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The present invention refers to fuel injection systems 
for internal combustion engines operated by an external 

nited States Patent Office 
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ignition control device, particularly to such Systems re- . 
lated to motor cars. More specifically the present inven 
tion concerns a fuel injection system in which the fuel 
injection rate is determined by control means which are 
timed during operation by 
the engine. 

In fuel injection systems of this type the fuel injection 
rate must be regulated depending upon the varying ro 
tational speeds of the internal combustion engine in such 
a manner that the fuel-air mixture entering the cylinder 
always contains sufficient component of fuel. This fuel 
component must be kept in the stoichiometric proportion 
with respect to the introduced air. - 

It is therefore a main object of the present invention 
to provide for a speed-responsive fuel injection system 

the actual rotational speed of 
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for engines of the above described type, capable of auto 
matically regulating the fuel injection rate in the above 
mentioned manner. - . . 

It is another object of this invention to provide for a 
fuel injection system of the type set forth above, directly 
operated and controlled by the conventional ignition con 
trol device of the engine. 

It is another object of this invention to provide a speed 
responsive fuel injection system of the type set forth, 
controlled by the air supply control means of the engine 
or motor vehicle, which usually is a pedal-controlled 
choke so that the fuel injection rate is always correlated 
with the varying operating conditions of the engine. 
With above objects in view the fuel injection system 

according to the invention mainly comprises timing means 
adapted to be actuated by the ignition control device of 
the internal combustion engine for producing a sequence 
of electrical pulses in synchronism with the operational 
frequency of the ignition control device so that the num 
ber of said electrical pulses is proportional to the rota 
tional speed of the engine, said timing means including. 
electrical means capable of converting said pulses into 
a control potential, the average value of which is pro 
portionate to the operational frequency of said ignition 
control device. The system further includes electrically 
controllable fuel injection means adapted to be controlled 
by the above mentioned control potential of said elec 

I trical means in such a manner that the injection admis 
sion rate of the fuel injection means is determined by 
said control potential of said electrical means. The sys 
tem includes moreover actuating means in circuit with 
said electrically controllable fuel injection means and 
with said electrical means, whereby the injection admis 
sion rate of said fuel injection means is regulated in a 
predetermined proportion to the rotational speed of the 
internal combustion engine. 

In a preferred embodiment of the invention, the above 
mentioned electrical means mainly consist in capacitor 
means capable of being charged by the pulses produced 
by said timing means to a charge potential, which due to 
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the varying time intervals between the pulses permitting 

2 
a more or less substantial discharge of said capacitor 
assumes an average value which is proportionate to the 
operational frequency of the ignition control device, 

: The novel features which are considered as character 
istic for the invention are set forth in particular in the 
appended claims. The invention itself, however, both 
as to its construction and its method of operation, to 
gether with additional objects and advantages thereof, 
will be best understood from the following description of 
specific: embodiments when read in connection with the 
accompanying drawings, in which: 

Figure 1 is a schematic diagram of an embodiment of 
the fuel injection system according to the invention, show 
ing a circuit diagram of the component electrical parts 
and in connection therewith a four-cylinder internal com 
bustion engine of the spark-ignition type, including di 
agrammatically the ignition control means and a fuel 
injection device; 

Figure 2 is a graph with time as abscissa and voltage 
as ordinate to illustrate the operation of the device; 
and 

Figure 3 is a graph with revolutions per minute as 
abscissa and volume of fuel injection as ordinate, to illus 
trate the relation between these two factors and the differ 
ent possible degrees of choke openings. 

Referring now to Fig. 1, the engine 10 includes a dis 
tributor shaft 11 which is not illustrated as such but repre 
sented by a dash-dot line which branches off into several 
arms only in order to show the connection between the 
engine 10 and various elements in the diagram which 
are to be understood to be rotated by the engine 10. The 
distributor shaft 11 of the high voltage ignition device 
rotates at a rotational speed equal to that of the cam 
shaft of the engine. The shaft 11 carries a rotating dis 
tributor electrode i2. which cooperates with four sta 
tionary electrodes 13, 14, 5 and 16. Each one of these 
last mentioned electrodes is connected by a cable to one 
of the spark plugs 7 of the engine 10. In order not to 
crowd the drawing, only the one cable 18 leading from 
the electrode 13 to one of the spark plugs 17 is shown 
in Figure 1. - 

