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AIR-FUEL RATIO FEEDBACK TYPE FUEL 
INJECTION SYSTEM 

BACKGROUND OF THE INVENTION 

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

tems and more particularly to an electric fuel injection 
system which incorporates an air-fuel ratio feedback 
control. 

2. Description of the Prior Art 
Fuel injection systems are known in the art in which 

the quantity of fuel fed to the engine is controlled by 
measuring the quantity of air drawn into the engine and 
programming the fuel quantity predetermined in accor 
dance with the quantity of air in terms of the duration 
of the energization of electromagnetic valves. A disad 
vantage of this type of fuel injection system is that even 
if various engine parameters such as the manifold vac 
uum and engine temperature are detected to control 
the fuel quantity, it is extremely difficult to compensate 
for the ever changing operating conditions of the en 
gine, the variations by different engines and so on so as 
to always operate the engine with a predetermined air 
fuel ratio. The difficulty especially gives rise to a seri 
ous problem with an engine equipped for example with 
a catalytic purifier for purifying the exhaust gases. 

SUMMARY OF THE INVENTION 

With a view to overcoming the foregoing difficulty. 
it is an object of the present invention to provide an air 
fuel ratio feedback type fuel injection system wherein 
the concentration of oxygen contained in the exhaust 
gases is detected so that theduration of the energiza 
tion of the electromagnetic valves is corrected in accor 
dance with the detected output to operate the engine 
with a predetermined air-fuel ratio. 

It is another object of the present invention to pro 
vide such air-fuel ratio feedback type fuel injection sys 
tem wherein a signal representing the detected oxygen 
concentration is compared with a reference value for 
discrimination and the resultant discrimination signal is 
sampled to cause a reversible counter to perform the 
operation of addition or subtraction in accordance with 
the sampled signal and wherein there are included a 
feedback system for negatively feeding back the count 
of the reversible counter to a computing unit of the fuel 
injection system which generates injection pulses for 
controlling the fuel quantity and a holding circuit 
whereby the count of the reversible counter greater 
than its maximum counting capacity is held at the al 
lowable maximum or minimum value, thereby always 
operating the engine with a predetermined air-fuel 
ratio and further minimizing possible negative feed 
back crrors due to the limitation by the maximum 
counting capacity of the reversible counter. 

It is still another object of the present invention to 
provide such air-fuel ratio feedback type fuel injection 
system wherein when the response speed of the oxygen 
concentration detector decreases, the frequency of 
sampling signals for the negative feedback control is 
decreased to correct the duration of the energization of 
the electromagnetic valves to ensure a predetermined 
air-fuel ratio with an improved accuracy. 

It is still another object of the present invention to 
provide such air-fuel ratio feedback type fuel injection 
system comprising superposing means for superposing 
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2 
an additional correction signal corresponding to the 
number of sampling by the sampling signals effected in 
the time interval up to the reversal of the polarity of the 
feedback, whereby when a correction value is used 
which is varied by a predetermined amount for each 
sampling by the sampling signal or varied according to 
the load. the correction value is increased as a means 
of eliminating such inconvenience that the occurrence 
of a large discrepancy between the reference charac_ 
teristic and the desired air-fuel ratio characteristic re 
sults in a large time delay in attaining a predetermined 
air-fuel ratio or a stable point for the correction value, 
whereas such inconvenience which may be caused by 
the limitation to the response speed of the oxygen con 
centration detector when the frequency of the sampling 
signal is increased is also prevented. 

It is still another object of the present invention to 
provide such air-fuel ratio feedback type fuel injection 
system wherein dead zone detecting means is provided 
to detect the fact that the output of the oxygen concen 
tration detector has reached the intermediate dead 
zone between the “D” level and the “1” level and dis 
able the sampling operation, whereby the engine is op 
erated with a predetermined air-fuel ratio and more 
over the sampling operation is stopped when the air 
fuel ratio comes to the intermediate dead zone about 
the predetermined value thereof to thereby prevent the 
occurrence of undesired forward and backward swing 
of the air-fuel ratio that may be caused when the engine 
is operated under a constant load. 
The fuel injection system according to the present in 

vention has a remarkable advantage in that since it in 
corporates a feedback control whereby the concentra 
tion of oxygen contained in the exhaust gases is de 
tected by an oxygen concentration detector to cause an 
air-fuel ratio discriminating circuit to determine 
whether the air-fuel ratio is richer or leaner than a pre 
determined value and the count of a reversible counter 
is increased or decreased to obtain a predetermined 
air~fuel ratio until the air-fuel ratio discriminating cir 
cuit makes a different decision, the air~fuel ratio can be 
controlled with much greater accuracy as compared 
with conventional electronically controlled fuel injec 
tion systems. 
Another remarkable advantage of the system of this 

invention is the use ofa D—A converter which produces 
the necessary correction value in the form of a voltage 
so that when the present invention is incorporated in a 
‘known type of electronically controlled fuel injection 
system, the correction value can be easily controlled by 
using it as one of the parameters of an internal combus 
tion engine. 
A further remarkable advantage is the fact that since 

the correction is effected by changing upward and 
downward the air~fuel ratio characteristic of the elec 
tronically controlled fuel injection system installed in 
an internal combustion engine, such difficulty as here 
tofore encountered during the starting period can be 
eliminated and the capacity of the required reversible 
counter can also be reduced comparatively. 
A still further remarkable advantage of the system of 

this invention is the use of a power range detector for 
detecting the power range of a load range which re 
quires a large output torque to open and close the feed 
back system, whereby the air-fuel ratio is normally 
maintained at a constant value, whereas in the load 
range requiring a large output torque the air-fuel ratio 
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is not maintained at a constant value to provide a satis 
factory output torque. 
A still further remarkable advantage is the use of a 

holding circuit whereby when the count of the revers 
ible counter exceeds its maximum counting capacity. 
the count is held at the allowable maximum or mini 
mum value to thereby minimize the occurrence of er 
rors due to the limits to the maximum counting capac 
ity of the reversible counter. 

