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FUEL SUPPLY DEVICE FOR INTERNAL
COMBUSTION ENGINES

BACKGROUND OF THE INVENTION

This invention relates to a fuel supply device for use
with carburetors of internal combustion engines of au-
tomobiles or the like in which fuel is supplied at an op-
timum air fuel ratio conforming to the operating condi-
tion of the engine. More particularly, it relates to a fuel
supply device in which the fuel injection timing and in-
jection duration are appropriately controlled in accor-
dance with the operating condition of the engine.

Conventional fuel supply devices for automobile en-
gines are of the type wherein the amount of fuel intro-
duced into the engine is due to the difference between
the pressure in the fuel chamber and the negative pres-
sure produced in the Venturi fuel nozzle by the velocity
of air flow. In supply devices of the type described
above, however, the Venturi negative pressure is influ-
enced by environmental conditions such as tempera-
ture and atmospheric pressure as well as by the number
of engine revolutions, thus causing a discrepancy be-
tween the fuel injection amount required by the engine
and the amount of fuel actually injected. Consequently,
it is difficult to obtain the optimum air fuel ratio for
given environmental and engine loading conditions.

In addition to fuel supply devices utilizing the Ven-
turi negative pressure, an injection type fuel supply de-
vice has been proposed in which the amount of fuel to
be supplied. is electrically controlled by employing the
manifold negative pressure and the number of engine
revolutions as the engine loading signal to obtain the
characteristic values indicating the operating condi-
tions of the engine, thus injecting fuel into air intermit-
tently or continuously. However, as such a device uti-
lizes a medium other than fuel, for example electricity
or air, for calculating the characteristic values indicat-
ing the operating conditions of the engine, a separate
energy source for providing such a medium is required.
Moreover, the detecting and control mechanism for ad-
justing the fuel amount to the operating conditions of
the engine are complicated.

SUMMARY OF THE INVENTION

The object of this invention is to control the amount
of fuel supplied to an engine in accordance with its op-
erating characteristics by simple calculations having a
hlgh degree of accuracy and to simplify the construc-
tion of the calculating mechanism without using any
other medium than fuel.

In fuel supply devices of the type in which fuel is in-
Jected into the intake air in an intake pipe by calculat-
ing and controllmg the number of engine revolutions
and the engine load, the above-described object is at-
tained by the provision of a rotating pulse generatmg
means utilizing liquid fuel as a medium for generating
a fluid pulse 51gnal which is in synchronism with the
number of engine revolutions per unit time and a fluid
calculating means adapted to perform multiplication by
replacing the internal pressure in-an intake manifold by
the liquid resistance of liquid fuel so that the pulse du-
ration of the fluid pulse signal is changed, thus control-
ling the amount of fuel to be injected in accordance
with the width of the pulse. signal.

In another aspect of the invention, the rotating pulse
generating means comprises a pulse generator for pro-
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ducing a pulse signal conforming to the fuel injection
timing by detecting the number of engine revolutions
per unit time, and a fluid element for shaping wave
forms. The fluid calculating means comprises a variable
liquid resistor provided with a throttle portion for
changing the area of a liquid fuel passage in accordance
with the internal pressure of the intake manifold, a fluid
element for controlling pulse width which is set by the
pulse signal and is reset by the throttled signal obtained
from the variable liquid resistor in order to change the
pulse width, and a fluid element for fuel injection which
is controlled by the output signal of the pulse-width
control fluid element to inject fuel into the intake mani-
fold, thus determining the pulse width from the rela-
tionship between the set signal and reset signal at the
pulse-width controt fluid element.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings: .

FIG. 1 illustrates schematically the fuel supply device
according to this invention;

FIG. 2 illustrates schematically a rotating pulse gen-
erating means to be used in the device according to this
invention;

FIG. 3 is a circuit diagram of an embodlment of the
device according to this invention;

FIGS. 4A and 4B illustrate in different views an ex-
ample of the pulse-width modulating means to be used
in the device of this invention;

FIG. 5 is a diagram showing the relationship between
the input and output pressures and time in the pulse-
width modulating means; and

FIG. 6 is a connection diagram of the contro! circuit
in a six cylinder engine in which the device of this in-
vention is applied.

