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(57) ABSTRACT 

A fuel injection system for externally ignited, gas in 
ternal combustion engines. The system involves the 
continuous injection of fuel into an induction tube 
section of an intake manifold. A measuring member 
and a randomly activatable throttle valve are arranged 
in series in the induction tube section upstream from 
the point of fuel injection. The measuring member is 
displaced by an operating member against a restoring 
force in accordance with the amount of air flowing 
through. In the course of its displacement, the measur 
ing member adjusts a mobile part of a valve which is 
disposed in the fuel line and meters out a quantity of 
fuel proportional to the quantity of air, when there is 
constant pressure difference. The restoring force on 
the measuring member is produced by a pressure fluid 
which acts on the operating members at least indi 
rectly. Means are provided for adjusting fuel pressure 
downstream from the metering valve for influencing 
pressure of the pressure fluid. 

13 Claims, 2 Drawing Figures 
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FUEL INJECTION SYSTEM 

The invention relates to a fuel injection system for 
externally ignited, gas internal cumbustion engines, 
which involve continuous injection into an induction 
tube section, in which a measuring member and a ran 
domly activatable throttle valve are arranged in series. 
In particular, the present invention relates to such a 
system in which the measuring member is displaced by 
an operating member against a restoring force in accor 
dance with the amount of air flowing through. In the 
course of the displacement, the measuring member ad 
justs a mobile part of a valve which is disposed in the 
fuel line and which, when there is constant pressure dif 
ference, meters out a quantity of fuel proportional to 
the quantity of air. The restoring force on the measur 
ing member is produced by a pressure fluid which acts 
on the operating member at least indirectly. 

Fuel injection systems of this type are intended to 
provide automatically an advantageous fuel-air mixture 
for all operating conditions of the internal combustion 
engine to obtain maximum combustion of the fuel and 
thereby prevent noxious exhaust gases from being pro 
duced or at least reduce considerably these gases while 
obtaining maximum performance of the internal com 
bustion engine, that is, minimum fuel consumption. 
The amount of fuel must therefore, be very accurately 
proportioned to meet the requirements of every operat 
ing state of internal combustion engine. 

In the case of fuel injection systems of this type, the 
quantity of air flowing through the induction tube is de 
termined by a measuring member. The fuel is metered 
out in proportion to this quantity of air and injected di 
rectly into the induction tube by injection valves in the 
proximity of each cylinder of the internal combustion 
engine. The proportionality between the quantity of air 
and amount of fuel metered out can be varied as a func 
tion of the engine characteristics such as the rate of 
revolutions, the load and temperature, by varying the 
restoring force acting on the measuring member. The 
restoring force, acting on the measuring member is the 
pressure of a pressure fluid circulation which is ob 
tained from the circulation system of the fuel injection 
system. 

SUMMARY OF THE INVENTION 

The principal object of the present invention is to 
provide a fuel injection system of the above-mentioned 
type at a substantially lower construction cost, while 
satisfying the requirement of keeping the quantity of 
noxious constituents in the exhaust gas to a minimum. 
The foregoing object, as well as others, which are to 

become clear from the text below, is achieved in accor 
dance with the present invention in a fuel injection sys 
tem for separately ignited, internal combustion engines 
involving continuous injection into an induction tube 
section of an intake manifold. A measuring member 
and a randomly activatable throttle valve is arranged in 
series in the induction tube section, the measuring 
member being displaceable against a restoring force by 
an operating member, according to the amount of air 
flowing. A mobile part of a metering valve, which is dis 
posed in a fuel line and which, with a constant pressure 
difference, meters out a quantity of fuel proportional to 
the amount of air is coupled to the operating member. 
The restoring force for the measuring member is pro 
duced by pressure fluid which acts at least indirectly on 
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2 
the operating member. Means are provided for adjust 
ing fuel pressure downstream from the metering valve 
for influencing pressure of the pressure fluid. 

