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57 ABSTRACT 
A base injection pulse for regulating an injecting time of 
an injector is determined by the number of revolutions 
of an engine and the quantity of an intake air. The base 
injection pulse is calibrated or compensated as follows; 

wherein 
Ti; a pulse width of the calibrated injection pulse, which 

determines the injecting time of the injector; 
T: a pulse width of the base injection pulse; 
Ka: a calibration coefficient determined by the level of 
an acceleration; and 

Kb: a calibration coefficient determined by the level of 
a deceleration preceding to the acceleration. 

4 Claims, 2 Drawing Figures 
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FUEL INFECTION CONTROL APPARATUS FOR 
NTERNAL COMBUSTION ENGINES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an fuel injection 

control apparatus for internal combustion engines, more 
particularly to an electronic control apparatus for the 
fuel injection system in which an injector is located 
before the branching point of intake manifolds to com 
monly supply the fuel to all or a plurality of cylinders of 
the internal combustion engine. 

2. Description of the Related Art 
In the fuel injection system of the internal combustion 

engine, the amount of the fuel to be injected is ex 
tremely reduced upon the deceleration of the engine, or 
the supply of the fuel is stopped. This is for the purpose 
of the reduction of hydrogen carbonate in the exhaust 
gas and the improvement of the fuel consumption rate. 
Namely, in the fuel injection system of the type in 

which the injector is positioned before the branching 
point of the intake manifolds led to every cylinders, the 
distance of the manifold between the injector and the 
respective cylinders becomes relatively long. During 
the operation of the engine, therefore, the fuel particle 
atomized by the injector adheres to the inner walls of 
the manifolds to form a fuel film storage thereon. If, 
under these conditions, the deceleration begins with the 
usual fuel control in the operation, almost of the fuel 
film storage is sucked into a combustion chamber of the 
engine so that the mixture of the air and fuel becomes 
temporarily too rich. 

In order to avoid the occurrence of the phenomenon 
stated above, the amount of the fuel to be injected is 
extremely reduced or the supply of the fuel is stopped, 
when the engine is decelerated. According to such 
measures as the reduction or cutting off of the fuel, 
however, the fuel film storage evaporates so perfectly 
that the manifold walls become dry. 
By the way, as the measures for the transition such as 

the rapid acceleration, the acceleration enrichment con 
cept is known (cf. SAE Technical Paper Series 800164 
“Throttle Body Fuel Injection (TBI)-An Integrated 
Engine Control System', page 12, right-hand column, 
first para. “Transient Fuel (Acceleration Enrich 
ment)'). It is stated in this paper that extra fuel is needed 
for the manifold filling dynamics and the fuel film stor 
age on the manifold walls. 

In case, however, the engine is accelerated again 
immediately after it has been decelerated, the accelera 
tion enrichment under the concept described in this 
paper is insufficient. That is to say, the degree of dry 
ness of the manifold walls is closely related with the 
degree or level of the deceleration done precedingly to 
the acceleration. The greater or higher the degree or 
level of the deceleration is, the drier the manfold wall 
becomes. Accordingly, if the deceleration is of very 
high level, the manifold wall becomes very dry. As a 
result, upon the succeeding acceleration the greater part 
of the injected fuel which includes the acceleration 
enrichment component of the fuel is used only to wet 
the surface of the inner wall of the manifold, so that the 
fuel mixture becomes lean. This causes an increase in 
the contents of noxious components of the exhaust gas, 
and an acceleration delay. 
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2 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide a fuel 
injection control apparatus which is capable of prevent 
ing the fuel mixture from becoming lean, even when the 
engine is accelerated immediately after it has been de 
celerated with the fuel injection rate reduced to an 
extremely low level or almost zero. 
The characteristics of the present invention reside in 

that an additional acceleration enrichment of the fuel is 
carried out, when the engine is accelerated immediately 
after it has been decelerated with the fuel injection rate 
reduced to an extremely low level or substantially to 
zero, in accordance with the degree of the deceleration 
and in addition to a regular acceleration enrichment. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram of an embodiment of 
the fuel injection control apparatus according to the 
present invention; and 
FIG. 2 is a control flow chart for explaining the oper 

ation of the embodiment shown in FIG. 1. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODEMENT 

