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C 2002 DEVI CE FOR CONTROLLI NG FUEL | NJECTI
m ROLLI NG FUEL | NJECTI ON QUANTITY F 1@@%@1
D WTH TURBOCHARGER Fi el d of the Invehtion The
present inventioff*®ates to technol ogy for controlling a fuel injection
gquantity for an internal conbustion engine equi pped with a turbocharger.
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tur bocharger having a waste gate valve for controlling the supergﬁ%rged
pressure as disclosed in Japanese Unexam ned Patent Publication No.

10-fi 83RiIdTdethe fnvéhBonaste gate valve is disposed in a passage bypassing
a turbine of the turbocharger, and is opened to rel ease the pressure when

the supercharged pressure becones excessive, so that the supercharged
|0regsu[1 els cwpbr résadnaﬁnw??ﬁbhomatﬁ mngcHriogngOforblebnmllin aa fuel
turbochar.ger. of el ectronically. controlled variable nozzle t or
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becone sive, causing a damage to the internal conbustion engine.
Therefore, a fait-safe mechani smequipped with a relief valve has been
proposed) for reducing the supercharged pressure by releasing an intake air

into thBa@R@Fo@hB Afen the supercharged pressure exceeds the allowable
upper limt;. r 2 ~ 7 oEC zooz

There has been known an internal combustion engine equipped
with a turbocharger having a waste gate valve for controlling the
supercharged pressure as disclosed in Japanese Unexamined Patent
Pablication No. 10-68327. That is, the waste gate valve is disposed in a
passage bypassing a turbine of the turbocharger, and is opened to
release the pressure when the supercharged pressure becomes
excessive, so that the supercharged pressure is controlled at an
allowable upper limit or below. In a turbocharger of electronically
controlled variable nozzle type for controlling the supercharged pressure
using a variable vane incorporated therein, an actuator that opens or
closes the vane is controlled to control the supercharged pressure at the
allowable upper limit or below.

When the waste gate valve or the actuator is failed due to fixing,
however, the supercharged pressure is likely to exceed the allowable
upper limit to become excessive, causing a damage to the internal
combustion engine. Therefore, a fail-safe mechanism equipped with a
relief valve has been proposed, for reducing the supercharged pressure
by releasing an intake air into the open air when the supercharged
pressure exceeds the allowable upper limit,.

QU

*G00002*




'However, the relief valve is a fail-safe mechani smwhich operates only when
the waste gate valve or the like is faled, and is, at present, r7

expensi ve conponent which should be abolished if there is avail aﬁ e%ﬁ ?002
ot her alternative neans fromthe standpoint of fierce cost conpetition o
present days. In view o. the above-nentioned conventional problens, it is
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Di scl osp;@gecp.ft ddys.I nvention In order to acconplish the above-mentioned
object, a device for controlling a fuel injection quantity for an internal

conbustion engine with a tutbocharger according to the present invention)
conpri ses: fdnl view] otighenabovesmentioned ocomveniohat prbbrllemsa ieisham sm
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is fail n con rreans ror contro

i nj ect iUAPYakEt ayen lfraepmwﬁeea mﬁetrnemﬁ gaghanigoute faijeds normal tine or
upon the conputed fuel injection quantity of failed time. On the other
hand, a rrethod of controlllng a fuel injection quantity for an internal

conbustRigs! Qsifienef e dnyentiohochar ger according to the present invention,
conprises: a fal | ure Judgrrent step of judgi ng whether or a nechani sm for

Fusl injectidn UAEE 1PyACORMAIISTy 136 ooy uBRRUoneY otiet #riekbeolr
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failed tinme éaﬂhkerjuuganenhenéaas forj prddiog wieether yoonatoa nmlechardsbrased
upon B AiBfinGRE SUoldtBnERREL ‘BB sRE sifailbly; ] udged that the adjustment
normal time fuel injection quantity computing means for computing
a fuel injection quantity of normal time based upon the engine operation
condition when it is judged that the adjustment mechanism is not failed;
failed time fuel injection quantity computing means for computing
a fuel injection quantity of failed time smaller than the fuel injection
quantity of normal time based upon the engine operation condition when
it is judged that the adjustment mechanism is failed; and
fuel injection control means for controlling the fuel injection based
upon the computed fuel injection quantity of normal time or upon the
computed fuel injection quantity of failed time.

