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CONTROL DEVICE FOR FUEL SUPPLY IN 
INTERNAL COMBUSTION ENGINES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a control device of 

the fuel supply system for internal combustion engines. 
More particularly, the invention resides in improving 
the performance characteristics of solenoid valves used 
as controlling means, thereby permitting a highly 
precise control of the fuel supply. 

2. Description of the Prior Art 
In the control device of a fuel supply system of the 

fuel injection type, a fuel injection nozzle is located at 
each inlet stub of an internal combustion engine, 
whereby the amount of fuel to be injected from the in 
jection nozzle is controlled by means of a controlling 
valve. 

Since the amount Q of fuel to be injected is ex 
pressed as a product between a ?ow rate 3 (per unit 
time) and a period of time t, the control of the fuel 
amount Q may be effected by varying the flow rate g 
and/or the period of time t. The control may be realized 
through variation of the amount of release and/or the 
opening time of the controlling valve. 
The controlling valve is classi?ed into the mechani 

cal control type and the electromagnetic control type 
(a solenoid valve), and the latter is more advantageous 
for apparatus which determine the amount of fuel to be 
supplied to internal combustion engines depending 
upon the conditions. 

This is because such an apparatus may be easily real 
ized by detecting the various conditions in the form of 
electrical signals and operating them with an electrical 
operational unit, thereby controlling a current ?owing 
through an electromagnetic winding or coil. 

In addition, the control by means of the electromag 
netic valve is easier with variations in the time width of 
opening time than with those in the amount of the 
opening. There has therefore been generally employed 
a method according to which the electrical signals are 
operated to provide a pulse-shaped drive voltage of a 
desired time width, which is then impressed upon the 
electromagnetic coil to change the opening time width 
of the valve. 

In the actual control, the rate of variations in the 
amount of fuel is of a very small value. Therefore, in 
order to precisely control the amount, a small flow rate 
3 and a large time width 1 are more advantageous. 

However, the initiation of the opening of the elec 
tromagnetic valve is often controlled so as to enable 
fuel to be injected during a period in which a suction 
valve is opened in synchronism with the rotation of a 
crank-shaft of an internal combustion engine. An ex 
cessive opening time width 2‘ is therefore not desirable. 

Furthermore, the excessive opening time width t 
poses a problem in that it may possibly overlap the sub 
sequent injection. 

In addition, the electromagnetic valve exhibits an 
opened moment which lags over the pulse-shaped drive 
voltage applied to the electromagnetic coil, and hence 
this delay time should also be taken into consideration. 
As a result, the maximum opening time width 1,,“ 
becomes an extremely small value. 
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2 
SUMMARY OF THE INVENTION ' 

It is accordingly an object of the invention to provide 
a device which broadens the opening time width 1 of a 
solenoid valve under the above-mentioned restrictive 
conditions, thereby permitting a highly precise fuel 
control. 
A feature of the invention resides in that there are 

shortened both a delay time measuring from the im 
pression of a drive voltage upon an electromagnetic 
coil of the solenoid valve to the completion of the 
opening of the valve and a delay time measuring from 
the removal of the drive voltage to the closure of the 
valve, with the result that a wider control of the max 
imum opening time width rm“ is made possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a prior art electrical connec 
tion conventionally used in driving a solenoid valve; 

FIGS. 2a and 2b are waveform diagrams of voltages 
at the drive of a solenoid valve; 

FIG. 3 is an electrical connection diagram showing 
an embodiment of the present invention; 

FIG. 4 is a diagram of a current characteristic curve 
in the embodiment shown in FIG. 3; and 

FIGS. 5 and 6 are electrical connection diagrams 
respectively showing further embodiments. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Prior to the description of the embodiments of the in 
vention, reference will be made to a prior art electrical 
circuit arrangement as shown in FIG. 1, which has been 
used in driving a solenoid valve. 
The circuit arrangement comprises a series circuit 

connected to a terminal 1 of a power source and con 
sisting of an electromagnetic coil 2, a resistor 3 and the 
emitter-collector circuit of a transistor 4 for control, 
and a signal circuit having the base of the transistor 4 
connected through a resistor 5 to a signal input ter 
minal 6. 
When in such an electrical circuit arrangement a bias 

voltage is impressed upon the signal input terminal 6 
thereby to control the internal resistance across the 
emitter and collector of the transistor 4, a current is 
caused to ?ow through the electromagnetic coil 2 
which may be controlled to operate the opening and 
closure of the solenoid valve. 
when the input terminal 6 of the transistor 4 is sup 

plied with a drive voltage as shown in FIG. 2a, the ter 
minal voltage V of the electromagnetic winding 2 va 
ries as illustrated in FIG. 2b. 