BRIEF DESCRIPTION OF THE DRAWING 

These and other objects, features and advantages of 
the present invention will be apparent from the follow 
ing detailed description taken in conjunction with the 
accompanying drawings, in which: 
FIG. 1 is a block diagram showing a ?rst embodiment 

of an air-fuel ratio feedback type fuel injection system. 
FIG. 2 is an input-output characteristic diagram of 

the air-fuel ratio discriminating circuit used in the em 
bodiment of FIG. 1. 
FIG. 3 is an input~output characteristic diagram of 

the D-A converter used in the embodiment of FIG. 1. 
FIG. 4 is an air-fuel ratio characteristic diagram use 

ful for explaining the operation of the embodiment 
shown in FIG. 1. 

FIG. 5 is a block diagram showing a second embodi 
ment of the fuel injection system of this invention. 
FIG. 6 is an electric wiring diagram shwoing one form 

of the principal part of the embodiment shown in FIG. 
5. 
FIG. 7 is an air-fuel ratio characteristic diagram usef 

uel for explaining the operation of the embodiment 
shown in FIG. 5. 

FIG. 8 is an electric wiring diagram showing a third 
embodiment of the air-fuel ratio feedback type fuel in~ 
jection system according to the invention. 

FIG. 9 is an electric wiring diagram showing a fourth 
embodiment of the fuel injection system according to 
the present invention. 
FIG. 10 is a time versus output characteristic diagram 

of the oxygen concentration detector used in the em 
bodiment shown in FIG. 9. 
FIG. 11 and 12 are electric wiring diagrams showing 

respectively a ?rst and second embodiments of the 
sampling signal generating circuit used in the embodi~ 
ment shown in FIG. 9. 
FIG. 13 is a block diagram showing a fifth embodi 

ment of the fuel injection system according to the pres 
ent invention. 
FIG. 14 is an electric wiring diagram showing one 

form of the principal part of the embodiment shown in 
FIG. 13. 
FIG. 15 is a block diagram showing a sixth embodi 

ment of the fuel injection system according to the pres 
ent invention. 
FIG. 16 is an electric wiring diagram showing one 

form of the principal part of the embodiment shown in 
FIG. 15. 
FIG. 17 is an input-output characteristic diagram of 

the correction value setting circuit used in the embodi 
ment shown in FIG. 15. 
FIG. 18 is an air content in the exhaust gases versus 

reference air-fuel ratio characteristic diagram for the 
embodiment shown in FIG. 15. 
FIG. 19 is a block diagram showing a seventh em 

bodiment of the fuel injection system according to the 
present invention. 

IO 

20 

30 

35 

40 

45 

55 

60 

65 

4 
FIG. 20 is an air-fuel ratio versus output characteris 

tic diagram for the oxygen concentration detector and 
the air-fuel ratio discriminating circuit used in the em 
bodiment of FIG. 18. 

FIG. 21 is an electric wiring diagram showing one 
form of the principal part of the embodiment shown in 
FIG. 18. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be described in grater 
detail with reference to the illustrated embodiments. 

Referring ?rst to FIG. 1 showing a ?rst embodiment 
of the air-fuel ratio feedback type fuel injection system 
according to the present invention, numeral 1 desig 
nates an oxygen concentration detector which com 
prises a metal oxide such as zirconium dioxide or tita— 
niurn dioxide and whose output voltage varies in accor~ 
dance with the concentration of oxygen contained in 
the exhaust gases from an internal combustion engine. 
Numeral 2 designates an air-fuel ratio discriminating 
circuit for comparing the output of the oxygen concen 
tration detector 1 with an air-fuel ratio setting voltage 
VR to generate a discrimination output signal which is 
either a “0” or “1” signal as shown in FIG. 2 depending 
on whether the detected oxygen concentration of the 
exhaust gases is greater than or less than a preset oxy 
gen concentration or preset air-fuel ratio. Numeral 3 
designates an addition and subtraction command cir 
cuit whereby each time a sampling signal arrives, a 
command signal which is either “1” level or “0” level 
is generated to direct the operation of addition or sub 
traction in accordance with the discrimination signal. 
Numeral 4 designates a sampling signal generating cir 
cuit for generating sampling signals having a preset fre 
quency or synchronized with the revolution of the en 
gine and supplying them to the addition and subtrac 
tion command circuit 3. Numeral 5 designates a revers 
ible counter adapted for operation in response to the 
command signal from the addition and subtraction 
command circuit 3 to generate at its output a binary 
signal representing its count. The reversible counter 5 
is designed so that when the count of the reversible 
counter 5 exceeds its maximum counting capacity, the 
count is held at the maximum value if the addition is 
being performed, whereas the count is held'at “0” if the 
subtraction is being performed. The output of the re 
versible counter 5 which is represented by a binary 
code is applied to a D-A converter 6 representing a bi 
nary code of 2" ~ 2" to generate a stairstep voltage as 
shown in FIG. 3. This output voltage is applied to a 
computing unit 7 of the kind used in a known type of 
electronically controlled fuel injection system for inter~ 
nal combustion engines and it is used as one of the con 
ventional correction terms or engine parameters to 
control the pulse width of the injection pulses. Numeral 
8 designates an electromagnetic valve actuating circuit 
for amplifying the injection pulse signals. Numeral 9 
designates an electromagnetic valve which is con 
nected to a constant pressure fuel line and whose dura 
tion of the opening is controlled by the injection pulses. 
Numeral 100 designates an engine, 110 an exhaust 
pipe. 
With the construction described above, the operation 

