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There has been known an internal combustion engine equipped
with a turbocharger having a waste gate valve for controlling the
supercharged pressure as disciosed in Japanese Unexamined Patent
Publication 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,.
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,HF!I60160* fui 1 HI1I 11 11 11 *&00002* 2 However, the relief valve is a
fail-safe nmechani smwhich operates ol y when the waste gate valve or the
like is failed, and is, at present, an expensive conmponent which should be

“abolished if there is available any other alternative neans fromthe
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Disclosure of the Invention

In order to accomplish the above-mentioned object, a device for
controlling a fuel injection quantity for an internal combustion engine with
a tutbocharger according to the present invention, comprises:

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;

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 controlling 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



1t i's’judged that the adjustnent nmechanismis failed; and fuel injection
control means for controlling the fueB injection based upon the conputed
fuel injection quantity of normal tine or upon the conputed fuel injection
quantity of failed tine. On the other hand, a nethod of controlling a fuel
injection quantity for an internal combustion engine wth a turbocharger
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-When the mechanism for adjusting the supercharged pressure is
failed, on the other hand, the fuel injection quantity is controlled based
upon the fuel injection quantity of failed time smaller than the fuel
injection quantity of normal time. That is, the fuel injection quantity of
normal time smaller than the fuel injection quantity of failed time is used,
whereby the torque decreases and the engine rotational speed
decreases. Since an intake air flow rate decreases with a decrease in

. the engine rotational speed, the supercharged pressure decreases soO
" 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



‘that" it beconmes possible to control the supercharged pressure at an

al  owabl e upper limt or below Accorﬂingly, the relief valve that was so
far essential as a fail-safe nmechani smcan be abolished and, hence,

achi eving the decrease of cost, decrease of weight and inprovenent of
reliability. Further, .in the deV|ce of the present invention, further, it
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a second fuel injection quantity computing step’ o compﬂ%mg
~ second fuel injection quantity smaller than the fuel injection quantity of
normal time based upon the engine operation condition; and
- a fuel injection quantity selection step of selecting the smaller
value between the first fuel injection quantity or the second fuel injection

quantity as the fuel injection quantity of failed time.

According to the above constitution, the smaller value between
the first fuel injection quantity of when the accelerator is fully opened or
the second fuel injection quantity smaller than the fuel injection quantity

. of normal time is used as the fuel injection quantity of failed time.
Accordingly, once the adjustment mechanism is failed, the supercharged
pressure is controlied at the allowable upper limit or below while
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.



. of normal tine is used as the fuel injection quantity of failed tine.
Accordingly, once the adjustnent mech&nismis failed, the supercharged
pressure-is controlled at the allowable upper linmt or below while

mai nt ai ni ng snoot h accel erati on performance w thout the need of judging
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quantlt of normal tine and the fuel injection quantity of failed tine,

@ cctFURINE ST TIRAIMGORr ef erence to a map in which the fuel injection
quantlty Wi th respect to the engi ne operation conditions has been set. On
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injection quantity of normal time and the fuel injection quantity of failed
time, respectively, by*making a reference to a map in which the fuel
injection quantity with respect to the engine operation conditions has
been set.

On the other hand, in the method of the present invention, it is
desired that the normal time fuel injection quantity computing step and
the failed time fuel injection quantity computing step compute the fuel

‘ injection quantity of normal time and the fuel injection quantity of failed .
time, respectively, by making a reference to a map in which the fuel
injection quantity with respect to the engine operation conditions has
been set.

According to the above constitution, 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
guantity.
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.time, respectively, by making a reference to a map in which the fuel

injection quantity with respect to th® engi ne operation conditions has

been set. According to the above constitution, the fuel injection quantity .
of normal tinme and the fuel injection quantity of failed tine are conputed
by making a reference to a map, suppressing an increase in the burden of
pr oces Brigf DeascriptiormodDrswirtgs conput ati on of the fuel injection

quantity. Brief Description of Drawings Fig. 1 is a diagramillustrating
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Best Mode for Carrying Out the Invention

The present invention will be described in more detalil with
reference to the accompanying drawings.

Fig. 1 illustrates the whole constitution in which the present
invention is applied to an internal combustion engine equipped with a
turbocharger of electronically controlled variable nozzle type (hereinafter

. referred to as "turbocharger"”).

