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[57] ABSTRACT 
In a fuel injection apparatus for an internal combus 
tion engine, including a fuel pump for feeding fuel 
from a fuel tank to a fuel distributor, an over?ow 
valve for regulating the pressure of the fuel in said fuel 
distributor and solenoid valves provided in the same 
number as the number of cylinders of the engine and 
connected to said fuel distributor to act as fuel injec 
tion valves, said solenoid valves are driven by a vari 
able frequency oscillatorv and the frequency of said 
variable frequency oscillator is controlled in accor 
dance with the average quantity of air sucked by the 
engine per unit time and further said solenoid valves 
are opened and closed by means of a pulse row inde 
pendent of the engine speed. 

2 Claims, 4 Drawing Figures 
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l 
FUEL INJECTION APPARATUS FOR INTERNAL 

COMBUSTION ENGINE 

This application is a continuation-in-part of the U.S. 
Ser. No. 64,766 ?led on Aug. 18, 1970 (now aban 
doned). 
This invention relates‘ to a fuel injection apparatus for 

an internal combustion engine and more particularly to 
an electronically controlled fuel injection apparatus for 1 
an external ignition-type internal combustion engine, in 
which solenoid valves are provided as fuel injection 
valves, and the open period and frequency of said sole 
noid valves are controlled thereby to meter fuel. 

In a conventionally known fuel injection apparatus of 
this type, the quantity of intake air per one cycle of the 
engine is determined from the intake pipe pressure, and 
fuel is metered according to this pressure and supplied 
to the engine in synchronism with the engine rotation. 
Such a system is generally called a speed density sys 
tem. This prior art system is operable on the premise 
that the intake pipe pressure and the quantity of air 
supplied per'one cycle of the engine completely match 
with each other. In practice, however, this functional 
relation between the intake pipe pressure and the quan 
tity of air is variable depending upon the engine speed, 

> and thus it becomes necessary to compensate the en 
gine speed. However, the compensation of the engine 
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speed is extremely difficult and the intended object ' 
cannot be fully attained. Therefore, the prior art system 
has suffered the fatal drawback that the optimum mix 
ture ratio cannot be obtained at a certain engine speed. 
Moreover, according to this prior art system the meter 
ing of fuel must be'carried out with respect to two vari 
ables, i.e., the engine speed and the intake pressure, 
and this problem has been solved by a method in which 
the fuel is injected always in synchronism with the en 
gine speed, thereby controlling the fuel with respect to 
the intake pressure. However, such a method has im 
posed on the system the restriction that the fuel injec 
tion system injects fuel insynchronism with the enging 
speed. . 

In order to obviate the drawbacks described above, 
the present invention has for its objects the provision 
of a fuel injection apparatus for an internal combustion 
engine, in which the flow rate of the intake air in mea 
sured and the flow rate of fuel is controlled to be opti 
mum for the measured intake air flow rate by control 
ling the open period of solenoid valves, used as fuel in 
jection valves, according to the frequency of pulses of 
a predetermined time width to which said open period 
is ?xed, whereby the air-fuel mixture ratio can be ex 
actly adjusted to the optimum value only by regulating 
the fuel flow rate per-unit time, without being bothered 
by the problem of synchronizing the fuel injection with 
the engine speed. 
The present invention will be described in detail 

hereunder with reference to the accompanying draw 
ings, in which: - 
FIG. 1 is an illustrative diagram showing the overall 

arrangement of one embodiment of the fuel injection 
apparatus according to the present invention; 
FIG. 2 is a view showing one form of the intake air 

?ow rate detector used in the apparatus; 
FIGS. 3(a) and 3(b) are diagram illustrating pulse 

rows applied to the solenoid valves respectively; 
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2 
FIG. 3(0) is a diagram illustrating the relationship be 

tween the frequency and the average fuel flow rate per 
unit time; and , 
FIG. 4 is an electrical circuit diagram of the oscilla 

tor. 