It is a salient feature of the present invention to pro 
vide that the pressure of the pressure fluid is adapted to 
be influenced by varying the fuel pressure downstream 
of the metering valve. - 
An advantageous feature of the invention consists in 

that fuel is used as the pressure fluid, the pressure of 
which is determined by the pressure in the circulation 
system downstream of the metering valve. The pressure 
in the circulation system may be varied by means of a 
valve, the spring force of which acting in the closing di 
rection is adapted to be reduced during the heating up 
period of the internal combustion engine by a heatable 
bi-metal spring and fuel injection is effected by an in 
jection valve disposed directly downstream of the 
throttle valve. 
Another advantageous feature of the present inven 

tion consists in that the valve and bi-metal spring are 
disposed in the injection valve and in that a first spring, 
keeping the valve needle of the injection valve in the 
closing position, works against a second spring, the ini 
tial stressing of which is variable by the heatable bi 
metal spring via an adjusting piston, the piston being 
displaceable between two stops defining its end posi 
tions. The fuel leaking through in the region of the ad 
justing piston is adapted to be supplied to the induction 
tube via a duct downstream of the throttle valve. 
Another advantageous feature of the present inven 

tion consists in that the injection valve also acts as a 
valve for varying the fuel pressure downstream of the 
metering valve and the fuel is adapted to be heated in 
the region of the injection valve. 
Another advantageous feature of the invention con 

sists in that the valve for varying the fuel pressure 
downstream of the metering valve is in the form of a 
flat seat valve comprising a diaphragm as the displace 
able part of the valve which is adapted to be acted on 
in the closing direction by a spring and the force of the 
spring of the pressure system valve on the diaphragm is 
adapted to be reduced by the bimetal spring. 
Two illustrative embodiments of the present inven 

tion are represented in the drawings and these will be 
described in more detail hereinafter. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a diagrammatic, partially sectional view of a 

first embodiment of a fuel injection system according 
to the present invention. 
FIG. 2 is a diagrammatic, partially sectional view of a 

second embodiment of the fuel injection system ac 
cording to the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

In the fuel injection system according to FIG. 1, the 
the combustion air flows in the direction of the arrow 
headed line through an air filter housing 1, a hollow 
manifold section in the form of a cone 2, in which a 
measuring member 3 is disposed, and an induction tube 
section 4 within which a randomly activatable throttle 
valve 5 is disposed. The induction tube section 4 leads 
one or more cylinders (not shown) of an internal com 
bustion engine. The measuring member 3 is a plate dis 
posed at a right angle to the flow direction. The plate is 
displaced in the cone 2 according to a generally linear 
function of the air flowing through the induction tube 
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section 4 and to provide a constant restoring force 
which acts upon the measuring member 3 and a con 
stant air pressure in front of the measuring member 3, 
the pressure between the measuring member 3 and the 
throttle valve 5 also remains constant. 5 
The measuring member 3 directly controls a meter 

ing valve 6. The adjusting movement of the measuring 
member 3 is transferred to a control slide 10 of the me 
tering valve 6 via a roller 9 by a lever 7, which is con 
nected to the measuring member 3 and which is pivot - 10 
able about a pivot point 8. The fuel pressure acts on the 
front face 11 of the control slide 10 facing away from 
the roller 9 and thereby provides the restoring force 
acting on the measuring element 3. 
The fuel is supplied via a fuel pump 13 driven by an 15 

electromotor 14. The fuel pump 13 draws the fuel from 
a fuel tank 15 and supplies it to the metering valve 6 via 
a line 16. From the line 16, the fuel passes to a duct 17 
in the housing of the metering valve 6. The duct 17 
leads to an annular groove 18 in the control slide 10 20 
and via a duct 19 to a chamber 20 so that one side of a 
diaphragm 21 is acted on by this fuel pressure. Depend 
ing on the position of the control slide 10, the annular 
groove 18 opens to a greater or lesser extent a control 
slit 22 which leads to a chamber 24 via a duct 23. The 25 
chamber 24 is separated from the chamber 20 by the 
diaphragm 21. From the chamber 24, the fuel passes 
via a line 25 to an injection valve 26 which is disposed 
directly downstream of the throttle valve 5 in the in 
duction tube section 4. The diaphragm 21 acts as a 30 
movable part of a flat seat valve which is acted on in the 
closing direction by a spring 27, via a spring washer 29 
connected to a spherical member 28. The spherical 
member 28 is guided by a protective plate 30, The ini 
tial stressing of the spring 27 can be varied by means of 35 
a screw 31. The fuel flowing out via a valve seat 32 
passes back into the fuel tank 15 via a line 33. 
The siphon diaphragm formed by the chambers 23 