of the ?rst embodiment will be described. Let it be as 
sumed that in FIG. 4 illustrating an air quantity versus 
injection time characteristic (hereinafter referred to as 
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an air-fuel ratio characteristic) of the electronically 
controlled fuel injection system installed in the engine, 
a curve 12 shows the actual air-fuel ratio characteristic 
and a curve :1 represents a preset air-fuel ratio charac 
teristic to be attained. The oxygen concentration detec 
tor l and the air-fuel ratio discriminating circuit 2 de 
termine whether the actual air-fuel ratio is greater than 
or less than the preset air-fuel ratio and the reversible 
counter 5 performs the addition or subtraction in ac 
cordance with the predetermined sampling signals. The 
count of the reversible counter 5 is then applied to the 
D-A converter 6 to produce a corresponding output 
voltage and the computing unit 7 calculates a pulse 
width corresponding to the output voltage of the D-A 
converter 6 to thereby effect an additive or subtractive 
correction of the pulse width of the injection pulses to 
stabilize it at the proper air-fuel ratio. This stable point 
is'such that the correction value is stabilized for exam 
ple in a range which is approximately corresponding to 
the count value 11.\' of the reversible counter 5 (e.g.. nx 
+ 1). However. the amount of change with respect to 
the air-fuel ratio of unit voltage Av shown in FIG. 3 may 
be reduced or the capacity of the reversible counter 5 
may be increased so that the correction value is stabi 
lized with the tolerance corresponding to i 1 count. 
and this is settable without giving rise to any practical 
inconvenience. Further. depending on the operation of 
the computing unit 7 which converts the unit voltage 
Ar to a unit correction value Ar, it is possible to preset 
so that Ar = Ar, or alternatively the correction value 

may be varied according to the engine load if it appears 
to be more advantageous in consideration of the 
amount of change of the unit voltage Ar. Assuming 
now that the operating condition of the engine is at a 
point PI in FIG. 4, the oxygen concentration detector 
I and the air-fuel ratio discriminating circuit 2 deter» 
mine that the mixture is too rich and thus generate a 
discrimination signal. As a result, sampling signals are 
applied to the reversible counter 5 storing the then cur 
rent condition and the count is successively deduced. 
In other words, the count is deduced as many times as 
there are the applied sampling signals until the output 
or the discrimination signal of the air-fuel ratio discrim 
inating circuit 2 is eventually reversed, that is the count 
is successively deduced for example by Ar, 2- Av, 3-Ar, 

. n'Ar until a predetermined air-fuel ratio is at 

tained. 
On the other hand. when the operating condition of 

the engine moves to a point P2 shown in FIG. 4, the 0x 
ygen concentration detector 1 and the air-fuel ratio dis 
criminating circuit 2 determine that the air-fuel ratio is 
less than the desired air-fuel ratio, that is. the mixture 
is too lean and a corresponding discrimination signal is 
generated. Consequently, the reversible counter 5 stor 
ing the then current condition increases its count as 
many times as there are the sampling signals applied 
thereto until the output or the discrimination signal of 
the air-fuel ratio discriminating circuit 2 is reversed, 
that is, the reversible counter 5 repeats its operation so 
that its count is successively increased as by Ar. 2'Ar, 
3-Ar. . . . , n'Ar until a predetermined air-fuel ratio is 

attained. Further, the pulse width of the injection pulse 
signals is corrected upon each injection by a value cor 
responding to the then current nx'Av to provide the 
proper injection pulse signals. 
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6 
Repetition of the above-described process enables 

the engine to operate with a predetermined air-fuel 
ratio over the entire operating range thereof. 

FIG. 5 shows a second embodiment of the present in 
vention which differs from the ?rst embodiment of 
FIG. 1 in that a power range detector comprising a 
manifold pressure detector 10 and a pressure level dis 
criminating circuit 11 as shown in FIG. 6 is added to 
detect the power range or the load range as in the ?rst 
embodiment of FIG. 1. In this power range, therefore, 
the negative feedback for maintaining the air-fuel ratio 
of for example 14.8 is interrupted to achieve a consid 
erable increase in the output torque of the engine. In 
other words, the pressure level discriminating circuit 
11 determines whether the output of the manifold pres 
sure detector 10 is higher than a preset pressure so that 
the D-A converter 6 and the computing unit 7 are 
switched on or off in accordance with the output signal 
of the pressure level discriminating circuit 11. When 
the D-A converter 6 and the computing unit 7 are 
switched off, the negative feedback is interrupted. Con 
sequently, as shown in the air-fuel ratio characteristic 
diagram of FIG. 7, the engine is operated along the 
characteristic curve a up to point P3, whereas after the 
point P3 the negative feedback is interrupted and the 
engine is operated along the characteristic curve b with 
an air-fuel ratio offor example 1.3 to 1.35. In this case. 
the manifold pressure detector 10 is of the type which 
is necessarily provided in any known type of electroni 
cally controlled fuel injection system and therefore it 
needs not be additionally provided and the conven 
tional pressure indicator may concurrently be used as 
the manifold pressure detector 10 of this invention. 
Further, since the detection of the power range, i.e., 
the comparison of the manifold pressure with the pre 
set pressure by the pressure level discriminating circuit 
ll requires as a matter of fact the detection of the dif 
ferential pressure between the manifold pressure and 
the atmospheric pressure, good results may also be ob 
tained, if a pressure switch which is turned on or off 
when the differential pressure between the manifold 
pressure and the atmospheric pressure is higher than a 
predetermined pressure is used and the signals of the 
D-A converter 6 and the computing unit 7 are switched 
on or off in accordance with the output of the pressure 
switch to switch on and off the negative feedback. Fur 
ther, the position of a baf?e plate placed within the in 
take manifold to detect the amount of air ?ow may also 
be detected to thereby similarly effect the required on 
off control of the negative feedback. 
The circuit construction and operation of a third em 

