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57 ABSTRACT 
An electrical fuel injection system for internal com 
bustion engines, in which the operation of regular 
electromagnetic fuel injection valves is forcibly pre 
vented so long as a starting electromagnetic fuel injec 
tion valve is in operation, whereby the engine can be 
started smoothly and positively without wetting the 
spark plug only with a readily atomizable fuel injected 
from the starting electromagnetic injection valve. 

6 Claims, 3 Drawing Figures 
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ELECTRICAL FUEL INJECTION SYSTEM FOR 
INTERNAL COMBUSTION ENGINES 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates generally to a fuel in 

jection system for internal combustion engines and 
more particularly to an electrical fuel injection system 
for a spark-ignition type internal combustion engine 
which employs no carburetor and in which the quantity 
of fuel required for the engine is electrically computed 
so that the electromagnetic injection valves are ener 
gized to inject fuel by pulse signals whose time width 
corresponds to the quantity of fuel required. 

2. Description of the Prior Art 
In known systems of this type, in addition to the regu 

lar electromagnetic injection valves designed to inject 
an electrically computed quantity of fuel during normal 
operation of the engine, a starting electromagnetic in 
jection valve is provided to inject a readily atomizable 
fuel, i.e., a fuel which is easily vaporized, to thereby en 
sure a good starting of the engine particularly at low 
temperatures of the engine. ... . 
Also the known electrical fuel injection systems gen 

erally employ a so-called warming-up enrichment 
method by which the quantity of fuel injected from the 
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regular electromagnetic injection valves is increased in 
accordance with the temperatures of an engine until 
the temperature of the engine attains a predetermined 
value after the starting thereof. 
With the conventional electrical fuel injection sys 

tems of the type described above, however, there is a 
drawback in that while both the starting electromag 
netic injection valve and regular electromagnetic injec 
tion valves inject the fuel upon starting the engine, un 
like the starting electromagnetic injection valve, the 
regular electromagnetic injection valves place great im 
portance on their high-speed response characteristics 
and are adapted to limit the spray angle of injected fuel 
so as to allow the injected fuel to be drawn into the cyl 
inders without falling along the inner walls of the intake 
manifold. This fact has the effect of making the atom 
ization of the injected fuel poor. Consequently, if the 
driver cranks over and over again owing to his lack of 
experience or the ignition spark is weak owing to the 
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lowered voltage of the battery while the bad atomiza 
tion fuel injected from the regular electromagnetic in 
jection valves to increase the amount of fuel for warm 
ing up of the engine and the fuel injected from the start 
ing electromagnetic injection valve is being drawn into 
the cylinders, the amount of the fuel remaining in the 
cylinders without being ignited and burned would be 
increased wetting the spark plug and rendering the igni 
tion difficult and hence the starting of the engine im 
possible. 

SUMMARY OF THE INVENTION 
To overcome the foregoing difficulties, it is an object 

of the present invention to provide an electrical fuel in 
jection system for internal combustion engines in 
which, noting the fact that at the operating tempera 
tures of the starting electromagnetic injection valve, a 
large quantity of poorly atomizable fuel injected from 
the regular electromagnetic injection valves only tends 
to wet the spark plug and thus gives rise to an inconve 
nience instead of contributing to a smooth starting of 
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the engine, the operation of the regular electromag 
netic injection valves is forcibly prevented during the 
time that the starting electromagnetic injection valve is 
in operation, so that the engine is started only with a 
readily atomizable fuel injected from the starting elec 
tromagnetic injection valve in a smooth and positive 
manner without wetting the spark plug. 