Observing this curve, an in?ection point is seen 
therein at a moment Td, after the application of a drive 
voltage. 

This is caused by the fact that the current flowing 
through the electromagnetic coil 2 increases with a 
time constant, which is determined by the inductive 
reactance L as well as winding resistance r of the elec 
tromagnetic coil 2 itself and the resistance R of the ex 
ternal resistor 3, to accordingly increase an elec 
tromagnetic force, with the result that a plunger to 
operate the valve is moved and the permeance of the 
magnetic circuit is thereby changed. 
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Accordingly, this moment is the instant at which the 
opening of the valve is completed, and the period of 
time Tdl is the delay time in opening the electromag 
netic valve. 
When the drive voltage is thereafter removed from 

the electromagnetic coil 2, the current flowing 
therethrough will be cut off. Then a counter electromo 
tive force appears in dependence upon the cutoff speed 
and the magnitude of the current having been ?owing 
through the electromagnetic coil 2, and the voltage 
produced is attenuated in a period of time Td; which is 
determined by the collector leakage current of the 
transistor 4 and other leakage currents. 
The terminal voltage V of the electromagnetic coil 2 

is slowly attenuated thereafter. 
Variations in this region are caused by demagnetiza 

tion of magnetic materials included in the magnetic cir 
cuit, and the terminal voltage V is damped following 
the speed of demagnetization. 
The curve is observed to have another in?ection 

point at a moment at which a period of time Td, has 
elapsed after removal of the drive voltage. The in?ec 
tion point is due to a variation in the permeance which 
in turn is caused by the fact that energy in the magnetic 
circuit decreases to reduce the attractive force 
whereby the plunger has been reset. 

Accordingly, this moment is the instant at which the 
closure of the solenoid valve is ?nished, and the period 
of time Tdz is the closure delay time. 
Such two delay times as mentioned may be shortened 

by improving the magnetic material, but such an im 
provement is subject to limitations. 

In order to make shorter the delay times, a method 
has hitherto been employed in which a high and pulse 
shaped auxiliary voltage is superposedly impressed 
from a separate circuit in the region where the opening 
is initiated, whereby the delay at the opening is shor 
tened. However, no satisfactory results have been ob 
tained. 

This is because the method only increases the voltage 
at the initiation of opening the valve, so that even if it 
may really reduce the opening delay time, it has never 
been capable of improving the closure delay time. 
The present invention makes the two delay times still 

shorter through an appropriate control of a current 
?owing through the electromagnetic coil. 
An embodiment shown in FIG. 3 realizes the reduc 

tion in the time delay by connecting a capacitor 7 in 
parallel with the resistor 3. 
The respective values of the circuit elements are 

determined such that when the transistor 4 is brought 
into the conductive state, a steady current caused to 
?ow through the electromagnetic coil 2 becomes equal 
to or slightly higher than a holding current required to 
maintain the opened state of the electromagnetic valve, 
and in addition, a current caused to ?ow through the 
electromagnetic coil 2 in the process of a transient 
phenomenon and dependent upon the inductive 
reactance L as well as winding resistance r of the coil 2, 
the value R of the resistor 3 and the value C of the 
capacitor 7 becomes larger than the opening current of 
the solenoid valve, this transient phenomenon being 
non-oscillatory. 
With such an electrical circuit arrangement, upon 

bringing the transistor 4 into the conductive state, a 
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4 
large current is caused to flow, as shown in FIG. 4, 
through the electromagnetic coil 2 via the capacitor 7 
in the last region, whereby the electromagnetic valve is 
opened. Thereafter, charging of the capacitor 7 is 
completed, so that a holding current of the electromag 
netic valve is caused to flow via the resistor 3. 

Accordingly, at the initiation of the opening of the 
solenoid valve, a large current ?ows to shorten the 
opening delay time. 
On the other hand, at the initiation of the closure of 

the solenoid valve, the current which is ?owing through 
the electromagnetic coil 2 is small, hence a counter 
electromotive force which takes place, due to the cur 
rent interruption, is feeble and the damping thereof is 
effected in a short period of time, so that the closure 
delay time Tda can be remarkably shortened. 
An experiment with an electromagnetic valve which 

has an electromagnetic coil 2 wherein L = 4mI-l and r = 
2.00, showed the following results: 

R C Tdl Td,I 
(not in 

Prior Art 4.5!] eluded) 2.0ms 2. 3ms 
Invention 
(I) 16.60 I00 pF l.9rns 1.6ms 
(2) 16.60 200 uF 1.8ms l.6ms 

In addition, such control may be similarly effected by 
using a transistor circuit connected across the resistor 3 
in place of the capacitor 7. Control is also possible by 
controlling the internal resistance across the emitter 
and collector electrodes of the transistor 4. 