bodiment of the air-fuel ratio feedback type fuel injec— 
tion system according to the present invention will be 
described in detail with reference to the detailed circuit 
diagram shown in FIG. 8. The third embodiment differs 
from the ?rst embodiment of FIG. 1 in that it further 
comprises a holding circuit 12. In FIG. 8, numeral 2a 
designates a buffer ampli?er whereby the output volt 
age of the oxygen concentration detector 1 is amplified 
according to the value of ratio R2,./R2,, between resis 
tance values R2,, and R2,. of an input resistor 2b and a 
feedback resistor 2c and delivered to a comparator 2d. 
In the comparator 2d, the output of the ampli?er 2a is 
compared with the reference voltage VR obtained by 
dividing the potential determined by a Zener diode 2/1 
with resistors 20 and 2f, so that a “1” signal is gener 
ated when the output of the ampli?er 2a is higher than 
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the reference voltage, whereas a “0” signal is generated 
when the former is lower than the latter. In other 
words, it is arranged so that the output of the compara 
tor 2d is a “0” signal when the air-fuel ratio is greater 
than a predetermined value, whereas the comparator 
2d generates a “1” signal when the air~fuel ratio is 
lower than the predetermined value. Further, the com 
parator 2:1 is provided with a resistor 2;; which provides 
a suitable hysteresis to prevent any misoperation of the 
output of the comparator 2d (at a speed higher than the 
response speed) which may be caused by for example 
the presence of ripple components in the output signal 
of the oxygen concentration detector 1. The output of 
the air-fuel ratio discriminating circuit 2, i.e., the out 
put of the comparator 2d is applied to the addition and 
subtraction command circuit 3. The addition and sub 
traction command circuit 3 comprises a ?ip-?op 31 
and a gating circuit 32. In operation, a “1” signal ap 
pears at the output of one NAND gate 31a of the ?ip 
flop 31 when there is a “1” signal at the output of the 
comparator 2d, whereas a “1" signal appears at the 
output of the other NAND gate 311) when there is a “0” 
signal at the output of the comparator 2d. Numeral'31c 
designates an inverter for inverting the output of the 
comparator 2d and supplying it to the NAND gate 31a. 
In this way, a different input signal is always applied to 
the ?ip-?op 31 comprising the NAND gates 31:: and 
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31b. The gating circuit 32 comprises two three-input - 
NAND gates 32a and 32]), whereby the sampling sig 
nals from the sampling signal generating circuit 4 are 
added or subtracted depending on the command signal 
from the addition and subtraction command circuit 3. 
The holding circuit 12 for the reversible counter 5 

operates so that when the count of the reversible 
counter 5 is held at the maximum value when the count 
during the addition exceeds the maximum counting ca 
pacity, whereas the count is held at zero when the 
count exceeds the counting capacity during the sub~ 
traction, thereby preventing the application of further 
sampling signals from changing the count of the rever 
isible counter 5 and thus minimizing the occurrence of 
errors due to the limitation to the capacity of the 
counter 5. A maximum count detecting circuit 101 
comparises a NAND gate 1011:, an inverter 10117, a 
NAND gate 101(' with an expander and a NAND gate 
101d and generates pulse signals in such a manner that 
the output of the NAND gate 101d has a “0” signal 
only at the moment when all the outputs of the revers 
ible counter 5 have a “1” signal. In other circum 
stances, a “1” signal appears at the output of the 
NAND gate 101d. The NAND gate 101a and the in~ 
verter 1011) may be replaced with an AND gate. On the 
other hand, a zero detecting circuit 102 comprising 
four inverters 1020, a NAND gate 102]), an inverter 
1020, a NAND gate 1024 with an expander and a 
NAND gate 102e generates pulse signals in such a man 
ner that a “0” signal appears at the output of the 
NAND gate 102e only at the moment when all the out 
puts of the reversible counter 5 have a “0” signal. Oth 
erwise, a “1” signal appears at the output of the NAND 
gate 1022. A timing pulse generating circuit 103 com 
prising a NAND gate 1030 with an expander and a 
NAND gate 103/2 generates timing pulse signals in such 
a manner that a “0" signal appears at the output of the 
NAND gate 10312 at the moment when the output sig 
nal of the NAND gate 31b in the addition and subtrac 
tion command circuit 3 changes from “0" to “l.” Oth 
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8 
erwise, a “1" signal normally appears at the output of 
the NAND gate 103/). In the like manner, a timing 
pulse generating circuit 104 comprising a NAND gate, 
104a with an expander and a NAND gate 104/) gener 
ates timing pulse signals so that a “0” signal appears at 
the output of the NAND gate l04b only at the moment 
when the signal at the NAND gate 310 changes from 
“0” to “1." In other circumstances, a “1” signal nor 
mally appears at the output of the NAND gate 10417. A 
?ip-?op 105 comprising NAND gates 105a and 105b is 
operated by the command signal or the output of the 
addition and subtraction command circuit 3. In other 
words, in response to the timing signals from the. 
NAND gates 10311 and 104b, a “1” signal appears at 
the output of the NAND gate 105a for the operation of 
addition, whereas a “1” signal appears at the output of. 
the NAND gate 10512 for the operation of subtraction. 
When the count of the reversible counter 5 reaches its 
maximum counting capacity so that all the output have 
a “1” signal, the ?ip-?op 105 is reset by the NAND 
gate 101d with the result that the output of the NAND 
gate 105a has a “0” signal and the output of the NAND 
gate 105b has a “1” signal. The output signal of the 
NAND gate 1050 is applied to the NAND gate 32a and 
thus a “1” signal continuously appears at the output of 
the NAND gate 32a. Consequently, no sampling signal 
is applied to the reversible counter 5 and its count is 
maintained at the maximum value. Similarly, in the 
case of the subtraction, when all the outputs of the re 
versible counter 5 have a “0" signal, the flip-flop 105 
is reset by the NAND gate 1020 so that a “ l " signal ap 
pears at the output of the NAND gate 105a and a “0" 
signal appears at the output of the NAND gate 10512. 
The output signal of the NAND gate 105!) is applied to‘ 
the NAND gate 32!; and thus a “1” signal is continu 
ously produced at the output of the NAND gate 32h. 
As a result, no sampling signal is applied to the revers 
ible counter 5 to maintain its count at zero. 
The count of the reversible counter 5 obtained in the 

