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57) ABSTRACT 
A fuel injection system in which fuel flow through the 
injector nozzles is controlled by electrically operable 
interrupter valves. Electrical pulses to operate the in 
terrupter valves are generated at constant frequency 
and the length of the pulses is varied with an engine 
operating parameter, for example engine air intake. 
Suitable pulse generating circuits and an arrangement 
for varying the pulse length with air intake are 
described. 

13 Claims, 12 Drawing Figures 
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FUEL INJECTION SYSTEMS 

This invention relates to fuel injection systems for in 
ternal combustion engines and, in particular, to systems 
in which the injection of fuel is intermittent rather than 
continuous. 

in known systems employing intermittent injection, 
fuel is injected in timed relation to engine operation, 
the injection being controlled by an engine-driven 
mechanical or electrical device. 
The present invention provides a fuel injection 

system for an internal combustion engine, including at 
least one fuel injection nozzle connected to receive fuel 
from a fuel flow path, at least one fuel interrupter valve 
actuable to control fuel flow through the injector noz 
zle(s), and an interrupter valve control mechanism 
operable to trigger the interrupter valve(s) into actua 
tion at regular time intervals and responsive to at least 
one engine operating parameter to adjust the period of 
time for which the or each interrupter valve is actuated 
in response to variations in the said engine operating 
parameter(s). 

During operation of the system, fuel supplied to an 
injector nozzle is discharged intermittently, the period 
of time over which discharge occurs, and hence the 
amount of fuel supplied to the engine being dependent 
on at least one engine operating parameter. The con 
trol mechanism may, for example, be operable to open 
the interrupter valve(s) to permit fuel flow through the 
injector nozzle(s) and to adjust the period of time for 
which the or each interrupter valve remains open. 
The control mechanism may be operable to generate 

electrical operating pulses to actuate the interrupter 
valve(s). The control mechanism may, for example, be 
operable to generate operating pulses at the said regu 
lar time intervals, and to adjust the pulse length in 
response to variations in the said engine operating 
parameter(s). 
The control mechanism may include an operating 

pulse generating circuit at least one component of 
which is responsive to the said one engine operating 
parameter and adjustable in response to variations in 
that parameter to adjust the operating pulse length. In 
an embodiment of the invention, the operating pulse 
generating circuit is an astable multivibrator circuit in 
cluding at least one resistive component which is 
responsive to the said one engine operating parameter 
and is adjustable in response to variations in that 
parameter to adjust the operating pulse length. 

In another form of the invention, the control 
mechanism includes a reference voltage generator 
operable to generate a reference voltage which varies 
periodically with time, a control signal generator 
operable to generate a control signal which varies in 
response to variations in the said one engine operating 
parameter, and an operating pulse generator respon 
sive to the reference voltage and the control signal to 
generate an operating pulse when the reference voltage 
bears a predetermined relationship to the control 
signal. In an embodiment of this form of the invention 
the reference voltage generator is a sawtooth waveform 
generator and the control signal generator is operable 
to generate a bias voltage the level of which varies in 
response to variations in the said one engine operating 
parameter, the operating pulse generator being opera 
ble to generate an operating pulse when the reference 
voltage exceeds the bias voltage. 
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2 
The said one engine operating parameter to which 

the interrupter valve control mechanism is responsive 
may be engine air intake. The system may, for example, 
include an engine air intake responsive mechanism 
operable to produce a control pressure differential in 
the engine air supply path and adjustable to maintain 
the control pressure differential at a substantially con 
stant value, the interrupter valve control mechanism 
being operable to adjust the interrupter valve actuation 
period in response to adjustment of the air intake 
responsive mechanism. 
The system may also include a fuel pressurizing 

device connected in the fuel flow path and operable to 
pressurize fuel in dependence on at least one engine 
operating parameter, for example engine air intake. 
By way of example, a fuel injection system con 

structed in accordance, with the invention will be 
described with reference to the accompanying 
drawings, in which: 