and 24 has the effect of keeping the pressure difference 
at the metering valve 6 largely constant independent of 0 
the covering between the annular groove 18 and the 
control slit 22, that is, independent of the fuel flowing 
to the injection valve 26. This ensures that the adjust 
ment path of the control slide 10 and the metered 
quantity of fuel are proportional when the control slit 5 
22 is a uniform width. 
When the lever 7 effects a pivoting movement, the 

measuring member 3 is moved into the cone 2 and thus, 
the varying annular cross-section between the plate 
like measuring member 3 and the inner surface of the 50 
cone 2 is proportional to the adjustment path of the 
measuring member 3. In this manner, a quantity of fuel 
proportional to the quantity of air flowing through the 
induction pipe section 4 is always metered out. 
The pressure fluid producing the restoring force on 55 

the control slide 10 is fuel. For this purpose, a line 35 
branches off from the line 16 and discharges into a 
chamber 36 into which projects the front face 11 of the 
control slide 10 facing away from the lever 7. The 
chamber 36 is acted on by pressure by means of a 60 
damping throttle 37. 
The metered quantity of fuel passes from the cham 

ber 24 of the differential pressure metering valve 6 via 
the line 25 into a chamber 40 of the injection valve 26. 
The end of a valve needle 41 facing away from the in- 65 
duction pipe section 4 projects into the chamber 40 
and is kept in the closing direction by a first spring 42. 
A second spring 44 works against the first spring 42 via 

4 
a spring washer 43. The second spring 44 is supported 
on the adjusting piston 45 by its end facing away from 
the nozzle needle. The adjusting piston 45 is displace 
ably situated in a bore hole 46. On its end facing away 
from the second spring 44, the adjusting piston 45 has 
a flange 47 which acts as a stop, the adjusting piston 45 
with its flange 47 being pushed against a front face 49 
of bushing 50 when a bi-metal spring 48 is in the un 
heated state. The bi-metal spring 48 is regidly con 
nected at its end facing away from the adjusting piston 
45 to a housing 52 by a spring 51 and is surrounded 
along a portion of its length by an electrical heating ele 
ment 53. The electrical heating element 53 is designed 
so that on termination of the heating up period of the 
internal combustion engine, the bi-metal spring 48 re 
duces its force on the adjusting piston 45 such that it 
moves away from the adjusting piston and comes to rest 
against a screw 54, acting as a stop. The adjusting pis 
ton. 45 follows the movement of the bi-metal spring 48 
and the second spring 44 and the fuel pressure, acting 
on the same, presses the adjusting piston 45 against the 
bi-metallic spring 48 resting on the stop 54. Fuel which 
leaks between the adjusting piston 45 and the bushing 
50 is supplied to an annular groove 56 via a line 55 in 
the housing 52. The annular groove 56 discharges di 
rectly downstream of the throttle valve 5 into the in 
duction tube section 4. 
The valve needle 41 is surrounded along a portion of 

its length by an electric heating element 57 and thus the 
fuel can be heated before injection into the induction 
pipe section 4. 
The fuel injection system described above, operates 

as follows: 
when the internal combustion engine is in operation, 

fuel is drawn from the tank 15 by the fuel pump 13 
driven by the electromotor 14 and supplied to the me 
tering valve 6 via the line 16. The internal combustion 
engine simultaneously draws air via the induction mani 
fold defined by the filter housing 1, the cone 2 and the 
induction tube section 4 which causes the measuring 
member 3 to be deflected to a certain extent from its 
rest position. The control slide 10 of the metering valve 
6 is displaced, via the lever 7, according to the deflec 
tion of the measuring member 3 and thereby opens a 
greater cross-sectional area of the control slit 22. The 
direct connection between the measuring member 3 
and the control slide 10 produces a constant relation 
ship of the quantity of air and the amount of fuel me 
tered out. 
The quantity of fuel metered out by the metering 

valve 6 is supplied, via a line 25, to the injection valve 
26 which is disposed directly downstream of the throt 
tle valve 5 on the induction tube section 4 and injects 
the fuel in a continuous manner into the induction tube 
section 4. The injection valve 26 simultaneously deter 
mines the pressure of the fuel downstream and up 
stream of the metering valve 6 in the fuel injection sys 
te. 

