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[5 7 ] ABSTRACT 

In a fuel injection apparatus in which an air sensor de 
?ected as a function of the intake air quantities main 
tains the air-to-fuel ratio at a constant value and 
wherein the return force affecting the air sensor and 
opposing the de?ecting force of the air flow is derived 
from pressurized liquid, there is provided a control 
valve for altering the pressure of said liquid; the set 
ting of said control valve is determined by a primary 
spring, the bias of which is varied as a function of en 
gine parameters and by an opposing secondary spring, 
the bias of which is varied as a function of the oxygen 
content of the exhaust gas for the purpose of main 
taining therein an air ratio A close to 1. 

3 Claims, 1 Drawing Figure 
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FUEL INJECTION APPARATUS FOR 
EXTERNALLY IGNITEI) INTERNAL 

COMBUSTION ENGINES OPERATING ON 
CONTINUOUSLY INJECTED FUEL 

BACKGROUND OF THE INVENTION 

This invention relates to a fuel injection apparatus 
that continuously injects fuel into the suction tube of an 
externally ignited internal combustion engine and is of 
the type which includes an air sensor disposed in the 
suction tube and spaced from an arbitrarily operable 
butter?y valve. The air sensor is de?ected against a 
constant return force by and as a function of the 
throughgoing air quantities and actuates the valve 
member of a fuel metering valve for metering fuel 
quantities in proportion to the air quantities. The re 
turn force is derived from pressurized liquid which is 
supplied under constant, but arbitrarily variable pres 
sure through a pressure conduit and affects a force 
transmitting member coupled to the air sensor. For reg 
ulating the return force there is provided a flat seat 
valve having a movable valve member constituted by a 
diaphragm which is loaded by a primary spring, the bias 
of which is variable as a function of engine parameters. 

The exhaust gases of internal combustion engines 
contain among others, carbon monoxide, nitrogen ox 
ides and uncombusted or partially combusted hydro 
carbons which pollute the air to a signi?cant degree. In 
order to substantially convert the harmful pollutants of 
the exhaust gas to harmless compounds, the exhaust 
gas is passed at a temperature of about 600° C through 
catalyzers. In such a procedure it is necessary that the 
exhaust gas have a composition which permits a practi 
cally complete conversion into harmless compounds, 
that is, the air-to-fuel ratio has to be approximately 
stoichometrical or, stated differently, the air ratio 
should be close to l. 

OBJECT AND SUMMARY OF THE INVENTION 

It is an object of the invention to provide an im 
proved fuel injection apparatus of the aforenoted type 
wherein the aforenoted favorable air ratio It is effected 
by an additional change in the return force exerted on 
the air sensor. 
Brie?y stated, according to the invention, there is 

provided a secondary spring which opposes the afore 
noted primary spring and the bias of which is variable 
as a function of the air ratio in the exhaust gas of the 
internal combustion engine. 
The invention will be better understood, as well as 

further objects and advantages become more apparent, 
from the ensuing detailed speci?cation of a preferred, 
although exemplary, embodiment taken in conjunction 
with the sole figure illustrating the invention in sche 
matic longitudinal section. ‘ 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Turning now to the sole FIGURE, the intake air en 
ters from the left into a suction tube portion 1 and then 
?ows into a conical suction tube portion 2 in which 
there is movably disposed an air sensor 3. Therefrom 
the air passes through a connecting hose 4 into a suc 
tion tube portion 5 which contains an arbitrarily opera 
ble butter?y valve 6. Therefrom the intake air ?ows to 
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2 
one or more cylinders of the internal combustion en 
gine with which the fuel injection apparatus is associ 
ated. The air sensor 3 comprises a plate member 3 dis 
posed normal to the direction of air ?ow and is mov 
able by, and as an approximately linear function of, the 
air quantities passing through the suction tube. Assum 
ing a constant return force on the air sensor 3 (that is, 
a return force which is independent from the position 
of the air sensor 3) and further assuming a constant air 
pressure upstream of the air sensor 3, the pressure pre 
vailing between the air sensor 3 and the butterfly valve 
6 will also be constant. 
The air sensor 3 directly controls a fuel metering and 

