 4, comprising control means (20) for controlling
a degree of opening of said recirculation valve (9),
wherein when the turbocharging pressure is less
than a predetermine pressure, and the output re-
quest is not less than a predetermined amount, said
control means (20) increases the degree of opening
of said recirculation valve (9), and when the turbo-
charging pressure is not less than the predetermine
pressure, and the output request is less than the pre-
determined amount, said control means (20) de-
creases the degree of opening of said recirculation
valve (9).

Patentansprüche

1. Turboladesteuervorrichtung, die den Betrieb eines
Turboladers (15) mit einem Kompressor (15a), der
an einem Einlassdurchgang (12) einer Brennkraft-
maschine (10) angeordnet ist, und einer Turbine
(15b), die an einem Auslassdurchgang (11) der
Brennkraftmaschine (10) angeordnet ist, steuert, die
umfasst:

einen Umleitdurchgang (1), der eine Stromauf-
wärtsseite und eine Stromabwärtsseite der Tur-
bine (15b) im Auslassdurchgang (11) miteinan-
der verbindet;
ein Ladedruckbegrenzerventil (2), das am Um-
leitdurchgang (1) angeordnet ist und den Um-
leitdurchgang (1) gemäß einem Turboladedruck
des Kompressors (15a) öffnet und schließt;
einen Druckspeicher (6), der mit dem Umleit-
durchgang (1) verbunden ist und den Abgas-
druck akkumuliert;
einen Rückführungsdurchgang (8), der den
Druckspeicher (6) und eine Stromaufwärtsseite
der Turbine (15b) verbindet; und
ein Rückführungsventil (9), das an dem Rück-
führungsdurchgang (8) angeordnet ist und ei-
nen Rückführungsdurchgang (8) gemäß einer
Ausgabeanforderung öffnet und schließt,
dadurch gekennzeichnet, dass

der Druckspeicher (6) mit einer Stromabwärts-
seite des Ladedruckbegrenzerventils (2) in dem
Umleitdurchgang (1) verbunden ist.

2. Turboladesteuervorrichtung einer Brennkraftma-
schine nach Anspruch 1, die umfasst:

ein Dreiwegeventil (3), das an dem Umleitdurch-
gang (1) stromabwärts der Turbine (15b) ange-
ordnet ist; und
einen Akkumulationsdurchgang (4), der den
Druckspeicher (6) und das Dreiwegeventil (3)
miteinander verbindet, wobei das Dreiwegeven-
til (3) eine Stromaufwärtsseite der Turbine (15b)
in einen des Akkumulationsdurchgangs (4) und
einer Stromabwärtsseite der Turbine gemäß ei-
nem Innendruck des Druckspeichers (6) bringt.

3. Turboladesteuervorrichtung einer Brennkraftma-
schine (10) nach Anspruch 2, mit einem Vorsteuer-
durchgang (7), durch den der Innendruck des Druck-
speichers (6) zum Dreiwegeventil (3) übertragen
wird,
wobei, wenn der Innendruck, der vom Vorsteuer-
durchgang (7) eingeführt wird, nicht geringer ist als
ein vorbestimmter Druck, das Dreiwegeventil (3) die
Stromaufwärtsseite der Turbine (15b) in die Strom-
abwärtsseite der Turbine (15b) bringt, und wenn der
Innendruck, der vom Vorsteuerdurchgang (7) einge-
führt wird, geringer ist als ein vorbestimmter Druck,
das Dreiwegeventil (3) die Stromaufwärtsseite der
Turbine (15b) in den Akkumulationsdurchgang (4)
bringt.

4. Turboladesteuervorrichtung einer Brennkraftma-
schine (10) nach Anspruch 2 oder 3 mit einem Rück-
schlagventil (5), das am Akkumulationsdurchgang
(4) angeordnet ist.