FIG. 1 is a diagram of the system; 
FIG. 2 is a circuit diagram of a component of the 

system; - 

FIG.3 is a cross-section through the nozzle; 
FIG. 4 is a block circuit diagram of an alternative 

form of the component illustrated in FIG. 2, and 
FIGS.5 to 8 illustrate the variation of voltage with 

time at various points in the circuit of FIG. 4. 
In the system shown in FIG. 1, fuel is drawn from a 

tank 1 and supplied by any suitable form of pump 2, for 
example an electric, gear pump, to a supply conduit 52. 
Fuel passes from the conduit 52 to a further supply 
conduit 63 at a pressure determined by a control valve 
mechanism 100, and excess fuel is returned to the tank 
1 via a chamber 53 in mechanism 100, a conduit 56, a 
relief valve 57 and a conduit 61. The conduit 63 leads 
to the fuel injector nozzles 83 via a check valve 63A 
and excess fuel is returned from the nozzles to the tank 
1, via a restrictor 61A and the conduit 61. 
The injectors 83 are air-bled solenoid-operated noz 

zles and will be described below. Operation of the noz 
zles to discharge fuel is controlled by a unit 200 in de 
pendence on a suitable engine operating parameter: in 
the system illustrated, the parameter is engine air in 
take as will be described below. The pressure control 
mechanism 100 also operates in dependence on engine 
air intake and the operation of this mechanism will also 
be described below. 
The system also includes a fuel/air mixture en 

richment valve 101A which, although an advantageous 
feature, is not essential to the operation of the system. 
The function of the injector control unit 200 will now 

be described. The unit is designed to produce a pulsat 
ing D.C. voltage when connected to a suitable source of 
electrical power 201, the pulses occurring at a suitable 
constant frequency. The pulses are applied to the 
operating solenoids of the injectors 83 which are con 
nected, as shown, to the output terminals of the unit 
200. The injectors 83 are thus caused to open at regular 
intervals (determined by the commencement of each 
one of the pulses from unit 200) to discharge fuel sup 
plied through the conduit 63. The fuel is discharged 
into the mixture induction manifold of the engine, to be 
drawn into the engine cylinders, and when the operat 
ing pulse from unit 200 terminates, the injectors close 
and fuel discharge ceases. As will be described below, 
the length of the pulses generated by unit 200 and 
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hence the period for which the injectors remain open is 
dependent on engine air intake. 
A circuit diagram of the unit 200 is shown in FIG. 2. 

The unit is, as can be seen from FIG. 2, a combination 
of a conventional astable multivibrator stage 210 and a 
complementary power output stage 211 and, when the 
power source 201 is connected across the input ter 
minals 202 a pulsating D.C. voltage is produced at the 
output terminals 203. The circuit shown in FIG. 2, 
being formed of conventional components, will not be 
described further, but it will be noted that the length 
(but not the frequency) of the output pulses can be ad 
justed, in known manner, by varying the position of the 
slider 204 of the potentiometer 205 in the multivibrator 
stage 210. A suitable output pulse frequency is 50 cy 
cles/sec. Preferably, the control unit 200 (without the 
potentiometer 205) is formed as a unit which is easily 
removable from the system and replaceable in case of 
failure. It is not essential for the pulse-generating cir 
cuit of unit 200 to take the form shown in FIG. 2 and 
any other suitable pulse-generating circuit could be 
used. Other forms of control unit are also possible and 
one suitable alternative form will be described below 
with reference to FIGS. 4 to 8. 

In FIG. 1 the potentiometer 205 comprising slider 
204 and resistor 206 is shown located outside the unit 
200 to demonstrate the adjustment of the unit in de 
pendence on engine air intake. The position of slider 
204 is controlled by a cam 207 which co-operates with 
a follower 208 on which the slider 204 is mounted. The 
cam 207 is coupled to the control lever 7 of an air valve 
4 located in the conduit 3 which feeds air to the engine 
in the direction left to right as seen in the drawings. The 
function of the air valve 4 will be described below. Also 
located in conduit 3 is the customary throttle valve 1. 
The lever 7 is also coupled to one side of a piston 8A 