quantity distributor valve 7. For this purpose, the mo 
tion of the air sensor 3 is transmitted to the valve 7 by 
a lever 8 connected with the air sensor plate and sup 
ported by a pivot pin 9. During the pivotal motion of 
the lever 8, its nose 10 displaces a movable valve mem 
ber 11 which forms part of the fuel metering and quan 
tity distributor valve 7 and which is shaped as control 
plunger. The radial face 12 of the control plunger 11 
disposed remote from the nose 10 of the lever 8 is ex 
posed to pressurized liquid, which serves as the return 
force affecting the air sensor 3. 
The fuel is supplied to the fuel injection apparatus by 

means of a fuel pump 15 which is driven by an electro 
motor 14 and which draws fuel from a fuel tank 16 and 
drives it to the fuel metering valve 7 through a conduit 
17. From the latter there extends a conduit 18 in which 
there is situated a pressure limiting valve 19. 
From the conduit 17 the fuel is admitted into a chan 

nel 22 in the housing of the fuel metering and distribu 
tor valve 7. The channel 22 leads to an axially long an 
nular groove 23 provided in the control plunger 11 and 
further, through a plurality of ports, to individual 
chambers 24 each bounded by a portion of a sole dia 
phragm 25. In this manner one side of the diaphragm 
25 is exposed to the pressure of the fuel. Dependent 
upon the position of the control plunger 11, a control 
edge 11a bounding the annular groove 23 overlaps to 
a greater or lesser extent the control slots 26 each of 
which communicates through an associated channel 
27, with a chamber 28 separated from an associated 
chamber 24 by the diaphragm 25. From the chamber 
28 the fuel is admitted through channels 29 to the indi 
vidual fuel injection valves (not shown) which are dis 
posed in the suction tube in the vicinity of the engine 
cylinders. The diaphragm 25 serves as the movable 
valve member of a ?at seat valve which, when the fuel 
injection apparatus is not operational, is maintained in 
an open position by means of a spring 30. The dia 
phragm boxes, each formed of a chamber 24 and a 
chamber 28 and each including a ?at seat valve, ensure 
that independently from the extent of overlap between 
the annular groove 23 and the control slots 26, that is, 
independently from the fuel quantities passing to the 
fuel injection valves, the pressure drop across the fuel 
metering valve 23, 26 remains substantially constant. 
Upon pivotal motion of the lever 8, the air sensor 

plate 3 is moved as a function of the throughgoing air 
quantities in the conical portion 2, so that the annular 
?ow passage section defined by the periphery of the air 
sensor plate and the inner wall of the conical portion 
2 is proportionate to the de?ection of the air sensor 3. 
With this assumption given, there exists a linear depen 
dence between the de?ection of the air sensor 3 and 
the displacement of the control plunger 11, so that to 



3,842,813 
3 

the air quantities passing through the suction tube there 
are added continuously proportionate fuel quantities. 
The pressurized liquid which exerts a force on the 

control plunger 11 is fuel taken from the fuel circuit. 
For this purpose, from the conduit 17 there extends a 
conduit 33 which opens into a pressure chamber 34 
through a throttle 56. Into the latter there projects that 
portion of the control plunger 11 that includes the ter 
minal radial face 12. In the conduit 33 there is disposed 
a throttle 35 which separates the supply circuit 17 of 
the fuel metering valve 7 from the control pressure cir 
cuit now to be described. 
From the conduit 33, downstream of the throttle 35, 