The fuel displaced by the fuel pump 13 passes from 
the line 16 into the line 35 which discharges into the 
chamber 36 via the damping throttle 57. The front face 
11 of the control slide 10 projects into the chamber 36. 
In this manner, the fuel pressure produces a constant 
restoring force on the measuring member 3 upstream 
of the metering valve 6. 
To increase (enrich) the fuel-air mixture during 

warming up of the internal combustion engine, it is nec 
essary to reduce the restoring force on the measuring 
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member 3 and thus the fuel pressure upstream of the 
mctering valve 6. To effect this, the first spring 42 re 
taining the valve needle 41 in the closing direction acts 
against the second spring 44, the initial stressing of 
which is increased during the warm-up period by the 
flange 46 of the adjusting piston 45 being pressed by 
the bi-metallic spring 48 onto the front face 49. of the 
bushing 50. 
The increase in the initial stressing of the second 

spring 44 simultaneously causes a reduction in the 
opening pressure of the injection valve 26 and a corre 
sponding reduction in the fuel pressure in the fuel in 
jection system. As a result, the restoring force on the 
control slide 10 and, thus, on the measuring member 3 
is also reduced which results in greater deflection of the 
measuring member 3 with the same amount of suction 
air and a greater quantity of fuel is metered out. The 
clectrical heating element 53 arranged on the bi-metal 
lic spring 48 is designed in such a way that on termina 
tion of the warm-up period of the internal combustion 
engine, the bi-metallic spring 48 has bent in the direc 
tion of the stop 54 such that the second spring 44 dis 
places the adjusting piston 45 in the direction of the 
stop 54. The reduction in the initial stressing of the sec 
ond spring 44 results in that the injection valve 26 only 
opens with a higher fuel pressure and thus the fuel pres 
sure in the fuel injections system and hence the restor 
ing force on the measuring member 3 are increased. 

In FIG. 2, the reference numbers refer to the same 
parts as in FIG. 1. A constant pressure difference is 
maintaincd at the metering valve 6 by the differential 
pressure valve (constituted by chamber 20, diaphragm 
21, a chamber 24, seat 32), a spring 27 acting on the 
differential pressure valve 20, 21, 24, 32 in the closing 
direction enabling the fuel to pass, via the line 25, into 
a chamber 63 of the injection valve 26. From the cham 
ber 63, the fuel is able to pass to a chamber 66 via a 
valve seat 64, which is adapted to be closed by a dia 
phragm 65. A spring 67 holding the valve needle 41 in 
the closing position is arranged in the chamber 66. The 
valve constituted by the diaphragm 65 and the valve 
seat 64 is adapted to be acted upon by a spring 71 in the 
closing direction via a spherical member 69, which is 
connected to a spring washer 68 and which is guided by 
a protective plate 70. The end of the spring 71 facing 
away from the spring washer 68 is supported on a screw 
72 which is adapted to adjust the initial stressing of the 
spring 71. During the warm-up stage of operation of the 
internal combustion engine, the force of the spring 71 
on the diaphragm 65 is reduced owing to the fact that 
the bi-metallic spring 68 engages on the spring washer 
69 and counteracts the force of the spring 71. When 
the warm-up has terminated, the electrically heated bi 
metallic spring 48 has curved in the direction of the di 
aphragm 65 and is thus out of engagement with the 
spring washer 68 so that the full spring force of the 
spring 71 can act on the diaphragm 65. 