Referring to FIG. 1, a reference numeral 2 denotes a 
throttle body, in which an injector 4 and a throttle valve 
6 are installed by known supporting members. Fuel is 
supplied to the injector 4 through a fuel pipe 5. The 
injector 4 atomizes the fuel in accordance with a signal 
from a control apparatus described after. The atomized 
fuel is supplied to a cylinder of the engine through an 
intake manifold 8 with air. In this figure, only one cylin 
der and the manifold 8 connected between the cylinder 
and the throttle body 2 are shown, but, as usual, there 
are plural cylinders and manifolds connecting the throt 
tle body 2 with the corresponding cylinder. The mix 
ture of the air and the fuel atomized by the injector 4 is 
sucked into the cylinder under the condition of the 
suction process through the corresponding manifold. 
The injector 4 has to inject the fuel in synchronism with 
the suction process of every cylinders. 
The control apparatus for the injection system as 

described above is constructed as follows. Namely, in 
the figure, a temperature sensor 10 detects the tempera 
ture of the cooling water of the engine to produce an 
output signal t. A crank angle sensor 12 is built in a 
distributor (not shown) and detects the angle of a crank 
shaft thereby to output a signal having an information of 
the angular position of the crankshaft p and the number 
of revolutions of the engine N. An air flow sensor 14 is 
arranged in the throttle body 2 to measure the quantity 
of the intake air of the engine and produce a signal Qa 
corresponding to the measured quantity. 
These signals t, N and Qaare sent to a base injection 

pulse generater 16, which decides the width of the in 
jection pulse in accordance with the signals mentioned 
above. During the time of the pulse width, the injector 
4 executes the injection of the fuel. The repetion fre 
quency of the injection pulse depends on the output N 
of the crank angle sensor 12. The pulse width is deter 
mined by selecting one value from the matrix represent 
ing the pulse width in accordance with the number of 
revolutions of the engine N and the quantity of the 
intake air Qa, i.e. the load of the engine. The thus ob 
tained injection pulse can be calibrated by the signal t 
from the temperature sensor 10 for the cold operation. 
For the purpose of the determination of the base injec 
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tion pulse, the concentration of oxygen contained in the 
exhaust gas may be taken into consideration, which is 
detected by an oxygen sensor installed in an exhaust 
manifold. But, the present invention has nothing to do 
with how to decide the base injection pulse. Therefore, 
the further description about the method of determina 
tion of the base injection pulse is omitted. This inven 
tion is appliable to all the method that determines the 
base injection pulse on a basis of the signals of parame 
ters representing the fundamental condition of the en 
gine, such as the number of revolutions of the engine, 
the angular position of the crank shaft, the quantity of 
the intake air, the temperature of the cooling water and 
so on, as described before. 

In case the operation of the engine is of steady state, 
the base injection pulse thus obtained is sent to an actua 
tor 24, passing through an acceleration calibrater 22 
which is described in detail later. If, however, the en 
gine is accelerated, the compensation or calibration is 
done against the base injection pulse. First of all, the 
opening of the throttle valve 6 is detected by a throttle 
sensor 18. The opening signal 6 is given to an accelera 
tion level discriminator 20, in which the acceleration 
level is judged. The acceleration level is represented by 
the variation rate of the opening (d6/dt). The larger the 
value d6/dt is the higher the acceleration level is. The 
acceleration level signal d6/dt is sent to the acceleration 
calibrater 22, where the calibration or compensation for 
d6/dt is executed against the base injection pulse. The 
calibration or compensation is added, for example, to 
the pulse width of the base injection pulse, as follows; 

wherein 
Tc: a pulse width of the calibrated injection pulse, 

which is the output of the acceleration calibrater 22; 
T: the pulse width of the base injection pulse output 

from the base injection pulse generater 16; and 
Ka: a calibration coefficient determined in accor 