there extends a conduit 36 which leads to a regulating 
mechanism 37 which is formed as a ?at seat valve. Its 
movable valve member is constituted by a diaphragm 
41 which cooperates with a stationary valve seat 42. A 
very slight displacement of the diaphragm 41 is suffi 
cient to fully open this valve and allow the fuel to pass 
therethrough from the pressure conduit 36 and ?ow in 
a depressurized condition through a conduit 38 back 
into the fuel tank 16. 
The diaphragm 41 is loaded by a primary spring 43, 

the bias of which is a function of the position of the but 
ter?y valve 6. For this purpose there is provided a cam 
disc 44 which is affixed to the shaft 45 of the butter?y 
valve 6. The cam disc 44 is in engagement with a fol 
lower pin 46, the movement of which is transmitted 
through a cup-shaped spring seat member 47 to the pri 
mary spring 43. On that side of the diaphragm 41 which 
is facing away from the primary spring 43 there is ex 
erted the force of a secondary spring 48 supported at 
its other end by a magnet armature 49. The latter slides 
on a sleeve 50 in the inside ofa solenoid 51 and is urged 
by the secondary spring 48 into contact with a ?rst 
abutment 52 when the solenoid 51 is in a de-energized 
condition. In the energized condition of the latter the 
armature 49 is urged by the electromagnetic forces into 
engagement with a second abutment 54, overcoming 
the force of spring 48. The magnetic circuit is closed by 
a solenoid casing 53. 
The aforedescribed fuel injection apparatus operates 

in the following manner: 
When the internal combustion engine is running, the 

fuel pump 15 driven by the electromotor l4 draws fuel 
from the fuel tank 16 and drives the same through the 
conduit 17 to the fuel metering valve 7. Simulta 
neously, the internal combustion engine draws air 
through the suction tube 1, 2, 4, 5. As a result, the air 
sensor 3 is deflected from its position of rest to a cer 
tain extent. As a function of the magnitude of such de 
?ection, the lever 8 displaces the control plunger 11 
which, with its control edge lla, increases the ?ow pas 
sage section at the control slots 26. The direct connec 
tion between the air sensor 3 and the control plunger 
11 results in a constant ratio between the air quantities 
and the metered fuel quantities. 

In order to maintain the fuel-air mixture at a leaner 
or richer level as a function of the operational range of 
the internal combustion engine, it is necessary to vary 
the constant return force on the air sensor 3 as a func 
tion of engine parameters, such as the engine load, 
characterized, for example, by the angular position of 
the butter?y valve. Accordingly, such a change in the 
constant return force is effected by displacing, as a 
function of the angular position of the butter?y valve 
6, the follower pin 46 by the cam disc 44. In this man 
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4 
ner the bias of the primary spring 43 is also altered, re 
sulting in a change in the pressure of the pressurized 
liquid in the pressure chamber 34. 

In order to enhance the efficiency of the catalyzer 
disposed in the path of the exhaust gas, there must be 
ensured an air ratio A that is close to 1. To achieve this 
result it is necessary to continuously monitor the air 
ratio in the exhaust gas and to regulate the metering op 
eration of the fuel metering valve 7 accordingly. For 
monitoring the air ratio in the exhaust conduit, there 
may be provided an oxygen sonde, which, by means of 
an amplifier circuit, supplies the control current for the 
regulating mechanism 37 formed as a two-point regula 
tor. During the energized condition of the electromag 
net 51, 53 the armature 49 is drawn to the abutment 54 
whereby the bias of the secondary spring 48 working 
against the primary spring 43 is increased and thus the 
pressure in the control pressure circuit 33, 36 and in 
the pressure chamber 34 is lowered, resulting in the 
metering of increased fuel quantities. The pressure of 
the pressurized liquid and thus the metered fuel quanti 
ties may be regulated within relatively narrow limits by 
virtue of the aforenoted two-point regulation. 
The two-point regulation may also be used for con 

trolling the addition of an excess fuel quantity for start 
ing a cold engine, particularly if there is no requirement 
for steplessly controlling the operation of the hot en 
gine. For such a mode of application the regulating 
mechanism 37 operates, in an operational range limited 
in time, not as a regulating mechanism, but as a control 
mechanism. 
That which is claimed is: 
1. In a fuel injection apparatus for the continuous in 

