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[57] ABSTRACT 

A control arrangement in internal combustion engines 
for controlling a group of electromagnetically actu 
ated injection valves simultaneously. A monostable 
multivibrator provides pulses synchronously with the 
rotational speed of the engine for the purpose of 
determining the opening duration of the injection 
valves as a function of at least one operating parame 
ter, particularly the intake manifold pressure. A first 
electronic circuit operable only when the throttle 
valve is closed, inhibits the pulses when the engine is 
above an upper limit, and switches the pulses back on 
when the engine speed is below a lower limit which is 
above the idling speed. A second electronic circuit 
which is operable at all positions of the throttle, serves 
to switch off the pulses when the engine speed is 
above a maximum value, and then switches the pulses 
back on when the speed drops below this maximum 
value. 

15 Claims, 2 Drawing Figures 
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CONTROL CIRCUIT FOR CONTROLLING A FUEL 
INJECTTNG SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to a control arrange 
ment for controlling at least one group of simulta 
neously actuated electromagnetic injection valves in an 
internal combustion engine. The control arrangement 
has at least one switching transistor for actuating the 
injection valves, and is provided with a monostable 
multivibrator which is, in turn, actuated synchronously 
with the rotational speed of the crank shaft. The mono 
stable multivibrator provides pulses for determining the 
opening duration of the injection valves as a function 
of at least one operating parameter as, for example, the 
intake manifold pressure or vacuum of the engine. 
Heretofore in the art, control arrangement of these 

species possessed two de?ciencies which become no 
ticeable under particular operating conditions of the 
engine. First of all, when the engine is used for braking 
purposes, fuel is further injected so that the braking ef 
fect is diminished, and unnecessary quantities of injuri 
ous gases are emitted. Secondly, it is easily possible that 
when the gas pedal or accelerator is fully depressed, the 
maximum engine speed becomes exceeded when driv 
ing downhill, since a considerable amount of fuel is in 
jected under this condition. 
To eliminate the ?rst de?ciency, heretofore, a bista 

ble multivibrator was provided with two RC networks 
which close or cut off the fuel injection above an upper 
limit of the engine speed. First when the engine speed 
drops back to a value below a lower speed limit, can 
fuel again be injected. For eliminating the second de? 
ciency, it is known in the art, to interrupt the ignition 
with the aid of a centrifugal governor when the maxi 
mum speed of the engine is exceeded. The combination 
of these two known arrangements, however, involves 
considerable design complexity and equipment. 
Accordingly, it is an object of the present invention 

to provide a simple auxiliary arrangement which elimi 
nates both of the de?ciencies described above. A par 
ticularly satisfactory solution results when, in accor 
dance with the present invention, a ?rst electronic cir 
cuit is provided which is operable only when the throt 
_tle valve is closed. This ?rst electronic circuit-serves to 
switch off or inhibit the transmission of pulses for the 
fuel injection valves when the engine speed is above an 
upper speed limit. The pulses are again switched on or 
allowed to be transmitted when the engine speed drops 
below a lower limit which is, however, above the idling 
speed. A second electronic‘ circuit which operates at all 
throttle positions, serves to switch off or inhibit the 
transmission of the pulses when the engine speed is 
above a maximum value. This circuit then allows the 
pulses to be switched back on when the engine speed 
drops below this maximum speed limit. 

This control arrangement, in accordance with the 
present invention, can be designed through different 
embodiments. The-control arrangement has two elec 
tronic circuits which serve to close the injection valves. 
One of the electronic circuits is operable when the en 
gine is used for braking purposes, and the second elec 
tronic circuit is operable when'the maximum engine 
speed is exceeded. It is possible to also apply the pres 
ent invention in control arrangements which are more 
complex than the arrangements discussed above. 
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From the viewpoint of safety, it is particularly advan 

tageous when the ?rst electronic circuit possesses a 
switching hysteresis, while the second electronic circuit 
does not possess such switching hysteresis. As a result 
of such hysteresis relationship, engine braking is made 
possible when the accelerator is in its un-depressed po 
sition. When the maximum permissible engine speed is 
exceeded, on the other hand, a speed limiting is applied 
without braking effects. The second electronic circuit 
must not possess any switching hysteresis under any 
conditions, since such hysteresis effects could prove 
dangerous under conditions of passing on a highway. 