Referring to FIG. 5, description will be made of a 
further embodiment in which use is made of the above 
mentioned transistor circuit including a capacitor. 

In FIG. 5, the resistor 3 is connected in parallel with 
the emitter-collector circuit of a transistor 8, the base 
electrode of which is connected to the input terminal 6 
through a resistor 9 and a capacitor 7'. 
There is provided a diode 10 for discharging charges 

in the capacitor 7 ’. 
There will now be described a case wherein in the 

above arrangement, the input terminal 6 is impressed 
with a positive pulse-shaped signal voltage as illustrated 
in FIG. 2a. 

First, since the base-emitter circuit of the transistor 4 
is biased in the forward direction in this case, the 
emitter-collector circuit of the transistor 4 is brought to 
the conductive state. Since the terminal voltage of the 
capacitor 7' is not charged in the initial region, the 
signal voltage is simultaneously biased in the forward 
direction, the base-emitter circuit of the transistor 8 
through the capacitor 7’ and the resistor 9, thereby 
bringing the emitter-collector circuit of the same to the 
conductive state. 

Accordingly the current caused to ?ow into the elec 
tromagnetic coil 2 from the power source terminal 1 
comes to pass through the emitter-collector circuits of 
both the transistors 8 and 4. 
The impedance of this current circuit is of a low 

value due to the inductive reactance L as well as the 
winding resistance r of the electromagnetic winding 2, 
and hence the current is high and quickly completes 
the opening of the electromagnetic valve. 
The capacitor 7', after a current has ?owed 

therethrough for a predetermined period of time, has 
its terminal voltage raised, so that the base current of 
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the transistor 8 is reduced. Therefore the internal re 
sistance across the emitter and collector circuit thereof 
is increased, with the result that the current ?owing 
through the electromagnetic coil 2 is decreased. When 
the transistor 8 reaches the nonsconductive state, the 
current which flows through the electromagnetic coil 2 
will be reduced to a holding current determined by the 
winding resistance r of the coil 2 and the resistance R of 
the resistor 3. 
When the signal voltage having been impressed upon 

the input terminal 6 is removed after the lapse of a 
predetermined period of time, the emitter-collector cir 
cuit of the transistor 4 will become non-conductive and 
the current ?owing through the electromagnetic coil 2 
will also be cut off. Since the current ?owing through 
the electromagnetic coil 2 at this moment is the holding 
current which is relatively small, the counter elec 
tromotive force is small and consequently the solenoid 
valve is rapidly reset. Simultaneously, charges stored in 
the capacitor 7' are discharged through the low im 
pedance of the diode 10 in the forward direction, and 
preparations are made for the subsequent operation. 
A still further embodiment shown in P10. 6 has the 

capacitor 7' connected in parallel with the base resistor 
5 of the transistor 4. The resistance of the resistor 5 is 
set so that the collector current of the transistor 4 may 
be made the holding current of the electromagnetic 
valve by means of a signal voltage to be impressed upon 
the input terminal 6. The capacitance of the capacitor 
7' is set so that such a high current that the collector 
current of the transistor 4 can open the solenoid valve 
as quickly as possible, may be caused to ?ow through 
the capacitor 7' during a very short period of time 
between impression of the signal voltage and opening 
of the solenoid valve. 

It will be understood that such an embodiment may 
shorten the delay in operation of the electromagnetic 
valve in the same way as in the previous embodiments. 
As described above, according to the invention, a 

large current is caused to flow through an electromag 
netic coil at the initiation of the opening of an elec 
tromagnetic valve thereby to quickly complete the 
opening, while thereafter the current is interrupted 
after being once reduced to a holding current, with the 
result that particularly the time delay may be con 
spicuously shortened. 

Accordingly, the electromagnetic valve may be 
satisfactorily controlled even when the opening time 
width 1 is made relatively large, thus permitting a highly 
precise control of the fuel supply. 