DESCRIPTION OF A PREFERRED EMBODIMENT

Referring now to FIG. 1, the fuel supply device com-
prises a liquid fuel supply means B, a rotating pulse
generating means C and a fluid calculating means F
having a pulse-width modulating means D and a fuel
distribution and injection means E in combination with
an intake manifold assembly A. The intake manifold
assembly A comprises a throttle valve 12 installed
within an intake manifold 11 downstream of an air
cleaner 10. The amount of air is changed by displacing
the throttle valve 12 in conformity with the engine out-
put. The liquid fuel supply means B comprises a filter
2, a fuel pump 3, a pressure modulator 4 which are all
connected in series on a conduit 5 extending from a
fuel tank 1. The conduit 5 is branched into two direc-
tions; a conduit 6 directed to the fluid calculating
means F and a conduit 7 directed to the rotating pulse
generating means C. The liquid fuel for calculation
control and injection that is regulated to a predeter-
mined pressure is directly supplied to the means C and
E, respectively. The rotating pulse generating means C
develops pulsewise fluid pressure in the liquid fuel me-
dium in conformity with the number of engine revolu-
tions per unit time and is connected to the fluid calcu-
lating means F by means of a conduit 16 for set pulse,
thereby performing setting operation for the calculat-
ing mechanism. In the fluid calculating means F, the
pulse-width modulating means D multiplies the number
of engine revolution by the internal pressure of the in-
take manifold 11 so that the width of the fluid pulses
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is.changed in conformity with the air pressure in the in-
take manifold 11. The fuel injection duration conform-
ing to the width of the fluid pulses is obtained by the in-
jection means. E. Furthermore, the fluid calculating
means F is also connected to the rotating pulse generat-
ing means C by means of a conduit 17 for resetting,
thus making sure that the calculation control is stopped
when the supplying fuel is completed. With respect to
the fluid calculating means F, the intake manifold as-
sembly A comprises an air intake regulating valve 14
and a throttle valve 13 connected to the resetting con-
duit 17, (See FIG. 3) both valves being provided in par-
allel with the throttle valve 12 of the intake manifold
11. Also, both valves are responsive to the temperature
of the cooling water. Valve 14 is designed to change the
amount of intake air and valve 13 is used to change the
pulse width thereby adjusting the sensitivity of the fluid
-calculating operation. Moreover, the excess fuel in the
rotating pulse generating means C and the fluid calcu-
lating means F is returned to the fuel tank 1 through
feed-back conduits 18 and 19.

Referring to FIGS. 2 and- 3, the rotating pulse gener-
ating means C comprises a pulse generator 9 and a pure
fluid element 45 for wave-form shaping. In the pulse
generator 9, as shown in FIG. 2, two rotating discs 24
and 25 having notches 24’ and 25’, respectively, are se-
cured to a shaft 27 rotating in synchronism with the
revolutions of the engine. A nozzle 22 having a throttle
21 and connected to-the conduit 7 on the fuel pump
side is provided in a position facing the notch 24’ of the
rotating disc 24, thereby generating a fuel medium fluid
pulse conforming to the position of the constant revolv-
ing angle of the engine at an output port 23 of the noz-
zle 22."A nozzle 26 connected to the resetting conduit
extending from the fluid calculating means F is pro-
vided in a position facing the notch 25’ of the rotating
disc 25. Thus, the fuel fluid pressure required for oper-
ation of the fluid calculating means F is rapidly de-
creased in synchronism with the zero signal of the fluid
pulse, thereby assuring calculation control. As shown
in FIG. 3, the output port 23 of the pulse generator 9
is connected by way of a conduit 29 to a control port
30 of the wave-form shaping pure fluid element 45 to
which the liquid fuel is supplied in advance through the
conduit 7, An outlet 32’ of the fluid element 45 is con-
nected to the fuel tank 1 by the feed-back conduit 19,
and another outlet 32 thereof is connected to the reset-
ting conduit 16, thus shaping the waveform of the fluid
pulse. ’