SUMMARY OF THE INVENTION 

An arrangement used in internal combustion engines 
for controlling a group of electromagnetic fuel injec 
tion valves which are simultaneously actuated. The 
valves are actuated through the use of at least one 
switching transistor. A monostable multivibrator is 
driven synchronously with the crank shaft rotation 
through a cam and switch arrangement. The multivi 
brator provides pulses which determine the opening 
duration of the injection valves as a function of at least 
one operating parameter, preferably the intake mani 
fold vacuum pressure. A ?rst electronic circuit is pro 
vided which is operable only when the throttle of the 
engine is closed. This ?rst circuit serves to switch off or 
inhibit transmission of the pulses from the multivibra 
tor when the engine speed is above an upper limit. 
When the engine speed drops below a lower limit which 
is above the idling speed, the pulses are switched back 
on. A second electronic circuit which is operable or ef 
fective for all throttle positions, switches the pulses off 
when the maximum permissible engine speed is ex 
ceeded. When the speed drops again below this maxi 
mum limit, the pulses are again switched on. 
The novel features which are considered as charac 

teristic 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, 
together with additional objects and advantages 
thereof, will be best understood from the following de 
scription of specific embodiments when read in con 
nection with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an electronic circuit diagram and shows the 
arrangement of the components and their interconnec 
tions for carrying out one embodiment of the present 
invention; and 
FIG. 2 is an electronic circuit diagram and shows the 

components and their interconnections for carrying out 
‘ a second embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The ?rst embodiment, shown in FIG. 1, serves to 
control the intake manifold fuel injection system of a 
four cylinder internal combustion engine 80. The four 
electromagnetic fuel injection spray valves 90 are oper 
ated simultaneously by the switching transistor 11. The 
solenoids 13 for the valves 90 are shown as four sepa 
rate coils, which are connected in common to the posi 
tive rail 66 and by respective resistors 12 to the collec 
tor of the switching transistor 11. 
A pulse generator provides the control pulses for the 

switching transistor 1 1, these pulses being strengthened 



3 
by an ampli?er T5. In the first embodiment, the pulse 
generator consists of a switch 17 and of a monostable 
multivibrator 16. The switch 17 is operated in synchro 
nism with the rotation of the engine by a cam 88, which 
is turned by the crank shaft 32, as shown by the broken 
line 89. The monostable multivibrator 16 includes two 
transistors 18 and 19, which have the respective load 
resistors 22 and 23. These two transistors are mutually 
coupled together by a resistor 21 and by a transformer 
24 so as to obtain the desired monostable operation. 
When the switch 17 is open, the monostable multivi 
brator 16 is in the stable state, the transistor 18 being 
conductive and the transistor ll9 being cut off. When 
the multivibrator 116 is in the stable state, a ?rst con 
necting terminal 67, which is connected to the collec 
tor of the transistor 19, is at the voltage of the positive 
rail 66. 
When the switch 17 is momentarily closed, the 

monostable multivibrator 16 is triggered to the unsta 
ble state. The length of time of the unstable state de 
pends on the amount of mutual inductance between the 
two windings of the transformer 24. The mutual induc 
tance can be varied by shifting the movable iron core 
25 of the transformer. The iron core 25 is shifted in de 
pendence on the intake manifold pressure by a pressure 
box 83 that is coupled to the iron core by a rod that is 
symbolized by the broken line 91. In this way it is possi 
ble to vary the length of the fuel injection pulses in de 
pendence on the intake manifold pressure, so that with 
an open throttle valve 85 more fuel is injected. 

In the control arrangements of the prior art, the out 
put pulses of the multivibrator 16 are strengthened in 
the ampli?er l5 and then conducted directly to the 
switching transistor 11. There will now be described 
what constitutes the core of the invention: namely, two 
bistable triggered circuits 45 and 46 and two passive 
networks 30 and 3th’. The purpose of these passive net 
works is to determine certain limiting engine speeds, 
the purpose of the triggered circuits being to prevent 
the pulses from the multivibrator 116 from being con 
ducted to the switching transistor 11 when these limit 
ing speeds are exceeded. Since both of the triggered 
circuits 45 and 46 have the same purpose, it is possible 
to omit one transistor and to use the transistor 48 in 
both of the circuits 415 and 416. 
The ?rst bistable triggered circuit 45 includes a ?rst 