located in a cylinder 8B. On the other side of the 
piston, the cylinder 8B is connected, by a conduit 18 in 
cluding a restrictor 18A, to a chamber 20 in a manifold 
depression control unit 102. The unit 102 functions 
through the air valve 4 to maintain a constant depres 
sion in the air intake conduit 3 between the air valve 4 
and the throttle valve 1. The manner of operation of 
the unit 102 is exactly the same as that of the 
mechanism 102 described in my copending U.S. Pat. 
application Ser. No. 31,316 filed Apr., 23, 1970. 
The chamber 20 of manifold depression control unit 

102 can communicate with a further chamber 90 in the 
unit under the control of a ball valve 21A co-acting 
with a seat 22. A control rod 91 extending from the 
chamber 90 through an O-ring seal 92 and into a 
chamber 93 couples the ball valve 21A to a diaphragm 
24 which separates the chamber 93 from a further 
chamber 94 (open, in the absence of conduit 130, to at 
mosphere). The rod 91 is capable of rocking movement 
in the seal 92 and a spring 27 located in chamber 94 
acts on the diaphragm 24 and hence on rod 91 to urge 
the ball valve 21A away from the seat 22. A conduit 29 
joins chamber 93 to the air intake conduit 3 between 
the valves 1 and 4, and a conduit 95 including a restric 
tor 95A connects the chamber 20 to the chamber 53 of 
the pressure control valve mechanism 100. 

It was mentioned above that chamber 53 receives ex 
cess fuel from the supply conduit 52 and is connected, 
via relief valve 57 to the fuel tank 1. The chamber 53 is, 
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4 
in fact, connected to a chamber 64 of the relief valve 
57, and the chamber 64 can communicate, under the 
control of a diaphragm 58, with the conduit 61 leading 
back to the fuel tank 1. The diaphragm 58 is loaded, by 
a spring 59, against a valve seat 60 separating chamber 
64 from conduit 61, and thereby maintains a substan 
tially constant fuel pressure in chamber 64 and hence 
in chamber 53. 

In operation of the system, the air valve 4 is urged 
towards a closed position by a spring 30. When the 
throttle valve 1 is opened (the air valve 4 being in the 
closed position) there is created a depression in the 
conduit 29 which draws down the diaphragm 24, so 
closing the ball valve 21A. The substantially constant 
pressure determined by the relief valve 57 is then ap 
plied fully, via conduit 18, on the piston 8A causing the 
latter to move upward (as seen in FIG. 1) and, through 
lever 7 to open the air valve 4. Any leakage of fuel 
across the piston 8A is returned to the tank 1 through a 
conduit 97. The opening of air valve 4 reduces the 
depression in conduit 29 and, through diaphragm 24 
opens the ball valve 21A allowing fuel to leak from 
chamber 20 into chamber 90 and to be returned to the 
tank 1 via conduit 96. The fuel pressure acting on 
piston 8A is thereby reduced and the piston moves 
downwards (as seen in FIG. 1) to close the air valve 4. 
In this manner, the position of the air valve 4 adjusts to 
maintain a substantially constant depression in that 
portion of the conduit 3 between the valves 4 and 1, the 
depression being determined by the setting of the con 
trol mechanism 102 and, in particular, by the strength 
of the spring 27. It is to be noted that, provided the 
pressure in chamber 93 required to drive the ball valve 
21A fully open is less than the substantially constant re 
lief valve pressure, the strength of spring 30 and the ef 
fects of friction in the piston 8A, the linkage 6, 7 etc. 
are in no way effective in altering the constant depres 
sion in the conduit 3 by any substantial amount. The 
valve of the restrictor 95a is chosen to give a desired 
opening speed to the ball valve 21A. 
The air valve 4, as mentioned above, coupled to the 

potentiometer 205 of the control unit 200 so that, as 
the air valve 4 opens, the length of the operating pulses 
applied to the injectors 83 increases and more fuel is 
fed to the engine. 
The construction of the manifold depression control 

unit 102 is such that the O-ring seal 92 serves the pur 
pose of sealing chamber 93 (which is exposed to the 
depression produced in the air intake conduit 3 
between the valves 1 and 4) from the chamber 90 
(which contains fuel). The seal 92 is partly located in a 
groove in the rod 91 and partly in a groove in the hous 
ing of the unit and this particular construction permits 
rocking movement of the rod 91 as described above but 
prevents axial movement and minimizes friction and 
wear. In particular, the need for sliding or rotating seals 
between depression zones and pressurized fuel zones is 
OWelcome. 