In FIG. 3, the fluid calculating means F is shown with
only one channel illustrated. The fluid calculating
means F comprises the pulse-width modulating means
D having a variable liquid resistor 31 and a pulse-width
control pure fluid element 46, and further comprises

the fuel injection means E having a pure fluid element °

47 for fuel injection. The variable liquid resistor 31 has
an intake air pressure detecting bellows 28 which ex-
pands and contracts in accordance with the internal
pressure in the intake manifold. The interior of the cyl-
inder is divided into an inlet chamber 33 and an outlet
chamber 35 by means of a driving shaft 54 connected
directly to the bellows 28. The inlet chamber 33 is con-
nected to the setting conduit 16 extending from the
wave-form shaping pure fluid element 45 and includes
a fuel shut-off valve 52 at the lateral wall of the cylinder
together with a valve rod 55 provided on the driving
shaft 54. A throttle portion 53 is provided between the
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inlet chamber 33 and the outiet chamber 35 so that the
area of the fluid passage between both chambers is
changed in conformity with the displacement of the
driving shaft 54. The outlet chamber 35 is coupled to
a fluid volume 34 having a bellows and a spring.

The liquid fuel is supplied to the pulse-width control
pure fluid element 46 through the conduit 6 on the fuel
pump side. An inlet port 39 thereof at the setting side
is connected to the fuel shut-off valve 52 of the variable
liquid resistor 3% by means of a conduit 51, and an
input port 40 thereof at the resetting side is connected
to the outlet chamber 35 of the variable liquid resistor
31 by means of a conduit 36, which is in turn connected
to the throttle valve 13 through the conduit 37. The
fuel is supplied to the fuel injection pure fluid element
47 through the conduit 6 in a manner similar to that de-
scribed above. Control ports 43 and 44 thereof are con-
nected to output ports 41 and 42 of the pulse-width
control pure fluid element 46, respectively. One output
port 48’ of the fluid element 47 is connected to the fuel
tank 1 through the feed-back conduit 18 and another
output port 48 thereof is connected by means of a con-
duit 49 to-an injection port 15 provided downstream of
the throttle valve 12 of the intake manifold 11.

The operation of the fluid calculating means F of the
above-described construction will be described herein-
below. In the variable liquid resistor 31, the driving
shaft 54 is positioned in accordance with the internal
pressure of the intake manifold. The pressure ap-
proaches atmospheric pressure at the time of accelera-
tion when the engine load is large, and the shaft 54 is
moved to the right to increase the throttling action of
the throttle portion 53, thereby increasing the liquid
resistance. The fluid pulse admitted into the inlet
chamber 33 of the variable liquid resistor 31 is passed
from the fuel shut-off valve 52 through the conduit 51
to the setting side inlet port 39 of the pulse-width con-
trol pure fluid element 46, thus deflecting the main jet
of the fluid element 46 toward the output port 41. At
the ame time, it is passed into the output port 35
through the throttle portion 53. Then, the fluid pulse is
passed to the resetting side inlet port 40 of the fluid ele-
ment 46 through the conduit 36, while being converted
by the fluid volume 34 into a saw-tooth pressure wave
determined by the time constant thereof. Thus, based
on the relationship between the fluid pulse passed into
the input port 39 at the setting side and the saw-tooth
pressure wave admitted into the input port 40 at the re-
setting side, the pulse-width control pure fluid element
46 controls the flow of fuel to the injection port 15
through the fuel injection pure fluid element 47 into
the intake manifold 11 until the pressure of the saw-
tooth pressure wave reaches the level at which the main
jet is changed over from the output port 41 to the out-
put port 42.

The operation of the above-described pulse-width
modulating means D will be described with reference
to the wave-form diagram of FIG. 5. While the input
pulse fto be applied to the setting side input port 39 of
the pulse-width control pure fluid element 46 is of
nearly rectangular shape, the saw-tooth pressure wave
applied to the resetting side input port 40 is succes-
sively changed from the curve b to the curves ¢ and d
as the time constant determined by the liquid resistance
of the variable liquid resistor 31 and the volume of the
fluid volume 34 is increased, thus increasing the time
duration required until the resetting pressure level e is



3,827,415

5

reached. Consequently, the output pulse g determining
the fuel injection duration takes the waveform in which
the pulse duration is changed by multiplying the num-
ber of engine revolution by the internal pressure of the
intake manifold.