transistor 47 and a second transistor 48 respectively 
having the load resistors 49 and 55. The resistor 55 
connects the base of the transistor 48 to the collector 
of the transistor 47, and the resistor 51 connects the 
base of this transistor to the collector of the transistor 
48. The resistors 56, 57, and 58, constitute a base volt 
age divider for the transistor 43, the base of this transis 
tor and the resistor 52 being connected to the junction 
between the resistors 56 and 57. An RC network, com 
posed of the resistor 59 and the capacitor 60, is con 
nected in parallel with the resistor 57. A pulse conduc 
tor 73 connects the junction between the resistors 57 
and 58 to the collector of resistor 19 of the monostable 
multivibrator 16. This collector is the output of the 
multivibrator. - 

The base of the first transistor 47 is connected to the 
positive voltage supply line 66 by way of the series cir 
cuit containing the diode 411i and two resistors 4ll and 
42. The junction between the resistors 41 and 42 can 
be connected to the negative voltage supply line 65 
through a switch 39. This switch 39 is actuated through 
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the gas pedal 84, or accelerator 84, as indicated 
through the broken line 86. The switch 39 is closed 
when the gas pedal or accelerator is in its un-actuated 
or un-depressed position. The base of the ?rst transis 
tor 47 is, aside from this, connected to a third terminal 
68 through a diode 37. This terminal 68 serves as a con 
necting terminal for the ?rst passive network 30. 
This ?rst passive network 30 has three terminals 67, 

68 and 69. The ?rst terminal 67 is connected to the col 
lector of the transistor 19. The second terminal is, as 
already described, connected to the base of the first 
transistor 47, through the diode 37. The third terminal 
69, on the other hand, is connected to the negative 
voltage supply line 65. 

In the ?rst passive network 30, the ?rst terminal 67 
leads to the second terminal 68, through the series cir 
cuit containing the ?rst charging resistor 29 and a ?rst 
capacitor 36. The junction 71 between the ?rst charg 
ing resistor 29 and the ?rst capacitor 36 is connected 
to the third terminal 69, through the series circuit con 
taining a diode 34, a second capacitor .32, and a second 
charging resistor 31. The junction 72 between the 
diode 34 and the second capacitor 32 leads to the junc 
tion 71 through a third charging resistor 33. This junc 
tion 72 also leads to the second terminal 68 through a 
fourth charging resistor 35. 
The collector of the first transistor 47 also leads to 

the junction between the second charging resistor 31 
and the second capacitor 32, through a resistor 53. 
The components of the second passive network 30' 

differ from those of the ?rst passive network 30, only 
in their component values. Otherwise, the arrangement 
is the same. However, no corresponding resistor is pro 
vided for the element 53. This resistor must be omitted 
in the second passive network, since it gives rise to 
switching hysteresis. 
The second bistable circuit stage 46 is a simpli?ed 

version of the ?rst bistable switching stage 45, since the 
switch 39 actuated by the gas pedal or accelerator, is 
omitted. The third transistor 47 ’ has a resistor 49’ 
which is connected between the collector of this tran 
sistor 47’ and the positive voltage supply line 66. The 
two diodes S0 and 50' decouple the transistor 47 from 
the transistor 47’. The collector of the second transis 
tor 48 is coupled to the base of the third transistor 47', 
through a resistor 51’. 

In the stable inoperative state of the circuit, the tran 
sistor 18 within the control multivibrator 16, conducts, 
whereas the transistor 19 is non-conducting. The col-I 
lector of the transistor 19 is, thereby, at positive poten 
tial. Through the line 73 and the base voltage divider 
56,57,58, the base potential of the second transistor 48 
is driven in the positive direction to the extent that this 
transistor 48 becomes conducting. The ampli?er stage 
15 is arranged so that the output pulses of the second 
transistor 48 are only ampli?ed and not inverted. As a 
result, the switching transistor 11 is non-conducting in 
its inoperative or initial state, and the injection valves 
remain closed. ' 