The turbocharger includes a control unit 1 for executing a main
control, a turbocharger body 2 for controlling a supercharging amount by
a variable vane incorporated therein, a pressure control modulator valve
(hereinafter referred to as "PCM valve") 4 for supplying a negative
pressure to an actuator 3 that opens and closes the vane, and a vacuum
pump 5 producing the negative pressure serving as an operating source
of the actuator 3. The control unit 1 receives outputs from a boost
pressure sensor (supercharged pressure detecting means) 10 for
detecting a supercharged pressure Pb and a rotational speed sensor 11



.a variable vane incorporated therein,_ a pressure control nodul ator val ve
(hereinafter referred to as "PCM val vé") 4 for supplying a negative
pressure-to an actuator 3 that opens and cl oses the vane, and a vacuum
punp 5 produci ng the negative pressure serving as an operating source of
the actuator 3. The control unit 1 receives outputs froma boost pressure
sensorfdrs wécﬂﬂggmepm@nee rottionalngpesthsihereinaiter deafestethgte, as

The. engereippBLepangn) Necfbedhdttlell; BEnaperPpsraach conditiotls. oo re! ! 19

speed”) Ne, respectively, as eng| ne operation conditions. The control unit

1 conpares tgﬂg cg@ttrgﬂ ﬁ G{p’#r'e%n th@ogui?fécqadwﬁgm@eaé peration

superchargln erls ICS ectroni

g controgﬁ gg PCvaaIve 4
in or deondmcm)nwnm ndmlvau@eﬁﬁ@awlaﬂ tgharacieHsticgr gepdp figeranica
accorrp#%ﬁh. | On M_Svaﬁfechﬁrlﬁ' 69de?0W'ddrﬂ'ﬂoFQh©eWImglbo dfth¢hengi ne

operat he contro uni t

th h
fuel i tl.jr(b@tohaig&évb@dw 2nsightas on ac&r‘?mm@gnﬁpe@&hﬂﬁr a%d%%%q_{%rggﬁa 2
aCCOfdeHd fbﬁ '%?or?QQb?an?é t60fi¢ @ngihst opetatiohecareditiorhedThat eontrial or der

| of . .fuel
F espontBit 4 OMeteeRINGr NGy CoRCTRIFge Ul dnfitid M IdEIFS s HBRhey of
ILO[“ p fritgriilll €8 suSedHh elirrgihezefawondan gpioothe ezbviertt eincan tll'@’prISa
at in nor mal candi ti C : en
the tubb @%p@@cr{%{ecﬁi tan dy QiSdo GBI %ﬁﬁﬁe%éé)sef@?rﬁtrgége H8l of
; controfhed "h émn (qud:ryntyhencmeilslpolnsgm:o 1thedecontisdd QfelbeQ@hﬁéQ\ﬁ[ het I
i ontro
ﬁﬁ“ﬁi e pFrautiRd S frops ¥y 8, Wifjer &t 8’3°?%‘2*%%2¥,.'§g or
f Slhn rofndthvMﬂmean ralahm Iampbaahti‘rajemfbbw of any abnaimal cemditignt xi ng
t t P
R L e e el
pr essuabrimdlothesalapmelamp 8aés conteollad $e durR o4 PMnt 8@& rﬁ the tine

| apse and exceeds an allowable wupper limt Pc as shown in Fig. 2. Wen

such a phenonenon is likely to develo a fuel ection quant| to be
set CorPesporQastglb@dth@ov?ll is how the spupercharged bressure S coﬁfr%llgﬁ

by the fuel injection quantity control when the supercharged pressure is
no longer controlled by the opening or closing of the vane in the
turbocharger body 2, for example, due to fixing of the actuator 3 and/or

the PCM valve 4.

When the supercharged pressure is no longer controlled by the
turbocharger, then, the supercharged pressure Pb, for example, at the
‘ time of acceleration, rises with the time lapse and exceeds an allowable
upper limit Pc as shown in Fig. 2. When such a phenomenon is likely to
develop, a fuel injection quantity Tp to be set corresponding to the
engine operation condition is decreased to decrease the torque T that is
produced, to thereby decrease the supercharged pressure Pb. That is,
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
controlled to the allowable upper limit or below.

Next, a first embodiment for controlling the fuel injection quantity



.ehgi'ne operation condition is decreased to decrease the torque T that is
produced, to thereby decrease the sup8rcharged pressure Pb. That is, when
the supercharged pressure Pb is likely to exceed the allowable upper |imt
Pc, the fuel injection quantity Tp is decreased corresponding to the
rotatronal speed Ne, so that the supercharged pressure Pb is controlled to

the al Wgnaty dedepided Wil refereacevto beflowchaft osFignBodi ment for
controlling the fuel injection quantity 8 will be descrl bed with reference
to a flowhart of Fig. 3. At step 1 (abbreviated as "Si" in the draw ng
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limt rinci descri bed above. The processing at
step 2 corresponds to falled time

At step 2, the fuel injection quantity Tp is computed when a failure
has occurred in the turbocharger (hereinafter referred to as "failed time M.
That is, a reference is made to a map' of fuel injection quantity shown in
Fig. 4A, and the fuel injection quantity Tp of failed time is computed
based upon the rotational speed Ne detected by the rotational speed
sensor 11. In the map of fuel injection quantity, the fuel injection
quantity Tp is set such that the supercharged pressure Pb is equal to or
. less than the allowable upper limit Pc relying upon the principle
described above. The processing at step 2 corresponds to failed time

fuel injection quantity computing means.