As described above, the fuel supply device is con-
trolled so that the liquid resistance of the variable lig-
uid resistor 31 is increased to increase the fuel injection
duration; that is, the amount of fuel supplied, when the

" engine load is large and the internal pressure of the in-
take manifold is high: In contrast, if the engine load is
light, the fuel supply device is controlled so that the lig-
uid resistance is decreased to increase the supply pres-
sure to the resetting side input port 40 of the pulse-
width control pure fluid element 46 rapidly, thus de-
creasing the fuel supply duration and consequently the
amount of fuel injected. Furthermore, at the time the
engine is started, the throttle valve 13 and the intake air
regulating valve 14 are open in response to the temper-
ature of the cooling water, and a part of the pressure
supplied to the resetting side of the pulse-width control
pure fluid element 46 escapes through the throttle
valve 13. Consequently, the time constant is further in-
creased and the width of the output pulse is increased,
thus permitting a large amount of fuel to be supplied.
At the same time, the amount of intake air is increased
independently of the throttle valve 12 due to the open-
ing of the intake air regulating valve 14. Thus, starting
of the engine is smoothly controlled. When the engine
is very lightly loaded, the fuel shut-off valve 52 is closed
to shut off the flow of the fluid pulse to the setting side
of the pulse-width control pure fluid element 46. Thus,
neither control over the fluid calculation nor fuel injec-
tion is accomplished.

The construction of the intake air pressure detecting
bellows 28, variable liquid resistor 31 and fluid volume
34 of the pulse-width modulating means D will be de-
scribed in more detail with reference to FIGS. 4A and
4B.

First, the intake air pressure detecting bellows 28 and
the variable liquid resistor 31 will be described with ref-
erence to FIG. 4A. By means of the bellows 28 the in-
terior of a cylinder 65 is divided into a pressure cham-
ber 58 to be connected to the interior of the intake
manifold 11 and a chamber 66 which is held at a con-
stant pressure to compensate the characteristic
changes caused by the variation in atmospheric pres-
sure. The bellows 28 is provided with a return spring 60
so as to maintain the displacement of the bellows due
to its expansion and contraction at a certain ratio. A
piston 64 is fitted into a cylinder 59 of the pressure
chamber 58. The piston 64 is integrally connected with
the driving shaft 54 through a connecting rod 57, and
a pawl 56 thereof is slidably contacted to a resistance
plate 62 provided removably at one lateral side of the
cylinder, thus defining the. throttle portion 53. The in-
terior of the cylinder 59 is divided by the driving shaft
54 into the input chamber 33 and the output chamber
35. The input chamber 33 is connected to the setting
conduit 16 through a hole 61 and is further connected
to the conduit 51 through the fuel shut-off valve 52 de-
fined by said chamber and the valve rod 55 provided at
the driving shaft 54, The output chamber 34 is con-
nected to the conduit 36 of the fluid volume 34 by
means of a passage 50, Referring to FIG. 4B, the resis-
tance plate 62 has a fluid passing groove 63 at a place
where the pawl 56 of the driving shaft 54 slides. Thus,
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throttling action is performed with the vertical move-
ment of the pawl 56 to change the liquid resistance. In
order to obtain the liquid resistance conforming to the
engine performance, the fluid passing groove 63 is con-
figured into a desired  shape by means of chemical
treatment such as etching. In the illustrated case, the
groove width at the lower part e is specifically in-
creased so that the liquid resistance is decreased and
the fuel is decreased or shut off when the engine load
is light. The configuration of the fluid passing groove
63 may be varied so that the amount of fuel injected is
not influenced by the pressure at the injection port 15.
Thus, in a manner similar to that described above, the
variable liquid resistor 31 increases the liquid resis-
tance with increase in the engine load and in the inter-
nal pressure of the intake manifold 11, as a result of
which the quantity of fuel supplied is increased. As the
cross-sectional area of the piston 64 is larger than that
of the driving shaft 54, the volume of the outlet cham-
ber 35 is increased during acceleration when the inter-
nal pressure of the intake manifold 11 is increasing.
Consequently, the width of the output pulse as well as
the fuel supply amount are increased, and accelerated
injection is accomplished. On the other hand, at the
time of deceleration when the internal pressure is de-
creasing, the fuel supply amount is reduced by decreas-
ing the width of the output pulse.