An injector nozzle 83 is shown in greater detail in 
FIG. 3. The nozzle has a fuel inlet 140 which, in use, is 
connected to the fuel supply conduit 63. The inlet 140 
communicates, via a passage 141 with the interior of a 
tubular interrupter valve member 142, which, in turn, 
communicates through ports 143 in the valve member 
wall with a chamber 144. A spring 145 seated on an 
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end portion of the valve member 142 biases the valve 
member against a seating 146, in which position com 
munication between the chamber 144 and a fuel tube 
147 is cut-off by the valve member. The fuel tube 147 is 
a small diameter stainless steel tube and is aligned with 
an outlet orifice 148 in an outerjacket 149 surrounding 
the tube. The space between the tube 147 and the 
jacket 149 is vented through ports 150. Movement of 
the valve member 142 is controlled by a solenoid 15 
within which the valve member is partly located. The 
valve member 142, or at least that portion of the valve 
member which is located within the solenoid is formed 
of a magnetizable material so that energization of the 
solenoid 151 moves the valve member away from the 
seating 146 and allows fuel to flow into the fuel tube 
147. Fuel is discharged through the outlet orifice 148 
into the mixture induction manifold of the engine, air 
being drawn into the jacket 149 through the ports 150. 
In use of the injector in the system shown in FIG. 1, the 
solenoid 151 is connected to the output terminals of 
the control unit 200, the valve member 142 thereby 
being moved to an open position at regular time inter 
vals and held in that position for a length of time deter 
mined by the length of the output pulses from unit 200. 
The use of air-bled nozzles as shown in FIG. 3 is ad 

vantageous in that the effect on fuel flow of the depres 
sion in the manifold in which the nozzles are located is 
thereby eliminated. If air-bled nozzles are not em 
ployed, the effect may be eliminated by subjecting the 
upper surface (as seen in the drawing) of the 
diaphragm of relief valve 57 to the manifold depres 
sion. The nozzle shown in FIG. 3 has the further ad 
vantage that the fuel tube 147 acts as a fuel restrictor 
and, when a plurality of nozzles are connected in a 
system, serves to equalize fuel distribution between the 
nozzles. It will be appreciated that the use of the nozzle 
shown in FIG. 3 is not restricted to the system shown in 
FIG. 1. 

It was mentioned above that valve mechanism 100 
controls the pressure at which fuel is supplied to injec 
tors 83. The mechanism 100 is exactly the same as the 
pressure control mechanism 100 described in my 
copending U.S. Pat. application Ser. No. 31,316 filed 
Apr. 23, 1970 and functions to increase the pressure of 
fuel supplied to the injectors 83 as the air flow through 
conduit 3 increases. To this end, the conduit 3 includes 
a closed end slot 41 which communicates with a con 
duit 43 leading, via a restrictor 44, to a chamber 45 in 
the control mechanism 100. A diaphragm 47, bounding 
the chamber 45, is coupled to one end of a control rod 
110 (similar to rod 91 in the manifold depression con 
trol unit 102) which extends through a seal 111 into the 
chamber 53 and carries, at its other end, a pressure 
control valve member 112. The valve member 112 co 
operates with a seating 113 to control fuel flow from 
the supply conduit 52 into the chamber 53. The rod 
110 is capable of rocking movement in the seal 111 and 
movement of the valve member 112 is controlled, 
through the rod, by the diaphragm 47. The chamber 53 
is connected, by conduit 56 to the relief valve 57, as 
described above, the chamber 53 thereby being pres 
surized to the substantially constant relief valve pres 
Sle. 