In circuit with a source of energy consisting of a 12 
volt battery 20, is connected the primary coil 21 of an 
ignition coil which carries on a common iron core 22 
a secondary high voltage coil 24 which is also connected 
in circuit with the battery 20. Current from the battery 
is applied to the primary winding 21 every time when an 
interrupter cam 25 also mounted on shaft 11 urges the 
interrupter switch arm 26 against its stationary contact 
27 so as to connect the second end of the primary wind 
ing 21 with the grounded minus connection of the battery 
20. Every time when the interrupter arm 26 under the 
action of a spring, not shown, separates from the sta 
tionary contact 27, and thereby interrupts the battery 
current flowing through the primary winding 21 of the 
ignition coil, an ignition voltage is induced in the high 
voltage winding 24 which is connected with the rotating 
distributor electrode so that this ignition voltage is 
transmitted to the spark plugs 17 in sequence correspond 
ing to the various positions of the electrode 12 with re 
spect to the stationary electrodes 13-16. 
The engine 10 is provided with an air intake pipe 30 

equipped with a filter 3i. A tiltable choke plate 80 is 
mounted inside the pipe 30, and an injection nozzle 32 is 
mounted to communicate with the pipe 30, fuel injection 
control means being connected with the nozzle 32. The 
fuel injection control means comprise a chamber 33 which 
is supplied with fuel under constant pressure through a 
feed pipe 37 and a valve cone 35 is mounted therein 
movable in axial direction. The valve cone 35 is con 
nected with an armature member 36 located movably 
within a solenoid coil 34, Whenever and as long as a cur 



2,980,744 
3. 

rent J furnished by electronic amplifier means 28 flows 
through the solenoid coil 34 in a strength sufficient for 
lifting the armature 36 and consequently the valve cone 
35 from its valve seat, fuel is able to flow from the 
chamber 33 through the nozzle 32 into the air intake pipe 
30 for producing the required fuel-air mixture. The 
longer the valve cone 35 is lifted from its seat, the more 
fuel will flow from the fuel injection control means into 
the air intake pipe 36. 
The fuel injection valve is opened, as will be explained 

further below, every time when a control cam 38 mounted 
on the same shaft as the interrupter cam 25 closes the 
switch 39. However, the duration of the period through 
which the fuel injection valve remains open and thus the 
amount of fuel injected in every cycle of its operation is 
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regulated depending upon the varying operating conditions 
of the engine by means of the electrical apparatus de 
scribed further below. 

In the particular embodiment illustrated in Figure 1, 
the electrical apparatus comprised in the fuel injection 
system according to the invention, includes a monostable 
flip-flop device 48 and a timing device 4. These two 
main components are surrounded in Figure 1 by dotted 
lines. As is generally known, a flip-flop device is capable 
of changing between a stable condition and an unstable 

20 

25 
condition. In the present case the flip-flop device serves - 
the purpose of furnishing in its unstable condition a 
current impulse to the solenoid coil 34 of the injection 
control means causing the valve 35 to open and to stay 
open, but permits the closing of the valve 35 by auto 
matically returning to its stable condition when the con 
trol impulse which has changed the flip-flop device to its 
unstable condition, is terminated. In other words, during 
the time during which the flip-flop device is in its unstable 
condition the injection valve 35 is open and the duration 
of the unstable condition of the flip-flop device determines 
the duration of the open position of the injection valve 
35 and thus the amount of fuel injected into the air pipe 
30. As will be explained in detail below, the unstable 
condition of the flip-flop device can be only maintained 
until a condenser 58 forming part of the flip-flop device 
and charged during the stable condition thereof is dis 
charged. The time of discharge is determined by a series 
combination of resistors 59 and 60 connected in parallel 
with the condenser 58. The purpose of the time control 
device 4 consists in furnishing a control potential which 
depends in its magnitude upon the varying rotational 
speeds of the engine and which determines or at least in 
fluences the period of time through which the flip-flop 
device 40 remains in its unstable condition. 