It is another object of the present invention to pro 
vide an electrical fuel injection system for internal 
combustion engines of the type in which the quantity 
of fuel required for an internal combustion engine is 
electrically calculated and the regular electromagnetic 
injection valves are energized to inject fuel by means of 
pulse signals whose time width corresponds to the said 
fuel quantity required and there is provided a starting 
electromagnetic injection valve designed to inject an 
engine starting fuel when starting the engine indepen 
dent of the regular electromagnetic injection valves, 
the system comprising a start detector for detecting the 
start of the internal combustion engine to produce an 
output signal, and a circuit for receiving the output sig 
nal of the start detector to prevent the operation of the 
regular electromagnetic injection valves and to ener 
gize only the starting electromagnetic injection valve. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is an electrical circuit diagram showing a first 

embodiment of the electrical fuel injection system for 
an internal combustion engine according to the present 
invention. . 

FIG. 2 is an electrical circuit diagram showing an em 
bodiment of the temperature detector and the start de 
tector employed in the electronic computing circuit of 
the system of the present invention. 
FIG. 3 is an electrical circuit diagram showing a sec 

ond embodiment of the system according to the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to FIG. 1 illustrating a first embodi 
ment of the present invention, numeral 1 designates an 
internal combustion engine with four cylinders; 2 an air 
intake manifold;3 an air cleaner; 4 a throttle valve. Nu 
merals 5, 6, 7 and 8 designate regular electromagnetic 
injection valves adapted, when energized, to open and 
inject fuel and located opposite to and adjacent the air 
inlet valves in the respective cylinders. Numeral 9 des 
ignates a starting electromagnetic injection valve lo 
cated at a position more remote from the intake mani 
fold 2 than the regular electromagnetic injection valves 
5 to 8 and directed toward the intake manifold 2. Nu 
meral 10 designates an electronic computing circuit for 
electrically detecting the number of revolutions of the 
engine 1, the pressure in the intake manifold 2 and the 
like to electrically compute from these inputs the quan 
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tity of fuel required for the engine and thus produce 
successively at its output terminals 10a, 10b, 10c and 
10d pulse signals whose time width corresponds to the 
computed fuel requirement of the engine. The elec 
tronic computing circuit 10 also includes therein a tem 
perature detector for detecting the temperature of the 
engine and a start detector for detecting the starting of 
the engine, whereby when the temperature of the en 
gine detected at the start thereof is below a preset value 
of 20°C, for example, a signal is produced at the output 
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terminal 10 e. Numerals 11, 2, 13 and 14 designate 
NAND gates having one input thereof respectively con 
nected to the output terminals 10a, 10b, 10c and 10d 
of the electronic computing circuit 10. Numerals 15, 
16, 17 and 18 designate inverter amplifiers wherein the 
outputs of the NAND gates 1, 12, 13 and 14 are in 
verted and amplified for application to the magnetic 
coils of the regular electromagnetic injection valves 5, 
6, 7 and 8. Numeral 19 designates a non-inverter ampli 
fier wherein the signal produced at the output terminal 
10e of the electronic computing circuit 10 is amplified 
and then applied to the magnetic coil of the starting 
electromagnetic injection valve 9; 20 an inverter for in 
verting the signal produced at the output terminal 10c 
and then applying the inverted signal to the other input 
terminals of the NAND gates 11, 12, 13 and 14. 
The temperature detector and the start detector in 

the electronic computing circuit 10 are constructed as 
shown in FIG. 2, in which numeral 21 designates the 
temperature detector; 22 a thermistor immersed in the 
cooling water of the engine 1; 23, 24 and 25, resistors; 
26 an amplifier; 27 a comparator amplifier; and 28 a 
Zener diode for generating a reference voltage which 
determines a preset temperature. It is prearranged such 
that a 0 signal is generated at the output terminal of the 
comparator amplifier 27 when the voltage representing 
the temperature of the engine 1 detected by the ther 
mistor 22 is lower than the reference voltage generated 
by the Zener diode 28 and representing the preset tem 
perature, while a 1 signal is generated at said output 
terminal when the former voltage is higher than the lat 
ter reference voltage. Numeral 29 designates a starting 
motor for cranking the engine 1; 30 a starter switch 
which is closed to operate the starting motor 29 for 
starting the engine 1; 31 the start detector; 32 and 33, 
resistors, 34 a transistor. It is prearranged such that 
when the starter switch 30 is open, that is, when the en 
gine 1 is not being started, the transistor 34 is non 
conducted producing a signal at its collector, whereas 
when the starter switch 30 is closed, that is, when the 
engine 1 is being started, the transistor 34 is conducted 
producing a 0 signal at its collector. Numerals 35 and 
36 designate diodes; 37 and 38, resistors; 39 a transis 
tor whose collector constitutes the output terminal 10e, 
40 a battery installed in the vehicle. 
With the arrangement described above, the opera 