If, now, the monostable multivibrator 16 is switched 
to its unstable state by closing the switch 17, then the 
collector potential of the transistor 19 is driven into the 
negative region. The processes in the ?rst passive net~ 
work 30 and in the first transistor 47 are for the time 
being disregarded. The negative step voltage at the col 
lector of the transistor 19, is applied to the base of the 
second transistor 48 through the connecting line 73, 
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the resistor 57, and the RC network 59,60. As a result, 
the second transistor 438 becomes non-conducting. The 
collector potential of the second transistor Alb becomes 
driven thereby in positive direction, and the switching 
transistor 11 becomes thereby conducting so that the 
injection valves l3 become opened. The monostable 
multivibrator 16 is switched back to its stable state, 
these steps or processes are carried out in reverse, and 
the injection valves become again closed. After the 
functional operation that was described above, the sec 
ond transistor 48 functions simply as an inverting stage. 
The second transistor 48 must, thereby, become non 
conducting when the injection valves are to be opened. 
When the two diodes 37 and 37’, which form the 

coupling between the passive networks 30 and 3d’, and 
the bistable stages 45, 46 become isolated, the base 
electrode of the transistors d7 and 47 ’ are affected only 
through the resistors 51 and 51'. in this case, the tran 
sistor 47' switches in the reverse direction from the 
transistor 48 with which it forms a bistable stage as. 
Thus, the transistor 47' is turned off when the second 
transistor 48 becomes conducting or is turned on. 
When the switch 39 becomes closed, the same situation 
applies for the transistor 47 which also forms. a bistable 
stage 45, together with the second transistor 48. When 
the diodes 37 and 37' are in the circuit, they in?uence 
or affect the switching of the bistable stage 45 and 46 
only when the passive networks 361) and 3%’ have nega 
tive output pulses. 
The control arrangement has the purpose or object 

of preventing the opening of the injection valves '70 
under two operating conditions of the engine. This task 
is achieved through the passive networks 3i) and 3b’ 
which provide negative output pulses so that the 
switching of the bistable stages 45 and as is prevented 
or inhibited. These two operating conditions of the en 
gine are as follows: 

1. Under general conditions when the maximum rota 
tional speed of the engine of, for example, 6,000 revo 
lutions per minute, is exceeded. 

2. When the upper limit of the engine speed is ex 
ceeded as, for example, 1,800 revolutions per minute 
while driving with the accelerator or gas pedal in the 
un-depressed position. Since in this case, the engine is 
to be used for braking purposes, the opening of the in 
jection valves must also be prevented even after the 
drop in engine speed. in this case, the stopping or 
blocking arrangement must possess hysteresis charac 
teristics from a safety point of view. First when the 
speed has dropped below, for example, 1,000 revolu 
tions per minute, thus the injection valves be allowed 
to open again, in order to prevent the engine from be 
coming stalled. The switching hysteresis described 
above, makes thereby possible the engine braking. it is 
to be noted, at the same time, that the lower limit speed 
lies above the idling speed of, for example, 800 revolu 
tions per minute. 
The functional mode under engine operation under 

which the maximum speed is exceeded, as described in 
(l ) will now be described. in order to prevent the open 
ing of the injection valves, the base electrode or the 
base terminal of the third transistor 47' must receive a 
negative pulse, so that the second transistor d8 is pre 
vented from being turned off. When the monostable 
multivibrator i6 is in its stable state, the collector of 
the transistor 19 is at positive potential. At that time, 
the second capacitor 32’ becomes charged through the 
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resistors 29', 33’, and 311'. Both terminals of the first 
capacitor 36' are connected with the positive terminal 
‘72' of the second capacitor 32’, through resistors 33' 
or 35'. As a result, these two terminals of the ?rst ca 
pacitor as’ receive the same potential variation as the 
terminal 72'. The capacitance of the condenser or ca 
pacitor 36' is substantially smaller than that of the sec 
ond capacitor 32’. 
At the instant of time 11, a pulse is transmitted 

through the closing of the switch E7. The collector po 
tential of the transistor 3Q switches by the amount of 
—UC in the negative direction. The second capacitor 32’ 
becomes charged through the positive voltage Uk until 
time £1. The two terminals 71' and 68' of the first ca 
pacitor 36’ are also subjected substantially to this po 
tential. The junction ‘73' does not receive the full step 
voltage of Uc. instead, it receives only a step of Uc — UK 
in the negative direction. ‘When this potential drops fur 
ther below this value, the diode 34$’ conducts, and the 
second capacitor 32’ becomes discharged through the 
resistors 3i’ and 29’. For accurate computation, Uk 
must be multiplied by the factor 