On the other hand, a method of controliing a fuel injection
quantity for an internal combustion engine with a turbocharger according
to the present invention, comprises:

a failure judgment step of judging whether or a mechanism for



'‘a’fuel injection control step of controlling a fuel injection based

upon
the conputed fuel injection quantity of normal tine or upon the1c?)r@€?[é(2002
fuel injection quantity of failed time. According to this constitution,

when the nechanism for adjusting the supercharged pressure is not failed,
the fuel injection quantity is controlled based upon the fuel injection
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I njection quantity conputing nmeans for conputing a first 4 17 DEC 2002

fuel injection quantity of when an accelerator is fully opened based upon
the engi ne opteeRnddRgcEndnis sanstiteiden, When itheeBiadhianisantiof adiuSHind ng

means fipe gopRYEhAEyEd SEFENSLiIfe s hot Falied) fHEITUS! VinjalibR quaMity hes fuel
I nj ection quan Iﬁi’}éOf nornmal tinme a\se,d_u on the engi he operatlgn,
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I nj ectlondgﬁémtlt\é as thg qul A n ectlog gquantity of failed tine. In the
met hod &t r¥erdens PAY AT BNCBAMR#HP® - her hand, it is desired that the
failed tinme fuel injection quantity computing step conprises: a first fuel
injection ¢ i [ .Ske . A6 i LI L 1 1.0
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hereby the torque decreases and the engine rotational speed
s« decreases. Since an intake air flow rate decreases with a decrease in
the engine rotational speed, the supercharged pressure decreases so
that it becomes possible to control the supercharged pressure at an
allowable upper limit or below. Accordingly, the relief valve that was so
far essential as a fail-safe mechanism can be abolished and, hence,
achieving the decrease of cost, decrease of weight and improvement of

reliability.

Further, in the device of the present invention, further, it is
desired that the failed time fuel injection quantity computing means
comprises:

first fuel injection quantity computing means for computing a first
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'Accor ding to the above constitution, the smaller value between the first

fuel injection quantity of when the accelerator is fully opened1o p@
second fuel injection quantity smaller than the fuel injection quan ZQOZ
normal tine is used as the fuel injection quantity of failed tine.
Accordingly, once the adjustment mechanismis failed, the supercharged
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val ue. According to the above constitution, the failure in the pressure
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Accor diqiganityt 26 tRBFYR| GRfETtidri uamtity vt faileld fimection quantity of nor mal
time and the fuel injecti'on quantity of failed tine are conputed by nmaking

a reference to a map, suppressing an increase in the burden of processing
t hat acconmpamesoridirgctomthieatiboveoiconstittition, ltlhleecstmathequmwt petweddr i ef
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maintaining smooth acceleration performance without the need of judging
the occurrence of fault thereafter.

Moreover, in the device of the present invention, it is desired that
supercharged pressure detecting means for detecting a supercharged
pressure is provided, and the failure judgment means judges that the
adjustment mechanism is failed when the detected supercharged
pressure becomes equal to or greater than a predetermined value.



guantity according to a first enbodinent; Fig. 4 illustrates rra of t he
fuel injection quantities, wherein Fi ¢ 4A|IIustrates a map us |-Egh2@02
failed time and Fig. 4B illustrates a map used at the normal tine;

is a flowmchart showi ng the control of the fuel injection quantity according
to a second enbodiment; and Fig. 6 is an explanatory di agram of a map of
the fuel injection quantity under the full-I oad condi tion. Best Mode for
Carrying Qut fhe lnvention The ,present |nv on will be descrlbed in nore
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the detected engine o eratl on condition w th ideal supercharging
char act¥HPRIGSS2 TSR 1RIGEStr oni cal Iy controls the PCM valve 4 in order to
control the vane angle of the turbocharger body 2 so as to acconplish an
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controlled by the fuel injection quantity control when the supercharged
pressure is no |longer controlled by the opening or closing of the vane in
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limt HeeeRnt&®tfuel injection quanti ty Tp is decreased correspondi ng to the
rotational speed Ne, so that the supercharged pressure Pb is controlled to
the allowabl e upper limt or below Next, a first enbodi nent for

control Ii ng tAeceiding i éae.@hopjgmnstytutron the fuel injection quantity of

normal time and the fuel injection quantity of failed time are computed by
making a reference to a map, suppressing an increase in the burden of
processing that accompanies the computation of the fuel injection
quantity.
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super chgt j er controlled by the turbocharger, and is
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the actuator 3 and/or the PCM valve 47and the vane in the turbocﬁ E@%ﬂz
2 can not be controlled to open or close, it is possible to control t

supercharged pressure Pb to be |ess than the allowable upper limt Pc as
shown in Fig. 2. This nmakes it possible to abolish the rellef val ve t hat
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when the supercharged pressure Pb is likely to exceed the allowable
upper limit Pc, the fuel injection quantity Tp is decreased corresponding
to the rotational speed Ne, so that the supercharged pressure Pb is

controlied to the allowable upper limit or below.

Next, a first embodiment for controlling the fuel injection quantity
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the control unit 1 is turned OFF. The processing at step 3 corresponds

to fuel injection control means.