Both the flip-flop device 40 and the time control device 

30 

35 

40 

50 

41 are connected on one side with a common supply ine. 
42 which is connected to the positive terminal of the 
battery 20. A common ground connection 43 is connected 
to the negative terminal of the battery 20. The actuation 
of the flip-flop device in synchronism with the rotational 
speed of the engine is effected by the above mentioned cam 
member 38 rotating with the distributor shaft 11 and by 
the switch 39 operated by the cam 38 and connected in 
series combination with a resistor 51 of e.g. 20,000 ohm. 
between the positive line 42 and the grounded negative 
line 43. A coupling condenser 52 is connected to a 
junction point P3 between the switch 39 and the resistor 
51 and is connected on the other side with a resistor 53 
and a germanium diode 54. The other terminal of the 
diode 54 is connected with the base of a transistor T1 
forming also a part of the flip-flop device 40. The base 
of this transistor is also connected by a resistor 55 of 
e.g. 5,000 ohm with the positive line 42, and at the same 
time by a resistor 56 via junction point P2 with the col 
lector K2 of another transistor T2 of the flip-flop device 
40. The just mentioned collector K2 of the transistor 
T2 is connected via junction point P2 and a resistor 67 of 
e.g. 5,000 ohm with the grounded line 43. The emitter 
E2 of the transistor T2 is connected with the sliding tap 
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4. 
of a potentiometer R which in turn is connected at one 
end with the positive line 42 and with its other end with 
the emitter E3 of a transistor T3 which belongs to the 
time control device 41. 
The time limit element of the flip-flop device 40 com 

prises the above mentioned condenser 58 and the series 
combination of resistors 59 and 60 and is connected in 
circuit between the junction point Pi and the base of the 
transistor T2, the junction point P being located between 
two resistors 61 and 62. The resistor 61 has e.g. a value 
of 5,000 ohm and is connected to the grounded line 43 
while the resistor 62 has e.g. only a value of 1,200 ohm. 
and is connected with the collector Ki of the transistor 
T. Finally, a resistor 63 of e.g. 5,000 ohm is connected 
between the ground line 43 and the emitter E of the tran 
sistor T1, and an emitter resistor 64 of e.g. 500 ohm is 
connected with the positive line 42. 
Of the two resistors forming part of the time limit of 

the flip-flop device 40, the resistor 59 is preferably variable 
depending upon the prevailing pressure and temperature 
of the surrounding air by means of e.g. a diaphragm 
device 59' as shown diagrammatically being connected 
with the control member 59', while the other resistor 
60 is a fixed resistor. Assuming that the condenser 58 
has a capacity of 0.1 uf, the total series resistance of the 
two resistors 59 and 60 should not exceed a value of 
150,000 ohm. 
The connection between the base of the transistor T2 

and the junction point P4 between the resistor 60 and one 
terminal of the condenser 58, includes a resistor 65 of 
e.g. 5,000 ohm which is only shown because it favorably 
influences the operation of the flip-flop device without 
being absolutely necessary. - 
An amplifier transistor 23 is connected with its base 

via junction point P2 with the collector K2 of the tran 
sistor T2. The emitter E28 of the transistor 28 is directly 
connected with the positive line 42 while the collector 
K28 is connected with one end of the solenoid coil 34 of 
the injection control device. The other end of the coil 34 
is connected to ground and thereby to the negative ter 
minal of the battery 20. 
The time control device 41 includes, in addition to the 

above mentioned transistor T3, a silicon diode 75 which 
is connected between the positive line 42 and the base 
of the transistor T3. This base is also connected across 
a differentiating timing network composed of a coupling 
condenser 76 of e.g. approximately 100 micronicrofarad 
and an attenuating resistor 77 of e.g. 20,000 ohm, with the 
primary winding 21 of the ignition coil. While the emitter 
electrode E3 of the transistor T3 is connected with a 
charging condenser 73 of e.g. 200 af, which is connected, 
in parallel with the potentiometer R, with the line 42. 
Thus the above mentioned diode 75 is connected in par 
allel with the transistor T3 and the charging condenser 78. 

It can be seen, that whenever the switch arm 26 of 
the interrupter device is urged by the interrupter cam 
25 against the stationary contact 27, the coupling con 
denser 76 is charged via the emitter-base circuit of the 

O 
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transistor T3 by the pulses originating in the primary 
winding 21 of the ignition coil. Each of these pulses 
causes the transistor T3 to become conductive for a period 
of time which is determined by the charging time constant 
of the timing network composed of the resistor 77 and 
the coupling condenser 76, which however is independent 
of the number of revolutions or the rotational speed of 
the engine. As long as the transistor T3 is conductive the 
condenser 78 is charged. The potentiometer R must 
have so high a resistivity that the condenser 78 loses 
thereacross during the intervals between the pulses fur 
nished by the interrupter 25-27 only a portion of the 
charge built up during the duration of said pulses. There 
fore, its average charge potential is the higher the faster 
the engine rotates because in this case the time available. 
for discharging becomes shorter. 