in order to take into account the voltage divider com 
posed of resistors 29’ and Bi’. Since, however, the sec 
ond resistor 31' can be omitted without causing the cir 
cuit to become inoperative, this factor can be neglected 
from qualitative considerations. 
The voltage step Uc - U K becomes transmitted to the 

second terminal on’, from the first capacitor 36'. This 
terminal as’ has substantially the potential +Uk, di 
rectly before the instant of time :1. Immediately after 
the time instant :1, this terminal 6%’ has the potential U1, 
-— (U, — U,,) = 2 U,c — Uc. This potential 2 Uk— Uc must 
become negative in order to turn off the transistor d7" 
through the diode 37' and the resistor 54. This poten 
tial, however, becomes negative when U,, becomes 
smaller than in UC. This situation prevails, conse 
quently, at higher pulse frequency when only a substan 
tially small time interval is available for charging the 
second capacitor 32'. 
The second passive network 30’ applies to its second 

terminal (98', negative output pulses when the maxi 
mum speed of the engine is exceeded. The maximum 
engine speed limit can be set through the third resistor 
33' which is constructed in the form of a trimming po 
tentiometer, for the purpose of accurate setting. The 
output pulses of the second passive network 30' have 
a steep leading edge, and decay exponentially, since the 
?rst capacitor as’ discharges through the fourth resis 
tor 35'. 

in order to establish unique switching relationships, 
it is possible to apply also exponentially decaying pulses 
to the base of the second transistor ‘lb. The RC net 
work consisting resistor 59 and capacitor 6% serves for 
this purpose. The time constant of this RC network has 
a substantially short magnitude of approximately 10 
microseconds. in contrast to this, the output pulses of 
the second passive network 30' decay with a longer 
time constant of at least lOO microseconds. The func 
tional operation of securing against excessive speed is 
briefly summarized below: 
Below the maximum engine speed, the second tran 

sistor 48 has applied to it pulses of alternating polarity, 
through the line ‘73 and the RC network 59,6ll. The 
second bistable stage as switches thereby to its other 
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stable state. As long as the second transistor 48 can re 
main turned off, fuel is injected. As soon as the maxi 
mum engine speed becomes exceeded, the short nega 
tive pulse of approximately 10 microseconds is applied 
to the base of the second transistor 48, through the line 
73. At the same time, however, a positive pulse with 
longer duration is obtained from the third transistor 
47 '. Since the pulse height of the short negative pulse 
is larger than that of the positive pulse, the second tran 
sistor 48 still remains turned off for 10 microseconds. 
However, the injection valves are not capable of open 
ing within 10 microseconds because of their substan 
tially large inertia. The longer positive pulse then 
causes the second transistor 48 to be conducting after 
the approximately 10 microseconds, and prevents the 
opening, thereby, of the injection valve 90. 
The first bistable stage 45 functions in a similar man 

ner in maintaining the valves closed during operation. 
The base of the first transistor 47 is joined with the pos 
itive voltage supply line, through the resistors 41 and 
42. As a result, the ?rst transistor is continuously main 
tained conducting, since the pulses applied through the 
high-resistance resistor 51 are not suf?cient to turn this 
transistor off. The ?rst transistor 47 can ?rst be turned 
off when, at the same time, the switch 39 is closed (in 
the unactuated position of the gas pedal) and the ?rst 
passive ‘network 30 provides negative output pulses. 
When the ?rst transistor 47 does become turned off, 
the terminal of the second capacitor 32, which is con 
nected to the second resistor 31, receives potential de 
termined from the voltage divider consisting of resis 
tors 49,53 and 31. The voltage U,, at the capacitor 32 
becomes, thereby, smaller. In accordance with what 
was said above in relation to the second passive net 
work 30’, the upper frequency limit of the ?rst passive 
network 30 becomes, thereby, smaller, as soon as the 
?rst passive network 30 provided a negative output sig 
nal. The resistor 53 provides the required hysteresis as 
follows: 
The fuel injection is prevented or inhibited when the 

gas pedal is un-depressed or un-actuated, and the en 
gine speed is above an upper speed limit. This speed 
limit can, for example, be 1,500 revolutions per min 
ute. When the engine speed decreases thereupon, no 
further fuel is injected as a result of the hysteresis. Only 
‘when the lower speed limit is ?rst reached, is fuel injec 
tion again initiated, in order to avoid stalling of the en 
me. 

g The two diodes 50 and 50’ decouple the ?rst transis 
tor 47 from the third transistor 47'. 
the second transistor 48 can be accomplished through 
the first transistor 47 as well as through the third tran 
sistor 47’. . 