When the engine is not running, atmospheric pres 
sure exists throughout the air intake conduit 3, and 
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6 
hence in the chamber 45. A chamber 131 on the other 
side of the diaphragm 47 to chamber 45 is also, in the 
absence of conduit 130, exposed to atmospheric pres 
sure so that there is no pressure differential across the 
diaphragm. The pressure in supply conduits 52 and 63 
is then the same as that in chamber 53. When the en 
gine is running with its air consumption at a minimum 
(which is the idling mode of operation) the position of 
the air valve 4 is such that the right hand end of slot 41 
lies just on the right side of air valve 4 (this position 
being shown in FIG. 3). As a result, a small proportion 
of the constant depression developed in conduit 3 
between the valves 1 and 4 is applied to conduit 43. 
The enrichment valve 101A (which will be described 

below) is normally open and, for the present, it is suffi 
cient to state that, under these circumstances and in the 
absence of conduit 130, atmospheric air can pass via 
restrictors 66A and 66B in the valve 101A into the con 
duit 43 so weakening the depression signal applied to 
diaphragm 47. The weakened depression signal applied 
to diaphragm 47 acting through rod 110 urges the valve 
member 112 towards the seat 113 and, as a result, the 
fuel pressure in supply conduits 52 and 63 rises until 
equilibrium is restored. As the air consumption of the 
engine increases, air valve 4 opens further and, in doing 
so, exposes a greater length of the slot 41 to the con 
stant depression between valves 4 and 1. The increased 
depression (again weakened by atmospheric air ad 
mitted through restrictors 66A and 66B in valve 101A) 
is applied to diaphragm 47 and results in an increased 
closing force on valve member 112 causing a further 
rise in fuel pressure in supply conduits 52 and 63. Dur 
ing acceleration, if the throttle valve it is suddenly 
opened the depression between the valves 4 and 1 rises 
suddenly. The increase is effective immediately, 
through diaphragm 47 and valve member 112 to raise 
the fuel pressure in supply conduits 52 and 63. 

It will be appreciated however that the use of the 
pressure control mechanism 100 shown in FIG. 1 is not 
essential to the system and that other forms of fuel 
pressurizing device could be employed. 
The relief valve 57 which, as mentioned above, main 

tains a substantially constant pressure in chamber 53 
and a predetermined minimum pressure value in supply 
conduits 52 and 63 is preferably so adjusted that the 
minimum pressure value is sufficient to ensure that fuel 
in the system remains liquid at all times, even when fuel 
temperature rises considerably above normal ambient 
temperature. 
The check valve 63A located in the fuel supply line 

to injector devices 83 functions to enrich the fuel/air 
mixture supplied to the injectors under engine ac 
celeration conditions, as may be seen from the follow 
ing example: 
Suppose that the normal depression between valves 1 

and 4 in conduit 3 is 1 inch Hg; that the resultant fuel 
pressure in supply conduit 63 is 10 p.s.i.; that the sub 
stantially constant minimum pressure imposed by relief 
valve 57 is 15 p.s. i. and that the check valve 63A is 
biased by a spring 76 which imposes a substantially 
constant load equivalent to 17 p.s. i. Under steady con 
ditions the fuel metering pressure is then 10 + 15 - 17 
= 8 p.s.i. 
On sudden acceleration, before the position of the 

air valve 4 has been adjusted, the depression between 
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valves 1 and 4 may rise momentarily, for example to 2 
inch Hg. This in turn raises the fuel pressure in conduit 
63 to 20 p.s. i. The metering pressure is now 20 + 15 - 
17 = 18 p.s. i. Thus, while the depression has changed in 
the ratio 211 the fuel metering pressure has changed in 
the ratio 2.25/1, providing enrichment during accelera 
tion. When the air valve 4 has opened to restore the 1 
inch Hg depression between valves 1 and 4, the fuel 
metering pressure reverts to its original value but the 
new position of the air valve 4 is accompanied by read 
justment of the potentiometer 205. 
The check valve 83A also performs the secondary, 

but important, function of preventing fuel from being 
delivered to the injectors when the engine is not turn 
1ng. 