dance with the discriminated acceleration level. 
The signal with the pulse width T is given to the 

actuator 24, which actuates the injector 4. Since the 
injector 4 is supplied with the fuel of the constant pres 
sure, it injects the fuel of the amount in accordance with 
the pulse width T. The amount of the fuel correspond 
ing to T-Kain the whole injected fuel means the accel 
eration enrichment described before. This acceleration 
enrichment is called "a regular acceleration enrich 
ment' hereinafter, since this enrichment is obtained for 
the usual acceleration operation of the engine. Here, the 
usual acceleration means the acceleration which is con 
ducted successively from the steady operation of the 
engine, or which is in process of the continuing acceler 
ation. 

If, different from that, the deceleration has been done 
immediately before the acceleration, the further calibra 
tion or compensation is executed against the above 
mentioned calibrated injection pulse, as described here 
inafter. 
A neutral position sensor 28 detects that a transmis 

sion (not shown) is in the neutral position and outputs a 
signal to a deceleration detector 32. An idle position 
sensor 30 detects that the throttle valve 6 is in the idle 
position and produces an output signal t to the decelera 
tion detector 32. Receiving the signal of the number of 
revolutions of the engine as well as the signals both of 
the neutral position of the transmission and the idle 
position of the throttle valve, the deceleration detector 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4. 
32 detects that the engine is in the deceleration condi 
tion. The level of the deceleration is judged by a decel 
eration level descriminator 34. The deceleration level is 
represented by the variation rate (dN/dt) of the number 
of the revolutions of the engine. The greater the value 
dN/dt is, the higher the decelerations level is. 
The deceleration level signal is sent to an additional 

acceleration calibrater 36, in which the coefficient Kh 
for the additional calibration or compensation is deter 
mined in accordance with the deceleration level. The 
coefficient K, is supplied to the acceleration calibrater 
22, in which the following calibration or compensation 
is made; 

wherein Ti denotes the pulse width of the finally cali 
brated injection pulse, which becomes an input of the 
actuator 24. The fuel amount corresponding to TKhin 
the whole injected fuel is referred to as "an additional 
acceleration enrichment' hereinafter. 
As is apparent from the above description, it can be 

said that the acceleration enrichment according to the 
present invention includes the component of the addi 
tional acceleration enrichment depending on the level 
of deceleration just before the acceleration, as well as 
the component of the regular acceleration enrichment 
depending on the level of the re-acceleration which 
succeeds the deceleration. 

In FIG. 1, the embodiment of the present invention is 
shown so as to be constructed by separate and indepen 
dent devices or apparatuses. Practically, the functions 
achieved by the respective devices or apparatuses 
shown in the figure are performed by an electronic data 
processor with suitable interferences, except the various 
kind of sensors 10, 12, 14, 18, 28 and 30 and the actuator 
24. 

Referring to FIG. 2, the explanation is made of the 
operation in case the control apparatus is constructed 
by such a processor. 

First of all, the number N of revolutions of the engine 
is detected at a step 100. At steps 102 and 104, it is 
judged whether the engine is in the decelerated state or 
not. If not, the control flow jumps to a base injection 
pulse generation routine 106. As already stated before, 
the applicability of the present invention is not limited 
to any particular method of the generation of the base 
injection pulse itself. Therefore, the details of this rou 
tine 106 is omitted here, for the purpose of the concise 
ness or simplicity of the description. 
When the engine is in the deceleration, the level of 

dN/dt is descriminated at steps 108 and 110. In this case, 
two reference values Na and Ng (No.) Ng) for the de 
celeration level are preset and three coefficients K1, 
K2 and Kb3 are provided for the calibration or compen 
sation on a basis of the deceleration level. If, 
dN/dt). No, the coefficient Kb3 is selected. In a case of 
No.2dN/dt). Ng, the coefficient Kb2 is chosen. Further, 
if dN/dts Ng, the coefficient Kb1 is selected. The se 
lected coefficient K, can be compensated by the tem 
perature t of the cooling water, if necessary, as shown at 
a step 111. In this case, the temperature compensation is 
so made that the higher the temperature of the cooling 
water is, the less the amount of the injected fuel be 
comes. The thus determined coefficient Khis stored in a 
storage at a step 112. Here, the number of the calibra 



4,589,389 
5 

tion coefficient Kb is not limited to three, but it can be 
selected in the given number as occasion demands. 