The number and complexity of components which 
one would expect in a control arrangement which is so 
versatile, was considerably reduced in the aforemen 
tioned first example. Thus, the second transistor 48 was 
utilized three times, and the ?rst transistor 47 was uti 
lized twice. The second transistor 48 serves ?rst as an 
inverter (when no passive network is applicable), and 
then this transistor serves as part of the ?rst bistable 
stage 45. Thirdly, this transistor 48 serves as part of the 
second bistable stage 46. The transistor 47 serves in the 
?rst place as part of the first bistable stage 45, and then 
in the second place the transistor 47 serves to form an 
AND gate together with the diodes 37 and 40, the resis 
tors 41 and 42, and the switch 39. 
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FIG. 2 illustrates the switching circuit for a second 

embodiment of the control arrangement. This embodi 
ment shows that the application of the invention is not 
limited to particularly simple injection arrangements. 
The four injection valves 90 are subdivided into two 
groups of two injection valves each. Each one of these 
groups has its own control channel. The power transis 
tor 11 forms together with the transistor 219, the ?rst 
control channel. This transistor 219 in front of the 
power transistor 11 serves in the form of an AND gate. 
The power transistor 11’ forms the second control 
channel together with the transistor 220 which also 
serves as an AND gate. Each of the two control chan 
nels can be selected through one common bistable mul 
tivibrator 200, in an alternating manner for a subse 
quent injection process with two of the four injection 
valves. The multivibrator 200 is bordered with a dashed 
line in the drawing. This multivibrator has two transis 
tors 201 and 202 of npn type. The emitters of these two 
transistors are directly connected to the negative sup 
ply line 65, whereas their collectors lead to the positive 
voltage supply line 66 through resistors 203 and 204, 
respectively. From the collector or from the resistor 
204 of the transistor 202, stems a feedback network 
consisting of the series circuit of resistors 205, resistor 
206 and a diode 

base of the transistor 201. The base of the transistor 
201 leads to the negative voltage supply line 65 through 
a resistor 208. The collector of the transistor 201 is 
connected, in an analogous manner, to the base of the 
transistor 202, through the two resistors 211 and 212, 
as well as the diode 213. The base of the transistor 202 
leads to the negative voltage supply line 65 through the 
resistor 214. The selection of the control channel is 
performed through the two switches 209 and 215 
which are present in the distributor, not shown, of the 
high voltage ignition arrangement of the internal com 
bustion engine. The ?xed contacts of these switches are 
connected to the negative voltage supply line 65. The 
switching arm of the switch 209 is joined to the junc 
tion of the two feedback resistors 205 and 206. The 
switching arm or movable contact of the switch 215, on 
the other hand, is connected to the junction of the re 
sistors 211 and 212, which are connected in series and 
lead to the base of the transistor 202. . 
The bistable multivibrator 200 does not have only the 

task of selecting one of the control channels. This mul 
tivibrator 200 also delivers control pulses for the mono 
stable multivibrator 16. These pulses are provided by 
the switch 17 in the ?rst embodiment. Two differenti 
ating networks are provided for this purpose. These dif 
ferentiating networks are composed of the series cir~ 
cuits of a capacitor 229 or 230 and a resistor 231 or 
232, respectively. The free terminal of the capacitor 
229 is connected to the collector of the transistor 202, 
and the free terminal of the capacitor 230 is connected 
to the collector of the transistor 201. The free terminals 
of the two resistors 231 or 232 are connected to the 
negative voltage supply line 65. From the terminal of 
this capacitor with the resistor, a respective diode 233 
and 234 lead to the base of the transistor 18 which 
forms a part of the monostable multivibrator 16. The 
monostable multivibrator 16 is thereby actuated when 
either the switch 209 or the switch 215 are closed. For 
this reason the monostable multivibrator 16 can deter 
mine the pulse duration of both control channels for 
the fuel injection arrangement. 