It will be seen from the above description that, in 
operation of the system fuel is supplied to the injector 
devices 83 at a pressure that is dependent on engine air 
intake and that the injectors open at regular time inter 
vals but remain open for a length of time that is also de 
pendent on engine air intake. It will be appreciated, 
however, that it is not essential for fuel pressure to be 
controlled by engine air intake and that another engine 
operating parameter could be employed. Alternatively, 
several operating parameters of which one may be air 
intake could be employed. Furthermore, the use of en 
gine air intake to determine the length of time for 
which the injector nozzles remain open is also not es 
sential and another engine operating parameter could 
be employed. Alternatively, several operating parame 
ters of which one may be air intake could be employed. 
When control is effected by engine air intake it will be 
appreciated that it is not essential for arrangements 
utilizing the maintenance of a constant depression in 
the engine air intake to be employed. 

It will also be appreciated that the arrangement 
shown in FIG. 1 for maintaining a constant depression 
in air intake conduit 3 and for thereby controlling pulse 
unit 200 and pressure control valve mechanism 100 
could be replaced by the mechanism described in my 
copending U.S. Pat. application, No. 31,315, filed Apr. 
23, 1970. 
The valve 101A which has been mentioned above is 

a manually operated valve which functions to enrich 
the fuel/air mixture supplied to the engine, for example 
when the engine is cold. The operation of the valve 
101A will now be described. 
When valve 101A is open, atmospheric air is ad 

mitted, as described above, to conduit 43 via restrictors 
66A and 66B in the valve. The restrictor 66A can be 
closed manually to restrict the flow of atmospheric air 
into conduit 43 and thereby increase the effective 
depression applied to diaphragm 47 and raise fuel pres 
sure in the supply conduits 52 and 63. The result is that 
the engine receives a richer fuel/air mixture. The 
restrictor 66B which remains open under all operating 
conditions is adjustable to vary the setting of valve 
101A. 

It will be appreciated that, although valve 101A was 
referred to above as having utility under engine starting 
conditions it is not restricted to use under these condi 
tions and could, being a manually-operated valve, be 
used whenever a richer fuel/air mixture is required. It 
will also be appreciated that the valve 101A is not es 
sential to the functioning of the manifold depression 
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8 
control unit 102 or (except in so far as it provides a 
restriction 66A, 66B through which atmospheric air is 
admitted to conduit 43) to the functioning of the pres 
sure control mechanism 100: the valve 101A could, ac 
cordingly, be omitted. 
The conduit 130 which is shown in dotted lines in 

FIG. 1 and which, in the above description, was as 
sumed to be absent, connects the air intake conduit 3 
on the atmospheric side of the valves 1 and 4 to the 
chamber 94 in the manifold depression control unit 
102 and also to the chamber 131 in the pressure con 
trol mechanism 100 and the atmospheric air inlet of the 
enrichment valve 101A. The purpose of this conduit 
130 is to nullify any effect on the depression between 
valves 1 and 4 of the flow resistance of the air cleaner 
normally included in the inlet of air intake conduit 3. 
This flow resistance could have a particularly noticea 
ble effect under high engine power conditions: the con 
duit 130 is, however, not essential and, as described 
above, chambers 131 and 94 and the inlet of valve 
101A could be left open to atmosphere. 
The alternative form of control unit mentioned 

above and shown in FIG. 4 to 8 would, in use, replace 
the control unit 200 including the potentiometer 205 in 
FIGS. 1 and 2. The components of the alternative con 
trol unit are illustrated diagrammatically in FIG. 4 and 
include a sawtooth waveform generator 301 the output 
of which is connected to the input of a trigger circuit 
302. The trigger circuit 302 produces the operating 
pulses for the injector devices 83, the output of the 
trigger circuit 302 being connected to the operating 
solenoids of the injector devices 83 through a power 
amplifier 303. The output of the trigger circuit 302 is 
also connected back to the input of the sawtooth 
waveform generator 301 through a feedback network 
3O4. 
The sawtooth waveform generator 301 produces a 