tion of the fuel injection system according to the pres 
ent invention will now be explained. Assuming now 
that the starter switch 30 is closed to start the engine 
1 and the temperature of the engine 1 is then below the 
preset value, a 0 signal is generated at the collector of 
the transistor 34 of the start detector. 31 and also a 0 
signal is generated at the output terminal of the com 
parator amplifier 27 of the temperature detector 21, so 
that the transistor 39 is rendered non-conductive pro 
ducing a 1 signal at its collector, i.e., the output termi 
nal 10e of the electronic computing circuit 10. This 1 
signal is amplified by the non-inverter amplifier 19 and 
it is then applied to the magnetic coil of the starting 
electromagnetic injection valve 9 to inject the fuel into 
the intake manifold 2. On the other hand, the 1 signal 
produced at the output terminal 10e is inverted by the 
inverter 20 and the inverted 0 signal is then applied to 
the input terminals of the NAND gates 11, 12, 13 and 
14. This closes the NAND gates 11 to 4 and thus pre 
vents the signals produced at the output terminals 10a, 
10b, 10c and 10d of the electronic computing circuit 10 
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from passing through the NAND gates 11 to 14. Conse 
quently, if the temperature of the engine 1, when start 
ing is below the preset value, the operation of the regu 
lar electromagnetic injection valves 5, 6, 7 and 8 is 
forcibly prevented so that only the starting electromag 
netic injection valve 9 is operated to inject therefrom 
a readily vaporable fuel thereby ensuring a smooth 
starting of the engine. As the engine thus started 
eventually starts rotating by its own effort so that the 
cranking by the starting motor 29 is no longer required, 
the starter switch 30 is opened and thus the transistor 
34 of the start detector 31 is rendered non-conductive 
producing a 1 signal at the collector thereof. When this 
occurs, independently of the output signal of the tem 
perature detector 21, the transistor:39 is rendered con 
ductive thus producing an O signal at the output termi 
nal 10e of the electronic computing circuit 10. The oc 
currence of this 0 signal results in the de-energization 
of the starting electromagnetic injection valve 9 stop 
ping the injection of the fuel therefrom, and simulta 
neously the 0 signal produced at the output terminal 
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10e is inverted by the inverter 20 so that the inverted 
1 signal is applied to the NAND gates 11, 12, 13 and 
14 causing them to open. After the engine has started 
positively in this manner, the pulse signals produced at 
the output terminals 10a, 10b, 10c and 10d of the elec 
tronic computing circuit 10 for normal operation of the 
engine are applied in a predetermined sequence to the 
magnetic coils of the regular electromagnetic injection 
valves 5, 6, 7 and 8 through the NAND gates 11, 12, 
13 and 14 and through the inverter amplifier 15, 16, 17 
and 18 where the pulse signals are inverted and ampli 
fied. This causes the regular electromagnetic injection 
valves 5, 6, 7 and 8 to inject the fuel as required by the 
engine 1. At this time, as with the conventional sys 
tems, the regular electromagnetic injection valves 5, 6, 
7 and 8 inject, if required, an additional amount of fuel 
so as to warm up the engine until the temperature of 
the engine 1 attains another preset value of 40°C, for 
example, which is different from the one determined by 
the temperature detector. 21. In this case, such an en 
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richment for warming up does not give rise to any in 
convenience, since the engine has already started. 
On the other hand, if the temperature of the engine . . 