207. This feedback circuit leads to the . 
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The output pulses provided by the collector of the 
transistor 19 are processed further in a circuit which is 
similar to the one used in the ?rst embodiment. Under 
normal operation, the second transistor 48 functions 
again as an inverting stage. The transistor 48 controls 
the switching transistor 226 which has its collector 
joined to the bases of the two transistors 219 and 220 
through resistors 222 and 223, respectively. These two 
transistors 219 and 220 function as AND gates. The op 
erational mode of the AND gate is explained in the ex 
ample related to the first control channel: 
the switching transistor 11 can conduct only when the 
transistor 219 is turned off. Two conditions must be ful 
?lled therewith. First of all, the transistor 201 within 
the bistable multivibrator 200 must conduct, and se 
condly, the switching transistor 226 must conduct. The 
transistor 226, however, conducts only when the sec 
ond transistor 48 is turned off. i 
The two cams 210 and 216 actuate the switches 209 

and 215 in a synchronous manner, and they are ad 
justed so that one switch is closed when the other is 
opened. When, now, the switch 215 closes, for exam 
ple, the transistor 202 is turned off and the transistor 
201 becomes conducting. The monostable multivibra 
tor 16 becomes actuated over the differentiating net 
works, and as a result the second transistor 48 becomes 
also turned off. The two inputs to the AND gate in the 
form of transistor 219, aquire thereby negative poten 
tial, and this transistor 219 becomes turned off. The 
switching transistor 11 conducts thereby and actuates 
both injection valves of the ?rst group. 

In the second embodiment, means are further pro 
vided in order to make the switch-off speed and the 
switch-on speed dependent upon the engine tempera 
ture variations in operation. For this purpose , a voltage 
divider is provided with resistor 133 and the resistor 
132, as well as the thermistor 131. In the ?rst embodi' 
ment, the charging voltage of the ?rst capacitor 36 be 
comes determined through the resistor 35 and the mag 
nitude of the voltage across the second capacitor 32. 
The resistor 35 is omitted in the second embodiment. 
The charging voltage of the ?rst capacitor 36 becomes 
determined through the voltage divider 132, 131. The 
thermistor 131 is in thermal contact with the engine 
block, and has a high resistance at low temperatures. 
As a result, the ?rst capacitor 36 becomes charged to 
a higher voltage at lower temperatures, so that the fre 
quency limit of the ?rst passive network 30 shifts to 
higher values. It is achieved therewith that the switch 
on speed becomes set to the required higher idling 
speed when the engine is cold. This is required in order 
that the engine can freely operate or turn over even at 
low temperatures. 
The second embodiment illustrates still a further es 

sential improvement over that from the ?rst embodi 
ment: 
The ?rst terminal 67' of the second passive network 
30’ is not connected with the output of the multivibra 
tor 16, but is instead connected with the collector of 
the transistor 202 in the bistable multivibrator 200. 
This switching arrangement is advantageous because 
the phase relationship of the output pulses of the mono 
stable multivibrator 16, i.e., the relationship of pulse 
duration to period, is dependent upon the manifold in 
take pressure of the engine. Since the charging voltage 
of the second capacitor 32' is determined from the lev 
els of the pulse dwell intervals, the frequency limit of 
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1@ 
the second passive network 30' depends on the intake 
manifold pressure, in the ?rst embodiment. In the case 
of the ?rst passive network 30,, this is of no conse 
quence, since the throttle is closed during operation. In 
contrast to this, the maximum speed varies as a func 
tion of the intake manifold pressure up to approxi 
mately 15 per cent, in the ?rst embodiment in which 
the second passive network 30' interconnects the fuel 
injection. 

In the second embodiment, pulses are applied to the 
second passive network 30', which have a duration to 
period ratio that is not dependent upon the intake man 
ifold pressure. These pulses appear only when a single 
control channel is actuated, so that when the maximum 
engine speed is exceeded, only the valves of a single 
valve group becomes closed. In spite of this, effective 
safety against excessive speeds is obtained in smaller 
engines of lower power, since the power of the engine 
drops to less than half, when half of the fuel injection 
valves are closed. If the arrangement in accordance 
with the present invention is to be installed in engines 
with large power output, then all injection valves must 
be made closeable when the maximum engine speed is 
exceeded. The ?rst embodiment is basically applicable 
to this purpose. It is necessary to insert the resistor 33' 
in the second passive network 30', so that the fre 
quency limit of the second passive network does not lie 
above the maximum permissible speed of the engine for 
any intake manifold pressure that may be encountered 
in operation. It is essential to recognize, however, that 
safety against excessive speeds becomes effective de~ 
pendent upon the intake manifold pressure at different 
maximum speeds. 
When it is not possible to take into account the de 