constant frequency output voltage as illustrated in FIG. 
5: a suitable frequency is 50 cycles/sec. The trigger cir 
cuit 302 produces a square output pulse when the input 
from the generator 301 exceeds a predetermined value 
determined by a control circuit 303. This predeter 
mined value is variable in dependence on engine air in 
take, as will be described below, to adjust the length of 
the trigger circuit output pulse. The output frequency 
of the trigger circuit 302 is, however, constant and cor 
responds to the output frequency of generator 301. 
The control circuit 303 also includes an oscillator 

304, a variable inductor 305 and a rectifier network 
306. The oscillator 304 produces an output of fixed 
frequency, for example 1,000 cycles/sec. which is fed 
to the variable inductor 305. The inductor 305 is cou 
pled, in any suitable manner, (as indicated at 300A in 
FIG. 4) to the air valve 4 in the engine air intake con 
duit 3 (FIG. 1) whereby movement of the air valve 4 to 
maintain a constant depression in the intake conduit 3 
as described above will adjust the inductor 305. The in 
ductor 305 may, for example, be coupled to the air 
valve lever 7 through a cam and cam follower in the 
manner described above and illustrated in F.G. 1 for 
the potentiometer 205. Adjustment of the inductor 305 
changes the amplitude of the output of oscillator 304 
and the modified output is fed to the rectifier network 
306. In this network the signal is rectified and 
smoothed to produce a d.c. bias signal which is applied 
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to the trigger circuit 302. The level of the d.c. bias 
signal is dependent on the amplitude of the input to the 
rectifier network306 and hence on engine air intake. 
FIGS. 5 to 8 illustrate the variation of voltage with 

time at various points in the circuit shown in FIG. 4. 
FIG. S shows the output of the sawtooth generator 301 
and FIG. 6 shows the input to the rectifier network.306 
for three values X, X and X of the inductance 305 

10 
nected to apply said pulses to the interrupter valve(s) . 

(that is, for three values of engine air intake). FIG. 7 
shows the output of the rectifier network 306 for the 
same three values of inductance. 

FIG. 8 illustrates the manner in which the d.c. bias 
signal from the control circuit 303 controls operation 
of the trigger circuit 302. In FIG. 8d the d.c. biassignals 
for inductance values X1, X, and X are shown su 
perimposed on the output of generator 301. The trigger 
circuit 302 produces an output pulse when the output 
of generator 301 exceeds the bias signal from control 
circuit 303: FIGS. 8a, 8b and 8c show the output of 
trigger circuit 302 for inductance values X, X and X 
respectively from which it can be seen that the output 
frequency of the trigger circuit remains constant but 
that the length of the trigger circuit output pulses 
decreases as the d.c. bias level applied by control cir 
cuit 303 increases. The length of the trigger circuit out 
put pulses determines the length of time for which the 
injector nozzles 83 are open. The length of time for 
which the injector nozzles 83 are open is thus depen 
dent on engine air intake, as with the control unit 
shown in FIG. 2. 
The components illustrated diagrammatically in FIG. 

4, that is, generator 301, trigger circuit 302 etc. are 
well known and need not, therefore, be described in 
detail. It will be appreciated, however, that the saw 
tooth generator 301 could be replaced by a generator 
of any other suitable reference voltage waveform. In 
addition, other arrangements could be employed (in 
stead of the oscillator 304 and variable inductor 305 il 
lustrated) to generate an oscillating control signal the 
amplitude of which is dependent on engine air intake. 

Preferably this alternative form of control unit is also 
a unit which is easily removed from the fuel injection 
system and can be replaced in case offailure. 