1, when starting, is higher than the preset value estab 
lished by the temperature detector 21, a 0 signal is pro 
duced at the output terminal 10e of the electronic com 
puting circuit 10 so that the starting electromagnetic 
injection valve 9 does not operate and instead the regu 
lar electromagnetic injection valves 5, 6, 7 and 8 come 
into operation. In other words, since the engine 1 has 
already warmed up, with no fuel injected from the 
starting electromagnetic injection valve 9, the engine 1 
can be smoothly started without wetting the spark plug 
by means of the fuel injected from the regular electro 
magnetic injection valves 5, 6, 7 and 8. 
While, in the first embodiment described above, the 

operation of the regular electromagnetic injection 
valves 5, 6, 7 and 8 is prevented and the starting elec 
tromagnetic injection valve 9 alone is operated only in 
case the temperature of the engine 1, when starting, is 
below the present value, in practice, whenever the en 
gine 1 is to be started, the operation of the regular elec 
tromagnetic injection valves 5 to 8 may be forcibly pre 
vented to allow the starting electromagnetic injection 
valve 9 to operate alone independently of the tempera 
ture of the engine 1. One form of the arrangement for 
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this purpose will be explained with reference to FIG. 3 
illustrating a second embodiment of the present inven 
tion. In FIG. 3, reference numerals identical with those 
which are used in FIGS. 1 and 2 designate the identical 
parts or their equivalents, and the collector of the tran 
sistor 34 of the start detector 31, i.e., the output termi- . 
nal 10e is connected to one input of the NAND gates 
11, 12, 13 and 14 and the output terminal 10e is also 
connected to the starting electromagnetic injection 
valve 9 through an inverter amplifier 41. 
The operation of this embodiment is as follows: as the 

starter switch 30 is closed so that the starting motor 29 
is operated to start the engine 1, the transistor 34 of the 
start detector 31 is rendered conductive producing at 
its collector a 0 signal which is applied to and closes the 
NAND gates 11, 12, 13 and 14. When this occurs, the 
operation of the regular electromagnetic injection 
valves 5, 6, 7 is forcibly prevented allowing the starting 
electromagnetic injection valve 9 to operate alone so as 
to inject a readily atomizable fuel. After the engine 1 
has started, the starter switch 30 is opened so that the 
transistor 34 of the start detector 31 is rendered non 
conductive producing a l signal at its collector. This 1 
signal is applied to stop the operation of the starting 
electromagnetic injection valve 9 and simultaneously 
the NAND gates 11, 12, 13 and 14 are opened. There 
after, the pulse signals generated at the output termi 
nais 10a, 10b, 10c and 10d of the electronic computing 
circuit 10 energize the regular electromagnetic injec 
tion valves 5, 6, 7 and 8 to inject the fuel to meet the 
fuel requirement of the engine I. 

It should be noted that the present invention is not 
limited to the embodiments described hereinabove and 
that various modifications and embodiments can be de 
vised that will fall within the spirit and scope of the 
present invention. For example, the NAND gates 11, 
12, 13 and 14 and the inverter 20 may be incorporated 
in the electronic computing circuit 10 and moreover 
these circuit elements may be converted into configu 
rations using negative logic. 

It will thus be seen that the present invention has a 
remarkable effect in that since the operation of the reg 
ular electromagnetic injection valves 5, 6, 7 and 8 is 
forcibly prevented while the starting electromagnetic 
injection valve 9 is in operation, if the temperature of 
the engine 1 is low and thus the atomization of the fuel 
injected from the regular electromagnetic injection 
valves 5, 6, 7 and 8 is poor, the engine 1 may be 
smoothly started without wetting the spark plug by 
means of a readily atomizable fuel injected from the 
starting electromagnetic injection valve 9. There is an 
other remarkable effect in that if the engine 1 has 
warmed up to the extent that the fuel injected from the 
regular electromagnetic injection valves 5, 6, 7 and 8 
can be vaporized satisfactorily, the engine can be 
readily and positively started only with the fuel injected 
from the regular electromagnetic injection valves 5, 6, 
7 and 8 without operating the starting electromagnetic 
injection valve 9. - 
We claim: 
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1. In an electrical fuel injection system for internal. 
combustion engines wherein the fuel requirement of an 
engine is electrically computed by an electronic com 
puting circuit so that the regular electromagnetic injec 
tion valves are energized to inject the fuel by pulse sig 
mals the time width of which corresponds to the fuel re 