- The sliding tap of the potentiometer R is operatively 
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connected with actuating means connecting a foot pedal 
81 with the above mentioned choke plate 80 in the air 
intake pipe 30. Therefore, the sliding tap is moved along 
the potentiometer. 'R in conjunction with the operation 
of the choke 80. Therefore, the greater, the degree of 
opening of the choke 80, the more the sliding tap is 
moved toward the line. 42, and the smaller is the portion 
of the charge potential of the charging condenser 78 
which is applied to the emitter E2 of the transistor T2. 
On the other hand, when choke 80 is only slightly opened, 
e.g. ox=2.5, then the sliding tap is positioned near the 
opposite end of the potentiometer R so that practically 
the full charge potential of the condenser 78 is applied 
to the emitter E2 of the transistor T2. This has the effect 
that the voltage appearing between the emitter E2 and 
the grounded line 43 is smaller than the full battery volt 
age. This is due to the fact that the potential of the 
emitter E3 and therefore also the potential of the emitter 
E2 becomes smaller than the potential of the positive 
line 42 as soon as the voltage tapped off of the potentiom 
eter Rand acting in opposition to the battery voltage, has 
:a value which is above the value 0. Hence the average 
charge potential of the condenser 78 increases with in 
creasing rotational speed of the engine, the emitter-base 
current flowing through the transistor T2 and through the 
resistors 65, 60,59 and 61 decreases with increasing ro 
itational speed of the engine, as long as the transistor T1 
is non-conductive. Thus, the potential U of the con 
sdenser 58 will always decrease with increasing rotational 
speed of the engine. 

It should be noted that in the circuit illustrated by 
iFigure 1 the transistors T1, T2, and 28 are coupled con 
secutively with each other in such a manner that each 
transistor is connected with the collector of the preceding 
transistor so that each following transistor is always in 
opposite conductive condition as compared with the con 
dition of the preceding transistor. - -- - 

In practice, the flip-flop device 40 operates as follows: 
As long as the switch 39 is in open position the tran 

sistor T1 is non-conductive while the transistor T2 is con 
ductive. This will be understood by considering that, 
under the assumption of the above given values of re 
sistances and voltages, the collector potential k2 of the 
transistor T2 is approximately 10 volt. 
assumption the base potential of the transistor T1, deter: 
mined by the resistors 55 and 56, has the value b1=11.3 
volts. The emitter potential of the transistor. T, deter 
mined by the resistors 63 and 64, amounts to e1=109 
volts. Since now the potential b1 is higher than the 
emitter potential e1 no control current can flow from 
the emitter to the base of the transistor T1. Thus the 
transistor T1 is non-conductive. . . 
Under these circumstances the potential p1 at the junc 

tion point P1 then depends practically only on that volt 
age drop which is caused in the resistor 61 by the base 
current of the transistor T2 flowing from that base 
through the resistors 65, 60, 59 and 61. If it is now as 
sumed that for a certain rotational speed of the engine 
and for the position of the sliding tap of the potentiom 
eter R as shown in Figure 1 the emitter potential e2 of the 
transistor. T2 is at least temporarily approximately con 
stant in the amount of 11 volts, then the base potential b2 
of the transistor T2 is approximately 10 volts. Assuming 
tfurther that the fixed resistor 60 has 40,000 ohms and at 
the given moment the resistance adjusted at the air pres 
sure controlled resistor 59 is 15,000 ohms then the voltage 
drop appearing across the resistors 60 and 59 is approxi 
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6 
transistor T1 is lowered temporarily for a short period 
approximately to 0 because in this instance the coupling 
condenser 52 is discharged and constitutes at the mo 
ment of the closure of the switch 39 practically a short 
circuit. Only now a control current can flow from the 
emitter E1 of the transistor T1 to its base so as to make 
this transistor T1 so strongly conductive that its collector 
current JK1 becomes about 1.8 ma. and causes across the 
resistor 61 a voltage drop of approximately 9 volts. Con 
sequently, the potential p1 at the junction point P1 which 
is connected with the now charged condenser 58, rises 
to a value of 9 volts. Since the condenser 58 has its full 
charge potential U, the effect of the started collector cur 
rent J1 of the transistor T1 is that the potential b2 at 
the base of the transistor T2 is raised by the addition of 
the above mentioned voltage drop of 9 volts across the 
resistor 61 to a new potential of 17 volts. This potential 
is under all circumstances above the emitter potential 
e2 of the transistor T2. However, the transistor T2 can 
only carry current if and as long as its base potential is 
lower than its emitter potential. Thus, the closing of 
the switch 39 causes the transistor T2 to be temporarily 
non-conductive so that no emitter-base current can flow 
any longer. The collector potential k2 now amounts to 3 
volts which potential is practically determined only by the 
current flowing through the resistor 55, 56 and 67. For 
the reasons stated, after the time t, no charge can be 
applied to the condenser 58 via the resistor 65. There 
fore, the condenser 58 is discharged comparatively quick 
ly via the two resistors 60 and 59. To the extent as the 
condenser 58 discharges, and as its potential U, de 
creases, also the potential at the base of the transistor T2 
drops gradually to a value below the emitter potential e2 
as can be seen in Figure 2. This condition is established 
at the time t whereafter the transistor T2 is again capable 
to cause the flow of a current through the resistor 67 
whereby the potential of the junction point P2 is caused 
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across the resistor 67. 