5. Turboladesteuervorrichtung einer Brennkraftma-
schine (10) nach einem der Ansprüche 1 bis 4 mit
einer Steuereinrichtung (20) zum Steuern eines Öff-
nungsgrades des Rückführungsventils (9), wobei,
wenn der Turboladedruck geringer ist als ein vorbe-
stimmter Druck und die Ausgabeanforderung nicht
geringer ist als ein vorbestimmter Betrag, die Steu-
ereinrichtung (20) den Öffnungsgrad des Rückfüh-
rungsventils (9) erhöht, und wenn der Turbolade-
druck nicht geringer ist als der vorbestimmte Druck
und die Ausgabeanforderung geringer ist als der vor-
bestimmte Betrag, die Steuereinrichtung (20) den
Öffnungsgrad des Rückführungsventils (9) verrin-
gert.

Revendications

1. Appareil de commande de turbocompression, qui
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commande le fonctionnement d’un turbocompres-
seur (15), ayant un compresseur (15a), disposé sur
un passage d’admission (12) d’un moteur à combus-
tion interne (10) et une turbine (15b), disposée sur
un passage d’échappement (11) du moteur à com-
bustion interne (10), comprenant :

un passage de dérivation (1), qui relie ensemble
un côté amont et un côté aval de la turbine (15b)
dans le passage d’échappement (11) ;
une soupape de décharge (2), qui est disposée
sur ledit passage de dérivation (1) et ouvre et
ferme ledit passage de dérivation (1) suivant la
pression de suralimentation du compresseur
(15a) ;
un accumulateur (6), qui est relié audit passage
de dérivation (1) et accumule la pression de gaz
d’échappement ;
un passage de recirculation (8), qui relie ledit
accumulateur (6) et un côté amont de la turbine
(15b) et
une soupape de recirculation (9), qui est dispo-
sée sur ledit passage de recirculation (8) et
ouvre et ferme un passage de recirculation (8)
conformément à une demande de sortie,
caractérisé en ce que
l’accumulateur (6) est relié à un côté aval de
ladite soupape de décharge (2) dans ledit pas-
sage de dérivation (1).

2. Appareil de commande de turbocompression d’un
moteur à combustion interne selon la revendication
1, comprenant :

un robinet à trois voies (3), disposé sur ledit pas-
sage de dérivation (1) en aval de la turbine (15b)
et
un passage d’accumulation (4), qui relie ensem-
ble ledit accumulateur (6) et ledit robinet à trois
voies (3), dans lequel ledit robinet à trois voies
(3) amène un côté amont de la turbine (15b)
dans un élément parmi ledit passage d’accumu-
lation (4) et un côté aval de la turbine suivant la
pression interne dudit accumulateur (6).

3. Appareil de commande de turbocompression d’un
moteur à combustion interne (10) selon la revendi-
cation 2, comprenant un passage pilote (7), à travers
lequel la pression interne dudit accumulateur (6) est
transmise audit robinet à trois voies (3),
dans lequel, lorsque la pression interne, introduite
depuis ledit passage pilote (7), n’est pas inférieure
à une pression prédéterminée, ledit robinet à trois
voies (3) amène le côté amont de la turbine (15b)
dans le côté aval de la turbine (15b) et lorsque la
pression interne, introduite depuis ledit passage pi-
lote (7) est inférieure à une pression prédéterminée,
ledit robinet à trois voies (3) amène le côté amont

de la turbine (15b) dans ledit passage d’accumula-
tion (4).

4. Appareil de commande de turbocompression d’un
moteur à combustion interne (10) selon la revendi-
cation 2 ou 3, comprenant un clapet anti-retour (5),
disposé sur ledit passage d’accumulation (4).

5. Appareil de commande de turbocompression d’un
moteur à combustion interne (10) selon l’une quel-
conque des revendications 1 à 4, comprenant un
moyen de commande (20), destiné à commander un
degré d’ouverture de ladite soupape de recirculation
(9),
dans lequel, lorsque la pression de turbocompres-
sion est inférieure à une pression prédéterminée et
que la demande de sortie n’est pas inférieure à une
valeur prédéterminée, ledit moyen de commande
(20) augmente le degré d’ouverture de ladite soupa-
pe de recirculation (9) et, lorsque la pression de tur-
bocompression n’est pas inférieure à la pression pré-
déterminée et que la demande de sortie est inférieu-
re à la valeur prédéterminée, ledit moyen de com-
mande (20) diminue le degré d’ouverture de ladite
soupape de recirculation (9).
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