above-described manner is applied to the D-A con 
verter 6 where it is subjected to digital to analog con 
vertion by means of resistors 6a, 6/2, 60 and 6d and a 
summing ampli?er 60. Therefore, the output count of 
the reversible counter 5 is converted to obtain the stair 
step output Vn shown in FIG. 3 which corresponds to 
the output count of the reversible counter 5. in this 
case, the output of the reversible counter 5 is repre 
sented in the 8421 code and thus the resistors having 
the corresponding resistance values are provided. In 
other words, the resistor 60 having a resistance value R 
is connected to the output of the reversible counter 5 
representing the of“8,” the weighted resistor 6b having 
a resistance value 2R is connected to the output repre 
senting “4," the resistor 6c having a resistance value 4R 
is connected to the output representing “2” and the re 
sistor 6d having a resistance value SR is connected to 
the output representing “1.” Further, dividing resistors 
6f and 6g are provided so that when the operation of 
the summing ampli?er 6e is to be started at a potential 
other than a zero potential, a suitably divided potential 
by the dividing resistors 6fand 6g is applied to the non 
inverting input of the summing ampli?er 6e. Therefore, 
if the operation of the summing ampli?er 6e needs not 
be started at the zero potential (from the standpoint of 
the operation of the computing section), the dividing 
resistors 6fand 6g may be eliminated. A feedback resis 
tor 6/1 is provided to maintain the unit voltage Av 



3,895,611 
9 

shown in FIG. 3 at a predetermined value. The output 
signal of the summing ampli?er 60 is suitably corrected 
and converted into injection pulses by the computing 
unit 7 of the kind used in a known type of electronically 
controlled fuel injection system and the injection pulses 
are used to actuate the electromagnetic valuve 9 
through the electromagnetic valve actuating circuit 8. 
The sampling signal generating circuit 4 comprising 
two NAND gates 4a and 4b generates sampling signals 
of a predetermined frequency by suitably selecting ca 
pacitances C1 and C2 of capacitors 4c and 4d. 
Next, the fourth embodiment of the present inven 

tion shown in FIG. 9 will be described. The fourth em 
bodiment differs from the ?rst embodiment of FIG. 1 
in that when the response speed of the oxygen concen 
tration detector 1 decreases. the frequency of the sam 
pling signals for negative feedback control is decreased 
to correct the duration of the energization of the elec 
tromagnetic valve 9 and thereby to control the air-fuel 
ratio with improved accuracy. For this purpose, the fre 
quency of the sampling signals from the sampling signal 
generating circuit 4 is changed in accordance with the 
discrimination output signal from the air-fuel ratio dis 
criminating circuit 2. This'constitutes the only differ 
ence of the fourth embodiment from the ?rst embodi 
ment of FIG. 1. The response speed of the oxygen con 
centration detector I mounted in the exhaust pipe 110 
of the internal combustion engine 100 has a gradually 
falling characteristic as shown by the characteristic 
curve A in FIG. 10 when the air-fuel ratio becomes 
greater than a predetermined air-fuel ratio so that a 
transition occurs from the direction of the signal indic 
ative of “rich" mixture to the direction of the signal in 
dicative of “lean” mixture, while in the reverse situa 
tion it has an abruptly rising characteristic as shown by 
the characteristic curve B in FIG. 10. In other words, 
it is believed that the transition from the “rich” mixture 
state to the ‘*lean" mixture state is caused by the fact 
that the deposited fuel and the like on the wall of the 
inlet manifold are drawn into the engine 100 along with 
the injected fuel. 
Accordingly, the output signal of the air-fuel ratio 

discriminating circuit 2 is introduced into the sampling 
signal generating circuit 4 as shown in FIG. 9, whereby 
when the output signal or discrimination signal is a “1” 
signal, the sampling period is decreased to reduce the 
frequency of the sampling signals as compared with the 
case when the discrimination signal is a “0” signal. FIG. 
11 shows one form of the arrangement for varying the 
oscillation frequency of such sampling signal generat 
ing circuit 4 comprising a known type of astable multi 
vibrator. The construction and operation of this sam 
pling signal generating circuit 4 are as follows. When 
the discrimination output signal of the air-fuel ratio dis 
criminating circuit 2 is a “0" signal, it is inverted by an 
inverter 41 so that a transistor 40 is turned on and par 
allel resistors R are connected to resistors R1 and R2 to 
increase the oscillation frequency. In other words. the 
oscillation period is reduced. In this case, the resistance 
value of the resistors R is suitably selected to obtain a 
proper value for the oscillation frequency. On the other 
hand, when the discrimination output signal of the air 
fuel ratio discriminating circuit 2 changes to “ I ” signal, 
the transistor 40 turned off to decrease the oscillation 
frequency. 