In this way, during the engine is in the deceleration 
condition, the deceleration level is always de 
scriminated and the coefficient of calibration according 
to the deceleration level is stored. From such a condi 
tion, if the acceleration is demanded, that fact is catched 
as a change in the opening 6 of the throttle valve 6. 
Therefore, the opening 6 is detected at a step 114 and 
the acceleration level d6/dt is discriminated at steps 116 
and 118. The discrimination of the acceleration level is 
done in the same way as that of the deceleration level. 
Namely, two reference values 6 and 68 (6.<68) for 
the opening of the throttle valve 6 are preset and three 
coefficients Kai, Ka2 and Ka3 are provided for the cali 
bration or compensation in accordance with the dis 
criminated acceleration level. In a case of d6/dt)6a, 
the coefficient Ka3is picked, the coefficient Ka2 in a case 
of 0.2d6/dt)08, and the coefficient Kal in a case of 

10 

15 

d6/dts08. The thus decided coefficient Ka is stored at 20 
a step 120. Similary to a case of the calibration coeffici 
ent K, the number of calibration coefficient Ka for the 
acceleration is not limited to three, but it can be pro 
vided arbitrarily as occasion demands. 
On a basis of the coefficients Kb and Kastored at the 

steps 112 and 120, the calibration or compensation is 
executed at a step 122. As a result, the calibrated injec 
tion pulse is obtained which includes, as its component, 
the regular acceleration enrichment and the additional 
acceleration enrichment. 

In the embodiment mentioned above, the judgement 
of the acceleration and the deceleration is performed by 
the degree of the opening of the throttle valve and the 
number of revolutions of the engine. However, the 
variation rate of the quantity Q of the intake air or the 
negative pressure Py of the intake manifold can be also 
utilized for that purpose. In this case, therefore, dOa/dt 
or dP/dt is used for judging the level of the accelera 
tion or deceleration. 
According to the present invention described above, 

the fuel can be injected at an optimum rate when the 
engine is accelerated immediately after it has been de 
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6 
celerated with the fuel injection rate reduced to an 
extremely low level or to zero. Therefore, an increase in 
the contents of noxious components in the exhaust gas 
as well as acceleration delay can be prevented. 
We claim: 
1. A fuel injection control apparatus for an internal 

combustion engine, in which the base amount of an fuel 
to be injected is regulated by a base injection pulse 
obtained in accordance with fundamental parameters 
representing the operational condition of the engine, 
and it is reduced to an extremely low level or substan 
tially zero when the engine is decelerated and, upon a 
re-acceleration succeeding the deceleration, calibrated 
by an acceleration enrichment determined by a level of 
the re-acceleration, characterized by an additional ac 
celeration enrichment means for further calibrating the 
amount of the fuel to be injected in response to the level 
of the deceleration preceding to the re-acceleration. 

2. A fuel injection control apparatus as defined in 
claim 1, wherein said level of the deceleration is dis 
criminated by the decreasing rate of the number of 
revolutions of the engine. 

3. A fuel injection control apparatus as defined in 
claim 1, wherein an injecting time Ti of an injector 
calibrated by said acceleration enrichment and said 
additional acceleration enrichment is as follows; 

Ti=T(1+Ka-i-K) 
wherein 
T: the injecting time on a basis of the base injection 

pulse; 
K: a calibration coefficient determined in accor 
dance with the acceleration level; and 

K: a calibration coefficient determined by the level 
of the deceleration preceding to the acceleration. 

4. A fuel injection control apparatus as defined in 
claim 3, wherein at least one of the calibration coeffici 
ents K and Khis so preset that the amount of the fuel to 
be injected is reduced as the temperature of a cooling 
water of the engine rises. 

ak ak k k k 