A variable container 67 comprising a bellows or the
like is sealingly installed with respect to a hold 69. A
spring 68 is provided between the variable container 67
and a case 70. The fluid pressure pulse to be passed
from the variable liquid resistor 31 through the conduit
36 into the fluid volume 34 is balanced with the reac-
tion force of the spring 68, thus inflating the variable
container 67. The fluid pressure pulse is transformed
into a saw-tooth pressure wave in accordance with the
time constant in the manner described hereinbefore.
The liquid fuel accumulated in the variable container
67 is rapidly discharged through the resetting nozzle 26
shown in FIG. 3 each time the calculation is completed,
thus returning the pressure at the resetting side input
port 40 of the pulse-width control pure fluid element
46 to atmospheric.

Referring now to FIG. 6, the fuel supply device ap-
plied to a six cylinder engine will be described. The in-
take manifold assembly A is constructed in a manner
similar to that described hereinbefore. However, in
order to improve the distribution accuracy of the fuel
to be supplied to respective cylinders of the engine, in-
jection ports 71 through 76 are provided for the respec-
tive cylinders. The liquid fuel supply means B is of the
same construction as the one described before and is
designed to supply fuel to respective units by means of
a pump 3. The rotating pulse generating means C pro-
duces fluid pulse each time the engine makes two revo-
lutions. The pulse-width modulating means D of the
fluid calculating means comprises the variable liquid
resistor 31 which also serves as a valve mechanism for
distributing fuel to respective cylinders, and further
comprises two pulse-width control pure fluid elements
46 and 46'. The fuel distribution and injection means
E employs six bistable pure fluid elements 47’ corre-
sponding to the fuel injection pure fluid element 47 in
order to distribute the modulated fluid pulses to respec-
tive cylinders with a high degree of accuracy. These
fluid elements 47’ are divided into two groups. Thus,
the fuel is successively injected into respective cylin-
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ders in the amount determined and controlled by multi-
plying the number of engine revolution by the internal
pressure of the intake manifold in the manner de-
scribed hereinbefore.

As described above, the fuel supply device according
to this invention utilizes liquid fuel to perform a calcu-
lation and control function by multiplying the number
of engine revolution by the internal pressure of the in-
take mainfold (density of intake air). Consequently,
the optimum and highly accurate fuel supply control
conforming to the engine performance and exhaust
characteristic is insured. As the liquid fuel is used as a
calculating medium, the construction of the control
system is simplified, and such factors as reliability and
others are fully satisfied. Structurally speaking, the de-
termination of the amount of fuel required in accor-
dance with the operating condition of the engine is ac-
complished by using a variable liquid resistor, fluid vol-
ume, fluid elements and other fluid components. As a
result comprehensive control and fine adjustments can
be attained thereby contributing to improved accuracy.
A fluid passing groove of a resistance plate defining a
throttle portion of a variable liquid resistor may be ap-
propriately configured in conformity with the engine
performance, exhaust characteristic, injection port
pressure and other parameters. Furthermore, the de-
vice according to this invention is advantageous in that
the -control characteristic of the air fuel ratio can be
" freely adjusted to an optimum value in conformity with
the operating condition of the engine.

The volume of the output chamber of the variable
liquid resistor is increased or decreased with the in-
crease or decrease in the manifold pressure, and there-
fore the volume of the output chamber is increased at
the time of acceleration when the manifold pressure is
increased, thus increasing the time duration required
until the output of a pulse-width control pure fluid ele-
ment is reset. In other words, at the time of accelera-
tion the amount of fuel to be injected may be increased
in accordance with the degree of acceleration. Acceler-
ated injection, as is done in conventional carburetors,
can also be accomplished. On the other hand, the vol-
ume of the output chamber is decreased at the time of
deceleration, and therefore the time required until re-
setting (that is, the fuel injection duration) is further
decreased. Furthermore, the above-mentioned opera-
tions can be accomplished almost simultaneously with
the operation of throttle valves, and therefore the re-
sponse characteristic is quite high, compared with me-
chanical accelerator pumps of conventional type.