65 

quirement, and wherein a starting electromagnetic in 

6 
jection valve is provided to atomize and inject, inde 
pendently and exclusively of the regular electromag 
netic injection valves, an engine starting fuel when 
starting the engine, the combination comprising a start 
detector for detecting the start of the engine and for 
generating an output signal, and a circuit means con 
nected with said start detector for receiving said output 
signal of said start detector for preventing the opera 
tion of the regular electromagnetic injection valves and 
for energizing only the starting electromagnetic injec 
tion valve to thereby provide an atomized fuel to said 
engine when said engine is starting. 

2. In an electrical fuel injection system for internal 
combustion engines wherein the fuel requirement of an 
engine is electrically computed by an electronic com 
puting circuit so that the regular electromagnetic injec 
tion valves are energized to inject the fuel by pulse sig 
nals the time width of which corresponds to the fuel re 
quirement, and wherein a starting electromagnetic in 

20jection valve is provided to atomize and inject, inde 
pendently and exclusively of the regular electromag 
netic injection valves, an engine starting fuel when 
starting the engine, the combination comprising a start 
detector for detecting the start of the engine and for 
generating an output signal when said engine is being . 
started, a temperature detector for detecting the tem 
perature of the engine, said detector generating an out 
put signal when the engine temperature is lower than 
a preset value, and a circuit means connected with said 
start detector and said temperature detector for pre 
venting the operation of the regular electromagnetic 
injection valves and for energizing only the starting 
electromagnetic injection valve when said output sig 
nals of said start detector and said temperature detec 
tor. are simultaneously generated. 

3. An electrical fuel injection system according to 
claim 1, wherein said circuit comprises: 
a logic gate circuit having a first input terminal con 
nected to said electronic computing circuit, a sec 
ond input terminal connected to said start detector, 
and a first output terminal connected to said regu 
lar electromagnetic injection valves, and 

an inverter circuit having an input terminal con 
nected to said start detector, and an output termi 
nal connected to said starting electromagnetic in 
jection valve. , 

4. The electrical fuel injection system of claim 1 
wherein said circuit comprises: 

gating means coupling the output of said electronic 
computing circuit with said regular electromag 
netic injection valve, 

means response to the output of said start detector 
for inhibiting said gating means when said internal 
combustion engine is being started and for enabling 
said gating means after said internal combustion 
engine is started, and . . . 

gating means responsive to the output signal of said 
start detector for energizing the starting electro 
magnetic valve. 

5. The electrical fuel injection system of claim 2 
wherein said circuit comprises: 
a logic gating circuit having a first input terminal con 
nected to said electronic computing circuit, 

an inverter having an input terminal connected to 
said start detector and an output terminal con 
nected to the other input terminals of said logic 
gating circuit, said logic gating circuit having an 
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output terminal connected to said regular electro 
magnetic injection valve wherein said logic gating 
circuits are inhibited when the output signals of 
said start detector and said temperature detector 
are simultaneously generated and wherein said 
logic gating circuits are enabled when said engine 
is started or said engine temperature goes above a 
preset level. 

6. The electrical fuel injection system of claim 2 
wherein said circuit comprises gating means coupling 
the output of said electronic computing circuit with 
said regular electromagnetic valve, means responsive 
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to the output of said start detector and said tempera 
ture detector for inhibiting said gating means when said 
internal combustion engine is being started and the 
temperature of said engine is below a preset level, and 
for enabling said gating means after said engine is 
started or the temperature of said engine goes above 
said preset level, and means responsive to the output 
signal of said start detector and said temperature detec 
tor for energizing the starting electromagnetic valve 
when said engine is being started and when the temper 
ature is below a preset level. 
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