In the embodiment according to FIG. 2, the reduc 
tion of the force of the spring 71 on the diaphragm 65 
effects that the fuel pressure in the fuel injection system 
is lowered which results in a reduction of the restoring 
force on the measuring member 3 during the warm-up 
stage of operation of the internal combustion engine 
and an increased quantity of fuel is metered out. 
Through combining the warm-up valve and the valve 

for adjusting the fuel pressure in the fuel injection sys 
tem in the injection valve, the embodiment according 
to FIG. 1 has the advantage that a separate warm-up 
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6 
valve and a separate pressure system valve are not re 
quired. Neither is it necessary to provide an additional 
pressure circulation system for controlling the restoring 
force on the measuring member as the pressure in the 
system upstream of the metering valve serves this pur 
pose and with simple means, it is possible to reduce the 
pressure in the system and thus increase the fuel-air 
mixture during the warmup stage of operation of the 
internal combustion engine. 
The embodiment of the invention represented in 

FIG. 2 has the advantage of reducing the quality re 
quirements of the injection valve while retaining the 
advantageous combination of the warm-up valve and 
the valve for adjusting the fuel pressure in the injection 
valve. 
While illustrative, exemplary embodiments have 

been illustrated and described above, it is to be appre 
ciated that these embodiments are set out by way of ex 
ample not by way of limitations. Numerous other em 
bodiments and varients are possible within the spirit 
and scope of the invention, the scope being defined by 
the appended claims. 
What is claimed is: 
1. In a fuel injection system for separately ignited, in 

ternal combustion engines involving continuous injec 
tion into an induction tube section of an intake mani 
fold, a measuring member and a randomly activatable 
throttle valve being arranged in series in the induction 
tube section, the measuring member being displaceable 
against a restoring force by an operating member ac 
cording to the amount of air flowing through, a mobile 
part of a metering valve which is disposed in a fuel line 
and which, with a constant pressure difference, meters 
out a quantity of fuel proportional to the amount of air 
being coupled to the operating member, the restoring 
force for the measuring member being produced by 
pressure fluid which acts at least indirectly on the oper 
ating member, the improvement comprising means for 
adjusting fuel pressure downstream from said metering 
valve for influencing pressure of the pressure fluid. 

2. An improved fuel injection system as claimed in 
claim 1, wherein said pressure fluid is fuel, the pressure 
of which is determined by pressure in the system down 
stream from said metering valve. 

3. An improved fuel injection system as defined in 
claim 2, including a heatable bi-metallic spring and 
valve means having spring means; the spring force, 
which acts in the closing direction, is reduced during 
the warm-up stage of operation of the engine by means 
of said heatable bi-metallic spring, said valve means 
being operatively arranged to vary pressure in the sys 
tem upstream from said metering valve. 

4. An improved fuel injection system as defined in 
claim 3, including an injection valve disposed immedi 
ately downstream from said throttle valve for injecting 
fuel into said induction tube section. 

5. An improved fuel injection system as defined in 
claim 4, including electrical heating means disposed in 
the vicinity of said injection valve for heating the fuel. 

6. An improved fuel injection system as defined in 
claim 4, wherein said spring means includes a first 
spring holding a valve needle of the injection valve in 
the closing position acts against a second spring which 
is also part of said spring means. 

7. An improved fuel injection system as defined in 
claim 6, including an adjustable piston and wherein ini 
tial stressing of said second spring is varied by said 
heatable bi-metallic spring via said adjusting piston. 
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8. An improved fuel injection system as defined in 
claim 7, including two stops, and wherein said adjusting 
piston is displaceable between two stops defining its 
end positions. 

9. An improved fuel injection system as defined in 
claim 8, including a duct connected between said in 
duction tube section and a region adjacent said adjust 
ing piston for introducing leaking fuel from the adjust 
ing piston into said induction tube section downstream 
of said throttle valve. 

10. An improved fuel injection system as defined in 
claim 4, wherein said valve means and said spring 
means are arranged within said injection valve. 
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8 
11. A fuel injection system as claimed in claim 10, 

wherein said injection valve is operatively arranged to 
act as a valve for varying fuel pressure downstream 
from said metering valve. 

12. A fuel injection system as claimed in claim 10, in 
cluding a closing spring, and wherein said valve for 
varying fuel pressure downstream from said metering 
valve comprises a flat seat valve with a diaphragm as its 
displaceable valve part, said diaphragm being posi 
tioned to be acted on by said closing spring in the clos 
ing direction. 

13. A fuel injection system as claimed in claim 12, 
wherein the force of said closing spring on said dia 
phragm is reduced by action of said bi-metallic spring. 
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