What is claimed is: ' ‘

1. In an internal combustion engine of the type
wherein the amount of fue! injected into the intake air
is determined by the number of engine revolutions per
unit time and by the engine load, a fuel supply system
comprising;

pulse generating means displaceable at a rate corre-
sponding to the number of revolutions per unit
time of said engine and adapted to receive liquid
fuel, said pulse generating means generating a fluid
pulse signal in synchronism with said engine revo-
lutions;

a variable liquid resistor having a resistance corre-
sponding to the pressure within the intake manifold
of said engine, said resistor producing a set pulse
signal when it receives said fluid pulse signal from
said pulse generating means and a reset pulse signal
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a predetermined interval after said set pulse signal
is produced, said interval corresponding to the re-
sistance of said liquid resistor; and

fluid element means coupled to said liquid resistor

and adapted to receive liquid fuel, said fluid ele-
ment injecting said fuel into the intake air during
said predetermined interval.

2. A fuel supply system as defined by claim 1 wherein
said variable liquid resistor comprises a throttle portion
including a liquid fuel passing groove connecting inlet
and outlet thirty five chambers and means for changing
the area of said fluid passing groove in response to the
pressure within the intake manifold of said engine, the
inlet chamber of said variable liquid resistor being cou-
pled to the output of said pulse generating means; and
fluid volume means coupled to said outlet chamber for
generating a saw-tooth pressure wave having a time
constant corresponding to the area of said fluid passing
groove.

3. A fuel supply system as defined by claim 1 wherein
said fluid element means comprises a pulse-width con-
trol fluid element adapted to receive said liquid fuel
and having first and second inlet port means connected
to the inlet and outlet chambers of said liquid resistor
respectively, said pulse-width control element further
having outlet port means; and a fuel-injection fluid ele-
ment adapted to receive said liquid fuel and having
control port means connected to the outlet port means
of said pulse-width control element, the output of said
fuel-injection fluid element injecting fuel into said in-
take manifold in response to the signals at the output
port means of said pulse-width control element.

4. A fuel supply system as defined by claim 1 wherein

said pulse generating means comprises a pulse gener-
ator rotatable at a rate corresponding to the num-
ber of engine revolutions per unit time; and a wave-
form shaping fluid element receiving said liquid
fuel and having an input coupled to the output of
said pulse generator, the output of said wave-form
shaping fluid element comprising said fluid pulse
signals;

said variable liquid resistor comprises a throttle por-
tion including a liquid fuel passing groove connect-
ing inlet and outlet chambers and means for chang-
ing the area of said fluid passing groove in response
to the pressure with the intake manifold of said en-
gine, the inlet chambers of said variable liquid re-
sistor being coupled to the output of said pulse gen-
erating means; and fluid volume means coupled to
said outlet chamber for generating a saw-tooth
pressure wave having a time constant correspond-
ing to the area of said fluid passing groove; and

said fluid element means comprises a pulse-width
control fluid element adapted to receive said liquid
fuel and having set and reset inlet ports connected
respectively to the inlet chamber of said liquid re-
sistor and to said fluid volume means, said pulse-
width control element further having first and sec-
ond output ports; and a fuel-injection fluid element
adapted to receive said liquid fuel and having first
and second input ports connected to the output
ports of said pulse-width control element the out-
put of said fuel injection fluid element injecting
fuel into said intake manifold in response to the
output signal from said pulse-width control ele-
ment.
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5. A fuel supply system as defined by claim 4 which
further comprises a throttle valve coupled to the intake
manifold of said engine, said throttle valve being fur-
ther coupled to said fluid volume means.

6. A fuel supply system as defined by claim 4 wherein
said variable liquid resistor is further provided with
means for preventing fluid from reaching the set inlet
port of said pulse-width contro! fluid element when said
engine is operating under a light load.

7. A fuel supply system as defined in claim 1 wherein
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said pulse generating means comprises,
a pulse generator rotatable at a rate corresponding to
the number of engine revolutions per unit time and

a wave-form shaping fluid element receiving said liq-
uid fuel and having an input coupled to the output
of said pulse generator, the output of said wave-
form shaping fluid element comprising said fluid

pulse signals.
% ok ok kK