FIG. 12 shows another arrangement wherein the 
sampling signal generating circuit 4 has a ?xed fre 
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10 
quency of oscillation, whereby when the discrimination 
output signal of the air-fuel ratio discriminating circuit 
2 is a “0” signal, said oscillation frequency is used as 
the frequency of the sampling signals, whereas when 
the discrimination output signal is a “1” signal, an os 
cillation frequency which is 1/n of the ?xed oscillation 
frequency is used as the oscillation frequency of the 
sampling signals. The construction and operation of 
this sampling signal generating circuit 4 are as follows. 
When the discrimination output signal is a “0” signal, 
the output signal of an oscillator 411 is directly sup 
plied through a NAND gate 412 and a NAND gate 416 
and its frequency as such is used as the frequency of the 
sampling signals. In this case, the output of a NAND 
gate 415 always has a “1” signal. 
On the other hand, when the discriminator output 

signal is a “1” signal, one input to the NAND gate 412 
is applied through an inverter 417 and thus it is alway 
a “0” signal causing the NAND gate 412 to continu 
ously produce a “1” signal. The discrimination output 
signal is passed through a NAND gate 413 and it is sub 
jected to frequency division by a factor of n by a scale 
of-n counter 414 from which the signal is passed 
through the NAND gate 415 and further through the 
NAND gate 416. In this way, a frequency which is one 
n-th of that of an oscillator 411 is used as the frequency 
of the sampling signals. In this case, the NAND gate 
415 serves to maintain a “1” signal at the output of the 
NAND gate 415 irrespective of the state of the ?ip-?op 
at the output stage of the scale-ofm counter 414 when 
the discrimination output signal is passed through the 
NAND gate 412. 
Next, the ?fth embodiment of the present invention 

shown in FIG. 13 will be described. This embodiment 
differs from the previously described embodiments in 
that it further comprises superposing means whereby 
an additional correction signal corresponding to the 
number of sampling by the sampling signals in the time 
period up to the reversal of the polarity of the feedback 
is superposed on the negative feedback system pro 
vided by the detection of the concentration of oxygen 
contained in the exhaust gases. In this way, where a 
correction value is used which is varied by a predeter 
mined amount for each sampling by the sampling sig 
nals or in accordance with the load, such correction 
value is increased as a means of eliminating such incon 
venience that the occurrence of a large discrepancy be 
tween the reference characteristic and the desired air 
fuel ratio characteristic results in a large time delay in 
attaining a predetermined air-fuel ratio or a stable 
point for the correction value. Moreover, it is possible 
to prevent such inconvenience which may be caused by 
the limitation to the response speed of the oxygen con 
centration detector when the frequency of sampling 
signals is increased. 

In FIG. 13, numeral 13 designates a superposing D-A 
converter for generating an output voltage propor 
tional to the number of sampling which is dependent on 
the determination of a level discriminating circuit 11. 
Numeral 14 designates an adder for producing the sum 
of the output voltage of the D-A converter 6 and the 
output voltage of the superposing D-A converter 13, 
whereby the resultant sum signal is applied to the com 
puting unit 7 of the kind used in a known type of elec 
tronically controlled fuel injection system for internal 
combustion engines and it is used as one of the conven 
tional correction terms, i.e., as one of the engine pa 
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rameters to control the pulse width of the injection 
pulses produced by the computing unit 7 and thereby 
to open the electromagnetic valve 9 connected to the 
electromagnetic valve actuating circuit 8 in accordance 
with the injection pulses. The level discriminating cir 
cuit 11, the superposing D-A converter 13 and the 
adder l4 constitute superposing means 15 whose de 
tailed circuit diagram is illustrated in FIG. 14. In FIG. 
14, the same reference numerals as used in the ?rst em 
bodiment of FIG. 1 designate the identical or like com 
ponent parts. 
With the‘construction described above, the operation 

of the ?fth embodiment is as follows. 
In the same manner as described with reference to 

the ?rst embodiment of FIG. 1, the D-A converter 6 
generates the required output signal. On the other 
hand, the level discriminating circuit 11 determines the 
number of the sampling signals generated in the time 
period up to the reversal of the discrimination output 
signal of the air-fuel ratio discrimination circuit 2, i.e., 
in the time period during which the discrimination out 
put signal remained at the same level. In response to 
the thus determined number of sampling, the superpos 
ing D-A converter 11 produces a superposing output 
voltage corresponding to the determined sampling 
number. To superpose this superposing output voltage 
on the output voltage of the D—A converter 6, the two 
voltages are added together in the adder l4. Conse 
quently, the computing unit 7 calculates a pulse width 
corresponding to the superposed output voltage of the 
adder l4 and effects an additive or subtractive correc 
tion on the pulse width of the injection pulses to stabi 
lize it at a value corresponding to a predetermined air 
fuel ratio. In this case, the addition by the superposing 
means 15 may include not only simple additions, but 
also such additions as including constant multiples de 
pending on the engine which is to be controlled. 
The system according to the ?fth embodiment has a 

remarkable advantage in that by virtue of the operation 
of the superposing means, the stable point can be 
reached quickly even in a region where there is a large 
discrepancy between the fundamental characteristic of 
‘the system installed in the engine and a predetermined 
air-fuel ratio characteristic and moreover the range of 
the stable region is narrow and the control can be ef 
fected with extremely high accuracy. 