to become substantially positive so that the transistor T1 
and consequently the transistor 28 are suddenly rendered 
non-conductive. . . . . . . . 

Returning once more to the above described perform 
ance, the current flowing through the resistors 55, 56 and 
67 which determined the collector potential k2 of 3 volts, 
produces at the resistor 55 connected between the line 
42 and the base of the transistor T1 a base potential b1. 
of 9 volts which is sufficiently low in comparison to the 
emitter potential e1 of 10.9 volts for maintaining the 
transistor T1 in conductive condition even at the time 
when the switch 39 is again in open condition and the im 
pulse passing through the meanwhile charged coupling 
condenser 52 has terminated. . . . . 

It can be seen that the flip-flop device 40 does not 
return to its original stable condition before the con 
denser. 58 forming part of its time limit component has 
discharged from its previous charge potential U of 8.3 
volts to such an extent that the potential b2 at the base 
of the transistor T2 has dropped from 17.3 volts to a 
value below the emitter potential e2 of 11 volts that was 
tapped off the potentiometer R. As stated above this 
occurred at the time t and now transistor T2 becomes 
conductive again and therefore causes current to flow 

Hereby, as stated above, the po 
tential at the junction point P2 becomes sufficiently posi 

mately 8.3 volts while a potential p1 of 0.8 volt appears 
at the junction point P1. Consequently, the condenser 
58 is charged to a potential of 8.3 volts as long as the 
switch 39 is open and the transistor T1 is therefore non 
conductive. . . . 

- As soon as the cam member 38 at the time t (see 
Fig. 2) closed by the cam member 38 moving the switch 

70 

tive for causing both the transistor T1 and the transistor 
28 to become non-conductive. Hereby, as can be seen 
from the diagram, the energizing current J for the sole 
noid coil 34 is cut off so that the injection valve 35 closes. 
Consequently, the duration of injection of fuel through 
the nozzle 32 is limited between the times t1 and t, as 
shown clearly in Figure 2. Referring now to Figure 3 
it can be seen that the amount M of fuel injected per 
cycle of the engine must be. regulated in a manner de 
pending upon the number of revolutions in of the engine, 
and also depending upon the opening angle or of the 

29 into its closed position, the base potential b1 of the is choke 80 shown in Figure 1. It can be seen from the 



2,936,744 
7 

graph of Fig. 3 that for instance in the case of an angle 
as 2.5 of choke opening corresponding to idling of the 
engine, the amount of fuel M. aust be reduced from an 
amount of 28 mm.8 at 250 rp.m. to about 7 mm.8 at 750 
r.p.m. while for example in the case of an opening angle 
of 60 the requirement for fuel supply remains prac 
tically unchanged over the entire speed range of the 
engine and amounts to approximately 48 mm.8. 
A performance conforming with curves shown in Fig 

ure 3 is obtained by the control device 43 because the 
sliding tap of the potentiometer is so connected opera 
tively with the foot pedal 81 that, as mentioned above, 
the sliding tap is moved together with the turning of the 
foot pedal 81 in counterclockwise direction as seen in 
Figure 1, in such a manner that the tap moves toward 
that end of the potentiometer which is connected with 
the line 42. On the other hand whenever the pedal 3: 
returns under the action of a return spring not shown, 
into its position corresponding to idling of the engine, 
the tap is moved towards the other end of the potentiom 
eter which is connected with the emitter E3 of the tran 
sistor.T3. 