With reference to FIG. 1, the fuel injection apparatus 
according to the present invention includes a fuel tank 
1, a fuel pump 2, an over?ow valve 3 and a fuel distrib 
utor 4. The fuel pump 2 is driven from an electric 

0 motor not shown to pump fuel from the fuel tank I. 
The pumped fuel is partially returned to the fuel tank 
1 through the over?ow valve 3 and a fuel return pipe 
5, so as to maintain the fuel pressure in conduits 6, 7 
and the fuel distributor 4 at a constant value. The fuel 
distributor 4 is connected by fuel injection pipes 8 with 
solenoid valves 9 provided in the same number as the 
number of cylinders of the associated engine, so that 
fuel may be supplied concurrently to said solenoid 
valves 9. The fuel pressure in each solenoid valve 9 is 
the same as that in the fuel distributor 4 and is main 
tained constant. 
Each solenoid valve 9 is provided in an intake pipe 

11 of the engine 10. The intake air of the engine 10 is 
introduced into the intake pipe 1 1 through an intake air 
?ow rate measurer l5 and an intake air flow rate regu 
lator l2, and fed to the respective cylinders, not shown, 
of the engine 10. The intake air ?ow rate is regulated 
by the degree of opening of a throttle valve 13 in the 
air ?ow rate regulator 12 and said throttle valve 13 is 
operatively connected to an accelerator pedal 14 
through a link mechanism. Thus, it will be seen that the 
air ?ow rate is regulated by the accelerator pedal actu 
ated by the driver. 
The flow rate of fuel to be supplied to the engine 10 

is controlled in accordance with the flow rate of intake 
air supplied to the engine, and the metering of fuel is 
effected by the operation of the solenoid valves 9. 
Namely, the period of conducting a current through 
each solenoid valve 9 at a time is always constant but 
the frequency of the current is varied. 
FIGS. 3(a) and 3(b) show drive pulses to be applied 

to the solenoid valve 9, and FIG. 3(a) exempli?es the 
case wherein the pulses are applied at a frequency just 
twice as large as that of the pulses shown in FIG. 3(b). 
As may be apparent from these Figures, the avarage 
fuel ?ow rate Q,‘ cc/s per unit time is in linear func 
tional relation with the frequency, as shown in FIG. 
3(c), and it will, therefore, be understood that the aver 
age fuel ?ow rate Q,‘ cc/s can be controlled by varying 
the frequency of the pulses of a completely constant 
width. 
The intake air measurer 15 may, for example, be of 

the construction shown in FIG. 2, which comprises a 
ventri 18, a conical body 19 and a spring 20. As is well 
known the time-wise average air ?ow rate Q, cc/s is in 
proportion to the amount of displacement of the coni 
cal body 19. In the present invention, the amount of 
displacement of the conical body 19 is taken out by a 
link mechanism 21 and said link mechanism 21 is con 
nected, for example, to a potentiometer (see FIG. 4), 
whereby the time-wise average air ?ow rate 0,, cc/s can 
be detected as the resistance value of a variable resistor 
16 (see FIG. 4). It is to be understood that the air flow 
rate measurer shown in FIG. 2 is only illustrative and 
a known flow meter of the type which detects the time 
wise average air ?ow rate Q, cc/s as a voltage, can of 
course be used for said air ?ow rate measurer. 
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A variation of the time-wise average air flow rate Q, 

cc/s is detected as a variation of the electric resistance 
value as stated above, and it will be obviously under 
stood that, in this case, the electric resistance value 
may be compensated according to the ambient temper 
ature, the ambient atmospheric pressure, the ambient 
humidity and the throttle acceleration and deceleration 
as required. By controlling the time-wise average fuel 
flow rate QF cc/s according to the resistance value, it 
becomes possible to control the fuel supply so as to ob 
tain the optimum air-fuel ratio, only by varying the fre 
quency of pulses at a constant pulse width, indepen 
dently of the engine speed and without the necessity for 
synchronizing the fuel supply with the engine speed. 
For generating a row of pulses at a frequency variable 

according to the variation of the resistance value of the 
variable resistor 16, as described above, an oscillator 
17 is used whic will be described hereunder: 
With reference ?rst to FIG. 4, the oscillator to deter 

mine the number of pulses is comprised of an astable 
multivibrator 22, a shaping circuit 23 for shaping the 
waveform of the output of astable multivibrator 22, a 
monostable multivibrator 24 triggered by said shaping 
circuit 23 to determine the pulse width and a driving 
circuit 25 operated by said output to actuate the sole 
noid valves 9. Reference numeral 26 designates a bat 
tery. 
Astable multivibrator 22 is comprised of resistors 