Finally, it should be appreciated that although the 
systems described above employ a plurality of injector 
devices 83 each incorporating a solenoid-operated in 
terrupter valve, that is not essential and the plurality of 
solenoid-operated injector devices could, for example, 
be replaced by a single solenoid-operated interrupter 
valve operable intermittently by the control unit 200 
(FIG. 1) to feed fuel to a plurality of open injector noz 
zles via respective pressure-responsive control valves. 
An arrangement of this type is disclosed in my copend 
ing U.S. Pat. application Ser. No. 91,937 filed Nov. 23, 
1970, 

I claim: 
1. A fuel injection system for an internal combustion 

engine, including a source of fuel under pressure, a fuel 
flow path, at least one fuel injector nozzle connected to 
receive fuel from the fuel flow path, at least one electri 
cally operable fuel interrupter valve actuable to control 
fuel flow through the injector nozzle(s), and an electri 
cal control circuit arrangement operable to generate 
electrical operating pulses at a continuous constant 
frequency independent of engine operation and con 
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to actuate the interrupter valves(s), said control circuit 
arrangement including means electrically connected in 
said circuit arrangement and responsive to at least one 
engine operating parameter to adjust the length of said 
operating pulses, and thereby adjust the period of time 
for which the or each interrupter valve is actuated, in 
response to variations in the said engine operating parameter(s). 

2. A system as claimed in claim 1, in which the con 
trol circuit arrangement is operable to generate the 
operating pulses to open the interrupter valve(s) to 
permit fuel flow through the injector nozzle(s). 

3. A system as claimed in claim 1, in which the con 
trol circuit arrangement is an astable multivibrator cir 
cuit including at least one resistive component which is 
responsive to the said one engine operating parameter 
and is adjustable in response to variations in that 
parameter to adjust the operating pulse length. 

4. A system as claimed in claim 1, in which the con 
trol circuit arrangement includes a reference voltage 
generator operable to generate a reference voltage 
which varies periodically with time, a control signal 
generator operable to generate a control signal which 
varies in response to variations in the said one engine 
operating parameter, and an operating pulse generator 
responsive to the reference voltage and the control 
signal to generate an operating pulse when the 
reference voltage bears a predetermined relationship to 
the control signal. 

5. A system as claimed in claim 4, in which the 
reference voltage generator is a sawtooth waveform 
generator and the control signal generator is operable 
to generate a bias voltage the level of which varies in 
response to variations in the said one engine operating 
parameter, the operating pulse generator being opera 
ble to generate an operating pulse when the reference 
voltage exceeds the bias voltage. 

6. A system as claimed in claim 4, in which the con 
trol signal generator includes means operable to 
generate an oscillating voltage the amplitude of which 
varies in response to variations in the said one engine 
operating parameter. 

7. A system as claimed in claim. 6, in which the oscil 
lating voltage generator includes an inductive com 
ponent which is responsive to the said one engine 
operating parameter and is adjustable in response to 
variations in that parameter to vary the amplitude of 
the oscillating voltage. 

8. A system as claimed in claim 1, in which the said 
one engine operating parameter is engine air intake. 

9. A system as claimed in claim 8, including an en 
gine air intake responsive mechanism operable to 
produce a control pressure differential in the engine air 
supply path and adjustable to maintain the control 
pressure differential at a substantially constant value, 
the control circuit arrangement being operable to ad 
just the interrupter valve actuation period in response 
to adjustment of the air intake responsive mechanism. 

10. A system as claimed in claim 1, including a fuel 
pressurizing device connected in the fuel flow path and 
operable to pressurize fuel in dependence on at least 
one engine operating parameter. 

11. A system as claimed in claim 10, in which the 
said one engine operating parameter is engine air in 
take. 
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12. A system as claimed in claim 11, including an en- response to adjustment of the air intake responsive 
gine air intake responsive mechanism operable to mechanism. . 
produce a control pressure differential in the engine air 13. A system as claimed in claim 1, including a plu 
supply path and adjustable to maintain the control 
pressure differential at a substantially constant value, 5 
the fuel pressurizing device being operable to vary the 
pressure at which fuel flows to the injector nozzle(s) in e xx xx 

rality of interrupter valves each actuable to control fuel 
flow through a respective injector nozzle. 
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