Referring now to FIG. 15, a sixth embodiment of the 
system according to this invention will be described. 
The sixth embodiment differs from the previously de 
scribed first to ?fth embodiments in that while, in the 
latter, the D-A converter 6 converts the output of the 
reversible counter 5 into a stairstep output voltage as 
shown in FIG. 3, a correction value setting circuit 6' of 
the sixth embodiment converts the output of the revers 
ible counter 5 into a stairstep valve energization time 
or injection time duration as shown in FIG. 17. 

In the sixth embodiment of FIG. 15, the correction 
value setting circuit 6’ generates correction pulses 
which correct the injection time by the rate of unit cor 
rection value Ar per each count in accordance with the 
output of the reversible counter 5 as shown in FIG. 17 
(if necessary, this correction value may be varied in ac 
cordance with the load of the engine). In this way, the 
injection time according to the reference air-fuel ratio 
characteristic shown by the solid line in FIG. 18 is var 
ied. The reference injection time is varied in accor 
dance with the adjustment of a reference correction 
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value TC and the electromagnetic valves are opened 
during the thus modi?ed injection time. Numeral 7' 
designates a computing unit by which injection pulses 
having a time width corresponding to engine parame 
ters such as the manifold vacuum and engine tempera 
ture are generated and the correction value setting cir 
cuit 6' generates correction pulses in synchronism with 
the termination of the injection pulses to extend the du 
ration of the opening of the electromagnetic valves by 
the injection pulses. 
With the construction described above, the operation 

of the sixth embodiment is as follows. The reference 
air-fuel ratio characteristic is predetermined to provide 
a lean mixture in all the load ranges and the reference 
correction value 1C which is a multiple of the unit cor 
rection value A1- is added to ensure a mixture of ap 
proximately the predetermined air-fuel ratio. When the 
engine is started, the reversible counter 5 is ?rst set to 
the maximum count. The reason for setting the revers 
ible counter 5 to the maximum count is that the supply 
of a relatively rich mixture is required until the warm 
ing up of the engine is over and thereafter the oxygen 
concentration detector 1, the air-fuel ratio discriminat~ 
ing circuit 2 and the addition and subtraction command 
circuit 3 cause the reversible counter 5 to count in a di 
rection which performs the subtraction. Consequently, 
the correction value TC is gradually reduced so that if 
the count corresponding to the predetermined air-fuel 
ratio is designated as nx, the correction value is stabi 
lized within a range on either side of the count nx (nx 
i 1). By decreasing the amount of change of the unit 
correction value Ar with the air-fuel ratio or alternately 
by increasing the capacity of the reversible counter 5, 
the stabilization of the correction value with the toler 
ance oftt 1 count can be made without giving rise to 
any practical inconvenience and a highly accurate con 
trol can be ensured. Further, when the operating condi 
tions of the engine change so that the time width of the 
correction pulses is to be varied in a direction which in 
creases the reference correction value rC, the first sam 
pling causes the oxygen concentration detector 1, the 
air-fuel ratio discriminating circuit 2 and the addition 
and subtraction command circuit 3 to operate in a dire 
tion which enriches the air-fuel ratio and consequently 
the correction pulses having a time width TC + Ar are 
supplied from the correction value setting circuit 6' to 
the electromagnetic valve 9. Further, when the air-fuel 
ratio discriminating circuit 2 determines as the result of 
the second sampling that the quantity of fuel is insuffi 
cient, the correction value setting circuit 6’ is caused 
to generate the correction pulses having a time width 
'rC + 2A'r. When the further sampling indicates that the 
amounts of the previously made corrections are still in‘ 
adequate, the correction pulses having a time width TC 
+ 3A1 are supplied to the electromagnetic valve 9 from 
the correction value setting circuit 6’ and thus the cor 
rection by the air-fuel ratio feedback is stabilized at the 
point of 7C + nA'rd: Ar. Further change in the operating 
conditions of the engine also causes the subtractive op 
eration to take place and thus the correction value is 
stabilized at the point of 7C — nA-r i Ar. 
As described hereinbefore, the result of the determi 

nation of the air-fuel ratio by the preceeding sampling 
is stored in the reversible counter 5 so that the addition 
or subtraction of the unit correction value Ar is ef 
fected depending on the result of the succeeding sam 
pling and in this way a predetermined air-fuel ratio can 
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be maintained over the entire operating ranges of the 
engine. 
FIG. 19 shows a seventh embodiment of the system 

according to the present invention. This seventh em 
bodiment differs from the sixth embodiment of FIG. 15 
in that it further comprises a dead zone detecting cir 
cuit 111. In this embodiment. the air-fuel ratio discrim 
inating circuit 2 compares the output of the oxygen 
concentration detector 1 with the setting voltage VR 
for setting the air-fuel ratio c and it has a hysteresis 
characteristic as shown by the broken line in FIG. 20 
depending on whether the concentration of oxygen 
contained in the exhaust gases is greater than or less 
than the preset oxygen concentration corresponding to 
the preset‘air-fuel ratio to thereby'generate a discrimi 
nation output signal which is either a “0" or “1” level. 
The dead zone detecting circuit 111 provides a means 
for detecting the dead zone and it detects the fact that 
the output voltage of the oxygen concentration detec 
tor 1 has reached the level of the intermediate dead 
zone between the “0” level and the “1” level and pre 
vents the generation of the sampling signals. FIG. 21 
shows a detailed circuit diagram of the dead zone de 
tecting circuit 111. In FIG. 21, numeral 111a desig 
nates a lower limit comparator for detecting the lower 
limit of the intermediate dead zone, lllb an upper 
limit comparator for detecting the upper limit of the in 
termediate dead zone. lllc an inverter, 111d a NAND 
gate. 112 a constant pressure fuel line. 
With the construction described above, the operation 