Since the average charge potential of the charging con 
denser 78 increases with increasing rotational speed of 
the engine, the emitter potential of the transistor T2 rises 
simultaneously so that the charging potential built up at 
the condenser 58 during the intervais between the con 
secutive changes of condition of the flip-flop device, de 
creases accordingly. If in this manner the charge. po 
tential of the condenser 58 is reduced to a value U then 
the second curve marked b2 in Figure 2 applies to this 
condition. The reduced charge potential U causes the 
base potential b2 of the transistor T2 to drop earlier to 
a value at which the transistor T2 cannot be kept any 
longer in its non-conductive condition, but on the con 
trary, becomes conductive and therefore causes the in 
jection valve 35 to close substantially earlier. The mo 
ment when this condition is obtained is marked in Fig. 
2 as ts. 

It can be seen therefore that as long as the sliding tap 
of the potentiometer R is kept by the corresponding posi 
tion of the pedal 81 in a position in which a substantial 
portion of the charge potential of the condenser 78 is 
tapped off the potentiometer R the amount of fuel M in 
jected per cycle drops off with increasing rotational speed 
of the engine in conformity with illustration thereof in 
Fig. 3. However, when the choke plate 80 is in com 
pletely open position then the sliding tap will be posi 
tioned so close to the potentiometer end R' near the 
positive line 42 that practically no potential at all is 
tapped off the potentiometer R. Then the duration of 
the open position of the injection valve is then practically 
independent of changes of the speed or number of revolu 
tions of the engine. 

scribed above, or two or more together, may also find a 
useful application in other types of fuel injection systems 
differing from the types described above. 
While the invention has been illustrated and described 

as embodied in speed responsive fuel injection system 
for an internal combustion engine, it is not intended to 
be limited to the details shown, since various modifica 
tions and structural changes may be made without de 
parting in any way from the spirit of the present in 
vention. 

Without further analysis, the foregoing will so fully re 
Veal the gist of the present invention that others can by 
applying current knowledge readily adapt it for various 
applications without omitting features that, from the 
standpoint of prior art, fairly constitute essential char 
acteristics of the generic or specific aspects of this inven 
tion and, therefore, such adaptations should and are in 
tended to be comprehended within the meaning and range 
of equivalence of the following claims. 
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8 
What is claimed as new and desired to be secured by 

Letters Patent is: 
1. A speed-responsive fuel injection system for an in 

ternal combustion engine having an ignition control de 
vice, comprising, in combination, timing means adapted 
to be actuated by the ignition control device of the in 
ternal combustion engine for producing a sequence of 
electrical pulses in synchronism with the operational fre 
quency of said ignition control device so that the number 
of said electrical pulses is proportional to the rotational 
speed of said engine, said timing means including elec 
trical means capable of converting said pulses into a con 
trol potential, the average value of which is proportionate 
to the operational frequency of the ignition control de 
vice; electrically controllable fuel injection means 
adapted to be controlled by said control potential of said 
electrical means in such a manner that the injection ad 
mission rate of said fuel injection means is determined 
by said control potential of said electrical means; and 
actuating means in circuit with said electrically control 
lable fuel injection means and with said electrical means, 
whereby said injection admission rate of said fuel-injec 
tion means is regulated in a predetermined proportion 
to the rotational speed of said internal combustion 
engine. 

2. A speed-responsive fuel injection system for an in 
ternal combustion engine having an ignition control de 
vice, comprising, in combination, timing means adapted 
to be actuated by the ignition control device of the in 
ternal combustion engine for producing a sequence of 
electrical pulses in synchronism with the operational fre 
quency of Said ignition control device so that the number 
of said electrical pulses is proportional to the rotational 
Speed of said engine, said timing means including ca 
pacitor means capable of being charged by said pulses to 
a charge potential, the average value of which is pro 
portionate to the operational frequency of the ignition 
control device; electrically controllable fuel injection 
means adapted to be controlled by said charge potential 
of said capacitor means in such a manner that the injec 
tion admission rate of said fuel injection means is deter 
mined by said charge potential of said capacitor means; 
and actuating means in circuit with said electrically con 
trollable fuel injection means and with said capacitor 
means, whereby said injection admission rate of said fuel 
injection means is regulated in a predetermined propor 
tion to the rotational speed of said internal combustion 
engine. 