At step 3, the fuel injection device 7 is controlled based upon the
fuel injection quantity Tp of failed time, to inject the fuel at a
predetermined fuel injection timing. Here, the fuel injection quantity
control based upon the fuel injection quantity Tp of failed time is
continued until an ignition key is turned OFF, i.e., until a power source of
the control unit 1 is turned OFF. The processing at step 3 corresponds
to fuel injection control means.
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+fuel "injection quantity conputing neans. At step 3, the fuel injection
device 7 is controlled based upon the @ fuel injection quantity Tp of failed
time, toinject the fuel at a predeterm ned fuel injection timng. Here,
the fuel injection quantity control based upon the fuel injection quantity
Tp of "failed tine is continued until an ignition key is turned OFF, i.e.,
until a power source of the control unit 1 is turned OFF. The processing
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corresponds to fuel injection control neans. According to the processing
of step‘@equo 5 described above, the fuel injection quantity is controlled
based upon the fuel injection quantity of nornal tine when the
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step 1. The processing at step 5 corresponds to fuel injection control

means.

= 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 P,. When the supercharged pressure Pb is less
than the predetermined value Po, 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 Po, on the other hand, it is judged to be
the failed time where the supercharged pressure has no longer been
controlied by the turbocharger. Accordingly, the fuel injection quantity is
controlled 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.



-than the predetermnined pressure Po, on the other hand, it is judged to be
the failed tinme where the superchargedOpressure has no | onger been
controll ed by the turbocharger. Accordingly, the fuel injection quantity is
‘control |l ed based upon the fuel injection quantity Tp of failed tinme. In
this tase, the fuel injection quantity Tp of failed tine is set to be
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proceeds to step 12 (Yes), while when the supercharged pressure Pb is
less than the predetermined value Pg; the routine proceeds to step 18
(No). The predetermined value Po used here is the same as the
predetermined value P used at step 1 in the first embodiment, and the
explanation thereof is omitted. The processing of step 11 corresponds
to failure judgment means.

- ‘ At step 12, the fuel injection quantity of normal time where the
accelerator is fully opened (hereinafter referred to as the "fuel injection
quantity under the full load") Tpy is computed. That is, a reference is
made to a map of the fuel injection quantity shown in Fig. 8, and the fuel
injection quantity Tps 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 cor_responds to second fuel
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.made to a map of the fuel injection quantity showmn in Fig. 6, and the fuel

injection quantity Tp, under the fullil oad is conputed based upon the
rotational speed Ne detected by the rotational speed sensor 11. The
processing of step 12 corresponds, to first fuel injection quantity
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is continued until the ignition key is turned OFF, i.e., until the power

supply"HPaf'I e control unit .1 is turned OFF. The processing at step 17
corresponds to fuel |nJ ection control means. When it is j udged at step 11

that the S“pqulf@rﬁ Qbﬁ%’%w 8oRBep#, tH@%ﬁobB@Qnr@ﬂww@?b@émﬂ@tdalme Po,
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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 Po, 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
fuel injection quantity Tp, and the fuel is injected at a predetermined fuel
injection timing. Thereatfter, the routine returns back to step 11 to
repeat the processing at step 11 and at subsequent steps. The



.fuel injection quantity Tp of normal time is conputed at step 18 as the
fuel injection quantity. The processimg at step 18 corresponds to nornal
time fuel injection quantity conputing means. At step 19, the fuel
injection device 7 is controlled based upon the fuel injection quantity
Tp, and the fuel is injected at a predeterm ned fuel injection timng.
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of failed time.

Therefore, once the turbocharger is failed, the fuel injéctioh
quantity control of failed time is executed even if the supercharged
pressure Pb is less than the predetermined value Po. 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



+Here, at steps 8 and 17 in the flowharts of Figs. 3 and 5, the fuel

injection quantity control based uponi8he fuel injection quantity Tp is
continued until the power source of the control unit 1 is turned OFF, to
t hereby exhibit an effect in that secondary inconveni ence such as
fluctuation in the torque can be prevented In the above-nentioned
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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.