I claim: 
1. A control circuit for controlling the supply of fuel 

in an internal combustion engine, including a solenoid 
valve for controlling the amount of fuel to be supplied 
to the internal combustion engine through the ?ow of 
current through the electromagnetic winding of said 
solenoid valve, one side of said winding being con 
nected to a source of supply voltage over a predeter 
mined period of time, said circuit comprising“: 

an input terminal for supplying a control signal hav 
ing a prescribed duration extending from a ?rst 
portion for initiating the ?ow of current through 
said winding to a second portion for terminating 
the flow of current through said winding, the dura 
tion of said current flow through said winding con 
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6 
trolling the length of time that said solenoid valve 
is energized, to thereby effect the supply of fuel to 
said engine over said predetermined period of 
time; 

switching means, coupled between said input ter 
minal and said winding, for switching into said 
winding a current from said source of supply volt 
age in response to said control signal, the am 
plitude of said control signal over said prescribed 
duration being sufficient to energize said switching 
means; and 

means, coupled to said switching means, for substan 
tially shortening any delay time existing between 
the ?ow and cut-off of current of a sufficient mag 
nitude to energize said winding, so as to effect the 
supply of fuel to said engine, including circuit 
means for supplying a substantially large current to 
said winding in response to said ?rst portion of said 
control signal, so as to energize said valve winding 
to open said valve, and for reducing the counter 
electromotive force in said winding upon the oc 
currence of said second portion of said control 
signal and for maintaining the supply of current of 
a sufficient magnitude to keep said winding ener 
gized prior to said second portion of said control 
signal, wherein said switching means comprises a 
?rst transistor, a ?rst electrode of which is re 
sistively connected to said solenoid winding, a 
second electrode of which is connected to a 
reference potential and a third electrode of which 
is resistively connected to said input terminal and 
wherein said circuit means comprises a capacitor 
connected in parallel with the resistive connection 
of one of said electrodes of said ?rst transistor. 

2. A circuit according to claim 1, wherein said circuit 
means comprises a capacitor connected in parallel with 
the resistive connection of said ?rst electrode of said 
?rst transistor with said solenoid winding. 

3. A circuit according to claim 1, wherein said circuit 
means comprises a capacitor connected in parallel with 
a resistive connection of said third electrode of said 
?rst transistor with said input terminal. 

4. A circuit according to claim 2, wherein said first 
electrode of said ?rst transistor is the collector elec 
trode thereof, said second electrode is the emitter elec 
trode thereof, and said third electrode is the base elec 
trode thereof. 

5. A circuit according to claim 3, wherein said ?rst 
electrode of said ?rst transistor is the collector elec 
trode thereof, said second electrode is the emitter elec 
trode thereof, and said third electrode is the base elec 
trode thereof. 

6. A control circuit for controlling the supply of fuel 
in an internal combustion engine, including a solenoid 
valve for controlling the amount of fuel to be supplied 
to the internal combustion engine through the flow of 
current through the electromagnetic winding of said 
solenoid valve, one side of said winding being con 
nected to a source of supply voltage over a predeter 
mined period of time, said circuit comprising: 

an input terminal for supplying a control signal hav 
ing a prescribed duration extending from a ?rst 
portion for initiating the flow of current through 
said winding to a second portion for terminating 
the flow of current through said winding, the dura 
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tion of said current flow through said winding con 
trolling the length of time that said solenoid valve 
is energized, to thereby effect the supply of fuel to 
said engine over said predetermined period of 
time; 

switching means, coupled between said input ter 
minal and said winding, for switching into said 
winding a current from said source of supply volt 
age in response to said control signal, the am 
plitude of said control signal over said prescribed 
duration being su?icient to energize said switching 
means; and 

means coupled to said switching means for substan 
tially shortening any delay time existing between 
the flow and cut-off of current of a sufficient mag 
nitude to energize said winding, so as to effect the 
supply of fuel to said engine, including circuit 
means for supplying a substantially large current to 
said winding in response to said ?rst portion of said 
control signal, so as to energize said valve winding 
to open said valve, and for reducing the counter 
electromotive force in said winding upon the oc 
currence of said second portion of said control 
signal and for maintaining the supply of current of 
a suf?cient magnitude to keep said winding ener 
gized prior to said second portion of said control 
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8 
signal, wherein said switching means comprises a 
?rst transistor, a ?rst electrode of which is re 
sistively connected to said solenoid winding, a 
second electrode of which is connected to a 
reference potential and a third electrode of which 
is resistively connected to said input terminal, 
wherein said circuit means comprises a second 
transistor having ?rst and second electrodes 
thereof connected across the resistive connection 
between said ?rst electrode of said ?rst transistor 
and said solenoid winding and a third electrode 
thereof capacitively coupled to said input ter 
minal. 

7. A circuit according to claim 6, wherein said circuit 
means comprises a resistor-capacitor series connection 
between said third electrode of said second transistor 
and said input terminal, and a diode connected 
between a junction of said resistor and capacitor con 
nected in series forming said series connection, and 
said reference potential. 

8. A circuit according to claim 7, wherein said ?rst, 
second and third electrodes of said second transistor 
are the collector, emitter and base electrodes thereof, 
respectively. 

* * * it it 