3. A speed-responsive fuel injection system for an in 
ternal combustion engine operated by an external igni. 
tion control device, comprising, in combination, a source 
of electrical energy; timing means connected with said 
ignition control device for producing a sequence of pulses 
in Synchronism with the operational frequency of said 
ignition control device, said timing means including ca-. 
pacitor means capable of being charged by said pulses 
to a charge potential increasing with the operational fre 
guency of Said ignition control device; monostable flip 
flop means operatively connected with said ignition con 
trol device for being sequentially changed into its unstable 
condition in Synchronism with said operational frequency 
of Said ignition control device, and connected with said 
timing means for being returned to its stable condition 
after a time interval depending upon said charge po 
tential of said capacitor means; and electrically control 
lable fuel injection means in circuit with said source of 
electrical energy and with said flip-flop means in such a 
manner that said fuel injection means is held in open 
position as long as said flip-flop means is in its unstable 
condition, whereby the amount of fuel injected through 
said fuel injection means into said engine during each 
operational cycle is automatically regulated in a prede 
termined proportion to the rotational speed of said in 
ternal combustion engine. . 

4. A speed-responsive fuel injection system for an in 
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ternal combustion engine operated by an external ignition 
control device, comprising, in combination, a source of 
electrical energy; first timing means connected with said 
ignition control device for producing a sequence of pulses 
in synchronism with the operational frequency of said 
ignition control device and having a predetermined pulse 
duration independent of variations of said operational 
frequency of said ignition control device; second timing 
means connected to said first timing means and compris 
ing transistor means and capacitor means in circuit with 
each other for converting said sequence of pulses into a 
charge potential of said capacitor increasing with an in 
crease of said operational frequency of said ignition con 
trol device; monostable flip-flop means operatively con 
nected with said ignition control device for being Se 
quentially changed into its unstable condition in Syn 
chronism with said operational frequency of said ignition 
control device, and connected with said second timing 
means for being returned to its stable condition after a 
time interval depending upon said charge potential of said 
capacitor means; and electrically controllable fuel injec-. 
tion means in circuit with said source of electrical energy 
and with said flip-flop. means in such a manner that said 
fuel injection means is held in open position as long as 
said flip-flop means is in its unstable condition, whereby 
the amount of fuel injected through said fuel injection 
means during each operational cycle is automatically reg 
ulated in a predetermined proportion to the rotational 
speed of said internal combustion engine. 

5. A speed-responsive fuel injection system for an in 
termal combustion engine operated by an external igni 
tion control device, comprising, in combination, a source 
of electrical energy; first timing means connected with 
said ignition control device for producing a sequence of 
pulses in synchronism with the operational frequency of 
said ignition control device and having a predetermined 
pulse duration independent of variations of said opera 
tional frequency of said ignition control device; second 
timing means connected to said first timing means and 
comprising first transistor means and capacitor means in 
circuit with each other for converting said sequence of 
pulses into a charge potential of said capacitor increasing 
with an increase of said operational frequency of said 
ignition control device; monostable flip-flop means opera 
tively connected with said ignition control device for 
being sequentially changed into its unstable condition in 
synchronism with said operational frequency of said igni 
tion control device, and connected with said second tim 
ing means for being returned to its stable condition after 
a time interval depending upon said charge potential of 
said capacitor means, said flip-flop means including at 
least one second transistor and a sliding tap type potenti 
someter connected in parallel with said capacitor means, 
the sliding tap of said potentiometer being connected with 
the control electrode of said second transistor so that a 
portion of said charge potential of said capacitor means 
is applied to said second transistor depending upon the 
:setting of said sliding tap along said potentiometer; and 
-electrically controllable fuel injection means in circuit 
with said source of electrical energy and with said flip 
iflop means in such a manner that said fuel injection 
..means is held in open position as long as said flip-flop 
3 means is in its unstable condition, whereby the amount 
a of fuel injected through said fuel injection means during 
teach operational cycle is automatically regulated in a 
predetermined proportion to the rotational speed of said 
internal combustion engine. 

6. A speed-responsive fuel injection system for an in 
"ternal combustion engine operated by an external ignition 
control device, comprising, in combination, a source of 

... electrical energy; first timing means connected with said 

... ignition control device for producing a sequence of pulses 
in synchronism with the operational frequency of said 
ignition control device and having a predetermined pulse 