of the seventh embodiment is as follows. Assuming now 
that the air-fuel ratio (‘ is lower than the value at point 
01 in FIG. 20 and the output of the air-fuel ratio dis 
~criminating circuit 2 is at the “1" level. the addition 
and subtraction command circuit 3 generates a com 
mand signal for addition each time the sampling signal 
is applied to the addition and subtraction command cir 
cuit 3. Consequently. the reversible counter 5 comes 
into operation in accordance with the count stored 
therein as the result of the preceeding sampling and the 
time width of the correction pulses generated by the 
correction value setting circuit 6' in accordance with 
the count of the reversible counter 5 is increased each 
time a further sampling is effected. In this way. the neg 
ative feedback control is performed wherein the dura 
tion of the opening of the electromagnetic valve 9 is 
corrected to increase it by an amount corresponding to 
the pulse width of the correction pulses in addition to 
the duration of the injection pulses from the computing 
unit 7' to thereby increase the air-fuel ratio c‘. 
On the other hand. when the air-fuel ratio 0 is greater 

than the value at point ('4 in FIG. 20 and the output of 
the air-fuel ratio discriminating circuit 2 is at the “0” 
level, the addition and subtraction command circuit 3 
generates a command signal for subtraction each time 
it receives the sampling signal and the reversible 
counter 5 performs the subtraction operation to de 
crease the time width of the correction pulses in accor~ 
dance with the count of the reversible counter 5. In this 
way. the negative feedback control is effected in which 
the extension of the duration of the opening of the elec 
tromagnetic valve 9 is decreased to reduce the air-fuel 
ratio 0. Further. since the output of the oxygen concen 
tration detector 1 has the output characteristic shown 
by the solid line connecting points a,,, 11,, a3 and as in 
FIG. 20, the air-fuel ratio discriminating circuit 2 gen 
crates its discrimination output signals of “1” and “0” 
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levels withthe hysteresis characteristic having the loop 
shown by the broken line connecting points a‘. a2, a;] 
and a.‘ in FIG. 20. Thus. the dead zone detecting circuit 
111 is provided to prevent the occurrence of a phe 
nomenon that the air-fuel ratio c swings back and force 
between the points (‘1 and ('4 due to the fact that the fuel 
quantity is increased or decreased until the level of the 
discriminating signal from the air-fuel ratio discriminat 
ing circuit 2 changes. In the dead zone detecting circuit 
111, the lower limit comparator 111a detects a point hl 
of the characteristic shown in FIG. 20 so that it gener» 
ates a detected lower limit signal of “I” level for the 
air-fuel ratio on the side of the point c. which is smaller 
than the air-fuel ratio ('2 corresponding to the point I21 
and the lower limit signal of “0” level for the air-fuel 
ratio on the side of the point ('4 which is greater than the 
air-fuel ratio ('2. The output signal of lower limit com 
parator 111a is inverted by the inverter 111c and it is 
then applied to one input of the NAND gate 111d.,On 
the other hand, the upper limit comparator lllh de 
tects a point 122 of the characteristic shown in FIG. 20 
so that it generates a detected upper limit signal of “1” 
level for the air-fuel ratio on the side of the point ('1 
which is smaller than the air-fuel ratio 0;, ‘corresponding 
to the point 122 and the upper limit signal of “0” level 
for the air-fuel ratio on the side of the pointc4 which 
is greater than the air-fuel ratio ('3. The output of the 
upper limit comparator 11112 is applied to the other 
input of the NAND gate 111d. Consequently. the de 
tected output signal of“0” level is generated only when 
both of the inputs to the NAND gate 1111! are of the 
“1” level. In other words. the detected output signal of 
the NAND gate 111d becomes a detected dead zone 
signal of“0” level when the air-fuel ratio 0 reaches and 
stays within the range of the intermediate dead zone 
between the points ('2 and ('3. The dead zone detecting 
circuit 111 which generates the above-described de 
tected signal controls the generation of the sampling 
signals so that the generation of the sampling signals is 
prevented when the air-fuel ratio reaches and stays be 
tween the points ('2 and ('3. As a result, the addition and 
subtraction command circuit 3 generates no command 
signal and thus the reversible counter 5 performs no 
adding or subtracting operation. When this occurs, the 
correction value setting circuit 6' generates the correc- ' 
tion pulses having the time width determined by the 
previous sampling and thereafter the fuel quantity is in 
creased or decreased with the determined correction 
value. Accordingly, when the engine load is constant. 
the air-fuel ratio does not swing between the points 0, 
and (‘4. but his controlled to stay at the lower limit 
point (‘2 or upper limit point (‘a of the intermediate dead 
zone. I 

We claim: 
1. An air-fuel ratio feedback type fuel injection sys 

tem having electromagnetic valve means connected to 
a constant pressure fuel line to inject the fuel into an 
internal combustion engine mounting the fuel injection 
system and a computing unit connected through an 
electromagnetic valve actuating circuit to the electro 
magnetic valve means for generating an injection pulse 
signal to determine the opening duration of the electro 
magnetic valve means thereby to control the quantity 
of said fuel to suitable various operating conditions of 
the internal combustion engine, comprising: 
an oxygen concentration detector mounted in an ex 
haust pipe of said engine for detecting the concen 