jection of fuel into the suction tube of an internal com 
bustion engine, said suction tube containing an arbi 
trarily operable butter?y valve, said apparatus being of 
the known type that has 

a. an air sensor member forming part of an air sensor 
means disposed in said suction tube spaced from 
said butter?y valve, said air sensor member being 
de?ected by the ?ow of intake air as a function of 
the intake air quantities, 

b. lever means forming part of said air sensor means 
and being attached to said sensor member, 

0. means generating a return force affecting said air 
sensor means and opposing the de?ecting force of 
the air ?ow, said return force being independent 
from the de?ected position of said air sensor mem 
ber, said means including a pressure chamber ?lled 
with pressurized liquid supplying said return force, 

. a fuel metering and distributor valve having a mov 
able valve member exposed to the pressure of said 
liquid and operatively connected to said lever 
means to be displaced thereby against said return 
force to an extent proportionate to the de?ection 
of said air sensor member for maintaining constant 
the fuel-to-air ratio for any given return force, 

e. a control valve means varying said return force, 
said control valve means having a movable valve 
member loaded by a primary spring and 

f. means varying the bias of said primary spring as a 
function of at least one engine parameter, the im 
provement comprising a secondary spring con 
nected to said movable valve member of said con 
trol valve means and means for varying the bias of 
said secondary spring as a function of the air ratio 
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in the exhaust gas of said internal combustion en 
gine, wherein said control valve means is formed as 
a flat seat valve and its movable valve member is 
constituted by a diaphragm, and wherein said pri 
mary spring exerts a force on one side of said dia 
phragm and said secondary spring exerts an oppos 
ing force on the other side of said diaphragm, 

2. In a fuel injection apparatus for the continuous in 
jection of fuel into the suction tube of an internal com 
bustion engine, said suction tube containing an arbi 
trarily operable butter?y valve, said apparatus being of 
the known type that has 

a. an air sensor member forming part of an air sensor 
means disposed in said suction tube spaced from 
said butter?y valve, said air sensor member being 
de?ected by the ?ow of intake air as a function of 
the intake air quantities, 

b. lever means forming part of said air sensor means 
and being attached to said sensor member, 

c. means generating a return force affecting said air 
sensor means and opposing the de?ecting force of 
the air ?ow, said return force being independent 
from the de?ected position of said air sensor mem 
ber, said means including a pressure chamber ?lled 
with pressurized liquid supplying said return force, 

d. a fuel metering and distributor valve having a mov 
able valve member exposed to the pressure of said 
liquid and operatively connected to said lever 
means to be displaced thereby against said return 
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6 
force to an extent proportionate to the de?ection 
of said air sensor member for maintaining constant 
the fuel-to-air ratio for any given return force, 

e. a control valve means varying said return force, 
said control valve means having a movable valve 
member loaded by a primary spring, and 

. means varying the bias of said primary spring as a 
function of at least one engine parameter, the im 
provement comprising a secondary spring con 
nected to said movable valve member of said con 
trol valve means and means for varying the bias of 
said secondary spring as a function of the air ratio 
in the exhaust gas of said internal combustion en 
gine, said means for varying the bias of said secon 
dary spring including an electromagnet having a 
solenoid and an armature displaceable by electro 
magnetic forces generated by said solenoid and 
means for energizing said solenoid, said secondary 
spring being in engagement with said armature with 
the bias of said secondary spring being varied as a 
function of the position of said armature. 

3. An improvement as defined in claim 2, wherein the 
means for varying the bias of said secondary spring fur 
ther includes a ?rst abutment against which said arma~ 
ture is pressed by said secondary spring in the de 
energized condition of said solenoid and a second abut 
ment against which said armature is pressed by electro 
magnetic forces in the energized condition of said sole 
noid. 

***** 