- duration independent of variations of said operational 
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10 
frequency of said ignition control device; second timing 
means connected to said first timing means and compris 
ing first transistor means and capacitor means in circuit 
with each other for converting said sequence of pulses 
into a charge potential of said capacitor increasing with 
an increase of said operational frequency of said ignition 
control device; monostable flip-flop means operatively. 
connected with said ignition control device for being Se 
quentially changed into its unstable condition in Synchro 
nism with said operational frequency of said ignition 
control device, and connected with said second timing 
means for being returned to its stable condition after a 
time interval depending upon said charge potential of 
said capacitor means, said flip-flop means including at 
least one second transistor and a sliding tap type poten 
tiometer connected in parallel with said capacitor means, 
the sliding tap of said potentiometer being connected with 
the control electrode of said second transistor so that a 
portion of said charge potential of said capacitor means 
is applied to said second transistor depending upon the 
setting of said sliding tap along said potentiometer; con 
trol means operatively connected with said sliding tap of 
said potentiometer and with the air supply control means 
in the engine, for causing said portion of said charge 
potential to increase in proportion with an increase of 
air supply effected by operation of said air supply con 
trol means, so as to correlate said portion of said charge 
potential with the varying operating conditions of said 
engine; and electrically controllable fuel injection means: 
in circuit with said source of electrical energy and with: 
said flip-flop means in such a manner that said fuel injec 
tion means is held in open position as long as said flip 
flop means is in its unstable condition, whereby the 
amount of fuel injected through said fuel injection means 
during each operational cycle is automatically regulated 
in a predetermined proportion to the rotational speed of 
said internal combustion engine. - 

7. A speed-responsive fuel injection system for an in 
ternal combustion engine operated by an external ignition 
control device, comprising, in combination, a source of 
electrical energy; first timing means connected with said 
ignition control device for producing a sequence of pulses 
in synchronism with the operational frequency of said 
ignition control device and having a predetermined pulse 
duration independent of variations of said operational 
frequency of said ignition control device; second timing 
means connected to said first timing means and compris 
ing first transistor means and capacitor means in circuit 
with each other for converting said sequence of pulses 
into a charge potential of said capacitor increasing with 
an increase of said operational frequency of said ignition 
control device; monostable flip-flop means operatively 
connected with said ignition control device for being se 
quentially changed into its unstable condition in syn 
chronism with said operational frequency of said igni 
tion control device, and connected with said second tim 
ing means for being returned to its stable condition after 
a time interval depending upon said charge potential of 
said capacitor means, said flip-flop means including at 
least one second transistor and a sliding tap type potenti 
ometer connected in parallel with said capacitor means, 
the sliding tap of said potentiometer being connected 
with the control electrode of said second transistor so. 
that a portion of said charge potential of said capacitor 
means is applied to said second transistor depending upon: 
the setting of said sliding tap along said potentiometer; 
control means operatively connected with said sliding tap 
of said potentiometer and with the air supply control 
means of the engine, for causing said portion of said. 
charge potential to increase in proportion with an in 
crease of air supply effected by operation of said air 
Supply control means, so as to correlate said portion of 
said charge potential with the varying operating condi 
tions of said engine; and electrically controllable fuel in 
jection means in circuit with said source of electrical 
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energy and with said flip-flop means in such a manner 
that said fuel injection means is held in open position as 
long as said flip-flop means is in its unstable condition; 
transistor amplifier means being connected in said circuit 
between the output of said flip-flop means and said elec 
trically controllable fuel injection means, for amplifying 
the current supplied by said source of energy through 
said flip-flop means, whereby the amount of fuel injected 
through said fuel injection means during each opera 
tional cycle is automatically regulated in a predetermined 
proportion to the rotational speed of said internal com 
bustion engine. 

8. A speed-responsive fuel injection system for an in 
ternal combustion engine operated by an external igni 
tion control device, comprising, in combination, a source 
of electrical energy; first timing means connected with 
said ignition control device for producing a sequence of 
alternating positive and negative pulses in synchronism 
with the operational frequency of said ignition control 
device and having a predetermined pulse duration inde 
pendent of variations of said operational frequency of 
said ignition control device; second timing means con 
nected to Said first timing means and comprising transis 
tor means and capacitor means in circuit with each other 
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for converting said sequence of pulses into a charge po 
tential of said capacitor increasing with an increase of 
said operational frequency of said ignition control device, 
rectifier means being connected in parallel with said trans, 
sistor and capacitor means, for short-circuiting every 
other one of said alternating pulses; monostable flip-flop. 
means operatively connected with said ignition control 
device for being sequentially changed into its unstable 
condition in Synchronism with said operational frequency 
of Said ignition control device, and connected with said 
Second timing means for being returned to its stable con 
dition after a time interva depending upon said charge 
potential of said capacitor means; and electrically cont 
trollable fuel injection means in circuit with said source 
of electrical energy and with said flip-flop means in such 
a manner that said fuel injection means is held in open 
position as long as said flip-flop means is in its unstable. 
condition, whereby the amount of fuel injected through 
said fuel injection means during each operational cycle 
is automatically regulated in a predetermined proportion 
to the rotational speed of said internal combustion engine. 
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