I ndustri al Applicability As described above, the device for cont roI ling a

fuel injection quantity and the nmetho@ of controlling a fuel i qg
gquantity for an internal conbustion engine equipped with a turboch :322092

the present invention, nmake it possible to prevent the supercharged

pressure from exceeding the allowable upper linmt even when the nmechanism

for adjusting the supercharged pressure is failed, and are very useful. f
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val ue Imeeapen the first fuel injection quantity and the second fuel

I njection quantity as the fuel injection quantity of failed tinme; and fuel
injection control nmeans for controlling the fuel injection based upon the
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to or greater than a predeterm ned val ue.

= According to the processing of steps 1 to 5 described above, the
fuel injection quantity is controlled based upon the fuel injection quantity
of normal time when the supercharged pressure Pb is less than the
predetermined value Po. When the supercharged pressure Pb is less
than the predstermined value Py, therefore, the fuel injection quantity is
controlled in a customary manner, and the driver does not feel it
incompatible.

When the supercharged pressure Pb becomes equal to or greater
than the predetermined pressure Py, on the other hand, it is judged to be
the failed time where the supercharged pressure has no longer been
controlled by the turbocharger. Accordingly, the fuel injection quantity is
controlied based upon the fuel injection quantity Tp of failed time. In
this case, the fuel injection quantity Tp of failed time is set to be smaller
than the fuel injection quantity Tp of normal time under the same
condition, such that the output torque decreases and the supercharged
pressure Pb becomes equal to or less than the allowable upper limit Pc.
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the secOniE T8 IdgBer?3h8Bhsn i ty. respectively, by making a refersnce to

a map in which the fuel injection quantity with respect to the engi ne

oper ati on congtdias 103411 feP fhjectibit-clieit) Bt hrrdfl Aimd" wheré the A A

accelerator is fully opened (hereinafter referred to as the "fuel injection
quantity under the full load") Tps is computed. That is, a reference is
made to a map of the fuel injection quantity shown in Fig. 6, and the fuel
injection quantity Tpy under the full load is computed based upon the
rotational speed Ne detected by the rotational speed sensor 11. The
processing of step 12 corresponds’ to first fuel injection quantity
computing means.

At step 13, there is executed the same processing as that of step
2 in the first embodiment to compute the fuel injection quantity Tp2 of
failed time. The processing at step 13 corresponds to second fuel
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the full load is equal to or greater than the fuel injection quantity Tp2 of
failed time, the routine proceeds to step 15 (Yes), where the fuel injection
quantity Tp, of failed time is selected as the fuel injection quantity Tp.
When the fuel injection quantity Tpy of under the full load is less than the
fuel injection quantity Tpz of failed time, on the other hand, the routine
proceeds to step 16 (No), where the fuel injection quantity Tpy under the
full load is selected as the fuel injection quantity Tp. The processing
through steps 14 to 16 corresponds to fuel injection quantity selection
means.

Here, as a generic concept, the processing through steps 12 to 16
corresponds to failed time fuel injection quantity computing means.

At step 17, the fuel injection device 7 is controlled based-<upon the
fuel injection quantity Tp to inject the fuel at a predetermined fuel
injection timing. Here, the fuel injection quantity control based upon the
fuel injection quantity Tp is continued until the ignition key is turned OFF,
i.e., until the power supply of the control unit 1 is turned OFF. The
processing at step 17 corresponds to fuel injection control means.

When it is judged at step 11 that the supercharged pressure Pb is
less than the predetermined value P, then at step 18, the same
processing as that of step 2 of the first embodiment is executed, and the
fuel injection quantity Tp of normal time is computed at step 18 as the
fuel injection quantity. The processing at step 18 corresponds to normal
time fuel injection quantity computing means.

At step 19, the fuel injection device 7 is controlled based upon the
fue! injection quantity Tp, and the fuel is injected at a predetermined fuel
injection timing. Thereafter, the routine returns back to step 11 to
repeat the processing at step 11 and at subsequent steps. The
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when the supercharged pressure Pb becomes equal to or greater than
the predetermined value Po after the start of fuel injection quantity
control, the smaller value between the fuel injection quantity Tps under
the full load or the fuel injection quantity Tp. of failed is selected as the
fuel injection quantity Tp. Then, the fuel injection quantity is controlled
based upon the fuel injection quantity Tp. Thereafter, the judgment
whether or not the supercharged pressure Pb is equal to or greater than
the predetermined value Py is not made, and the fuel injection quantity
control of failed time is repeated. This is because, when the
supercharged pressure Pb becomes equal to or greater than the
predetermined value Py, since it can be judged that the turbocharger is
failed, it is intended to highly accurately control the fuel injection quantity
of failed time.