22a, 22c, 22c and 22h, capacitors 22d and 22f, 
transistors 22b and 22g, and the variable resistor 16, 
which are combined in a known manner. If the resis 
tance value of the variable resistor 16 is constant, the 
multivibrator 22 will oscillate at a constant frequency, 
but here the resistance value of the variable resistor 16‘ 
varies according to the air flow rate and hence the fre 
quency varies. The output of the non-stable multivibra 
tor 22 is applied to the shaping circuit 23 which is com 
posed of resistors 23a, 23b and 23d and a transistor 23c 
and shapes the waveform. The output of the shaping 
circuit 23 is applied to the monostable multivibrator 24 
which is of a known construction and composed of re 
sistors 24a, 24d, 24g, 24h and 24k, capacitors 24c, 24c 
and 24i, transistors 24b and 24j, and a diode 24f. 
The monostable multivibrator 24 generates pulse sig 

nals of a constant width at a frequency as determined 
by the aforesaid oscillator and non-stable multivibrator 
22. The pulse signals thus generated are applied to a 
driving circuit composed of resistors 25a, 25b, 25c and 
25c, and transistors 25d and 25f, and the solenoid 
valves 9 are driven for a period corresponding to the 
pulse width. 
Although the manner in which the solenoid valves 9 

are controlled has been described above with reference 
to only one of them, it should be understood that the 
other solenoid valves are controlled in the similar man 
ner. 

As described above, in the fuel injection apparatus 
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4 
for an internal combustion engine, according to the 
present invention, a variation of the time-wise avarage 
?ow rate of the intake air is detected upon converting 
it into a variation of resistance‘ value and a row of 
pulses which are constant in width and variable only in 
frequency is obtained according to the detected value, 
and then the pulses are supplied to each solenoid valve 
9 to meter the time-wise average fuel ?ow rate Op cc/s 
as a function of said frequency. Therefore, the fuel in 
jection apparatus has such remarkable advantages that 
the fuel can be metered and supplied at a time-wise av 
erage ?ow rate optimum to the time-wise average flow 
rate of the intake air, that the compensation of the en 
gine speed is unnecessary which has been necessary in 
the conventional speed density system, that the pulse 
generator is not required to be synchronized with the 
engine speed, and that, therefore, the apparatus is ex 
tremely simple in construction. 
What is claimed is: 
l. A fuel injection apparatus for an internal combus 

tion engine, comprising 
at least one solenoid valve provided in an intake pipe 
of the engine upstream of an intake valve, 

fuel supply means connected to said solenoid valve 
for supplying fuel at a constant pressure to said so 
lenoid valve, 

an air flow rate measuring means provided in the in 
take pipe for detecting the flow rate of the intake 
air and generating an output which varies in accor 
dance with the detected intake air ?ow rate, and 

an oscillator connected to said air ?ow rate measur 
ing means in circuit and generating pulses of a con 
stant width at a frequency in accordance with the 
output of said measuring means, said oscillator 
being connected to said solenoid valve in circuit 
and said solenoid valve being opened every time a 
pulse is generated by said oscillator, whereby the 
fuel at the constant pressure is injected and said os 
cillator including a variable resistor connected to 
said air flow rate measuring means and being vari 
able in resistance value according to the output of 
said measuring means, an astable multivibrator 
connected to said variable resistor in circuit and 
generating pulses at a frequency in accordance 
with the resistance value of said variable resistor, 
and a monostable multivibrator connected to said 
astable multi-vibrator in circuit and triggered by 
the pulses from said astable multivibrator to gener 
ate pulses of a constant width which are applied to 
said solenoid valve. 

2. A fuel injection apparatus according to claim I, 
wherein said solenoid valve is provided in the same 
number as the number of cylinders of the engine and 
said fuel supply means includes a distributor capable of 
supplying the fuel at the constant pressure concurrently 
to said respective solenoid valves. 
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