Therefore, once the turbocharger is failed, the fuel injection
quantity control of failed time is executed even if the supercharged
pressure Pb is less than the predetermined value Py. By suitably setting
the map of fuel injection quantity (see Fig. 6) for computing the fuel
injection quantity Tp1 under the full load, therefore, it is possible to
control the supercharged pressure Pb to be equal to or less than the
allowable upper limit while maintaining smooth acceleration performance
even in case the turbocharger is failed.

Here, at steps 8 and 17 in the flowcharts of Figs. 3 and 5, the fuel
injection quantity control based upon the fuel injection quantity Tp is
continued until the power source of the control unit 1 is turned OFF, to
thereby exhibit an effect in that secondary inconvenience such as
fluctuation in the torque can be prevented.

In the above-mentioned embodiment, the device for controlling a
fuel injection quantity according to the present invention was applied to
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applied to an internal combustion engine equipped with an ordinary
turbocharger having a waste gate valve. In this case, the supercharged
pressure can be controlled by a reduction in the fuel injection quantity
even when the waste gate valve does not operate due to fixing or the like
and, hence, a relief valve as a fail-safe mechanism can be abolished.

It is further allowable to indirectly detect the supercharged
pressure Pb from, for example, an intake air flow rate Q, instead of
directly detecting the supercharged pressure Pb.

Industrial Applicability

As described above, the device for controlling a fuel injection
quantity and the method of controlling a fuel injection quantity for an
internal combustion engine equipped with a turbocharger of the present
invention, make it possible to prevent the supercharged pressure from =
exceeding the allowable upper limit even when the mechanism for
adjusting the supercharged pressure is failed, and are very useful.
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failure judgment means for judging whether or not a mechanism for adjusting a
supercharged pressure is failed;
normal time fuel injection quantity computing means for computing a fuel
injection quantity of normal time based upon the engine operation condition when it is
judged that the adjustment mechanism is not failed;
first fuel injection quantity computing means for computing a first fuel
injection quantity of when an accelerator is fully opened based upon the engine
operation condition when it is judged that the adjustment mechanism is failed;
second fuel injection quantity computing means for computing a second fuel
injection quantity smaller than the fuel injection quantity of the normal time based upon
the engine operation condition when it is judged that the adjustment mechanism is
failed;
fuel injection quantity selection means for selecting the smaller value between
the first fuel injection quantity and the second fuel injection quantity as the fuel
injection quantity of failed time; and
fuel injection control means for controlling the fuel injection based upon the
computed fuel injection quantity of the normal time or upon the fuel injection quantity
of failed time.

2. To be cancelled

3. A device for controlling a fuel injection quantity for an internal combustion
engine equipped with a turbocharger according to claim 1, wherein there is provided
supercharged pressure detecting means for detecting a supercharged pressure, and said
failure judgment means judges that said adjustment mechanism is failed when the
detected supercharged pressure becomes equal to or greater than a predetermined value.

4, A device for controlling a fuel injection quantity for an internal combustion
engine equipped with a turbocharger according to claim 1, wherein said normal time
fuel injection quantity computing means, said first fuel injection quantity computing
means, and said second fuel injection quantity computing means compute the fuel
injection quantity of normal time, the first fuel injection quantity, and the second fuel
injection quantity, respectively, by making a reference to a map in which the fuel
injection quantity with respect to the engine operation conditions has been set.

5. A method of controlling a fuel injection quantity for an internal combustion
engine equipped with a turbocharger, comprising:

failure judgment step of judging whether or not a mechanism for adjusting a
supercharged pressure is failed;

normal time fuel injection quantity computing step of computing a fuel injection
quantity of normal time based upon the engine operation condition when it is judged
that the adjustment mechanism is not failed,
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fuel injection control step of controlling the fuel injection based upon the
computed fuel injection quantity of the normal time or upon the fuel injection quantity
of failed time.

6. To be cancelled

7. A method of controlling a fuel injection quantity for an internal combustion
engine equipped with a turbocharger according to claim 5, wherein there is provided a
supercharged pressure detecting step of detecting a supercharged pressure, and said
failure judgment step judges that the adjustment mechanism is failed when the detected
supercharged pressure becomes equal to or greater than a predetermined value.

8. A method of controlling a fuel injection quantity for an internal combustion
engine equipped with a turbocharger according to claim 5, wherein said normal time
fuel injection quantity computing step, said first fuel injection quantity computing step,
and said second fuel injection quantity computing step compute the fuel injection
quantity of normal time, the first fuel injection quantity, and the second fuel injection
quantity, respectively, by making a reference to a map in which the fuel injection
quantity with respect to the engine operation conditions has been set.