pendency of maximum engine speed on intake mani 
fold pressure, the control arrangement can be modi?ed 
without the use of large equipment or complex design. 
It is only necessary to provide a pulse emitter or gener 
ator which applies a pulse to the second passive net 
work 30' when each control channel is actuated. The 
pulse duration to period ratio of the pulses is thereby 
not dependent on the intake manifold pressure or man 
ifold vacuum. In this case, it is possible to apply the out 
put pulses of the monostable multivibrator 16 to a fur 
ther monostable multivibrator. This further monostable 
multivibrator then provide pulses which no longer have 
a duration to period ratio which is dependent upon the 
intake manifold pressure. These pulses can then be 
used for controlling or applying to the second passive 
network. 
From the preceding explanations, it is evident that 

the basic concept of the present invention is to provide 
an arrangement that safely secures against excessive 
speeds during operation of an engine, through the use 
of two electronic circuits which are used to control the 
injection valves. The present invention is applicable to 
different circuitry. It is also possible, in accordance 
with the present invention, to design the circuits so that 
they can take into account still further parameters as, 
for example, the engine temperature. It is possible, for 
example, to modify the second passive network 30' by 
inserting a temperature dependent resistor, so that the 
maximum engine speed is also limited to lower values 
at lower temperatures. This is of advantage because 
when the engine is cold, the lubrication presents dif? 
culties and problems. 
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It will be understood that each of the elements de 
scribed above, or two or more together, may also find 
a useful application in other types of constructions dif 
fering from the types described above. 
While the invention has been illustrated and de 

scribed as embodied in a control circuit for controlling 
a fuel injecting system, it is not intended to be limited 
to the details shown, since various modi?cations, struc 
tural and circuit changes may be made without depart 
ing in any way from the spirit of the present invention. 
Without further analysis, the foregoing will so fully 

reveal the gist of the present invention that others can 
by applying current knowledge readily adapt it for vari 
ous applications without omitting features that, from 
the standpoint of prior art, fairly constitute essential 
characteristics of the generic or speci?c aspects of this 
invention and, therefore, such adaptations should and 
are intended to be comprehended within the meaning 
and range of equivalence of the following claims. 
What is claimed as new and desired to be protected 

by Letters Patent is set forth in the appended claims. 
I claim: 
1. Control circuit for controlling the operation of at 

least one group of simultaneously opened and closed 
electromagnetic fuel injection spray valves of a fuel in 
jection system of an internal combustion engine, com 
prising, in combination, a monostable multivibrator for 
producing, in dependence on at least one engine oper 
ating parameter, control pulses in time with the rota 
tion of the engine crankshaft for determining the length 
of the open times of the fuel injection spray valves; 
switching means for controlling the opening and clos 
ing of the fuel injection spray valves, said switching 
means being connected to receive said control pulses 
as input for controlling said switching means; ?rst cir 
cuit means connected to said monostable multivibrator 
and to said switching means for preventing, only when 
the throttle valve is closed, said control pulses from 
controlling said switching means when the engine rpm 
exceeds an upper limit that is above the idling rpm so 
as to prevent the injection of fuel by at least one group 
of valves and for allowing, only when the throttle valve 
is closed, said control pulses to control said switching 
means at an engine rpm that is below said upper limit 
but above the idling rpm so as again to permit the injec 
tion of fuel by said at least one group of valves; and sec 
ond circuit means, connected to said switching means, 
for preventing, at all positions of the throttle valve, said 
control pulses from controlling the switching means 
when the engine rpm exceeds the maximum engine rpm 
so as to prevent the injection of fuel by at least one 
group of valves, and for allowing, at all positions of the 
throttle valve, said control pulses to control the switch 
ing means at any engine speed below said maximum en 
gine rpm so as again to permit the injection of fuel by 
said at least one group of valves, each ofsaid ?rst and 
second circuit means including a respective bistable 
triggered circuit, each said bistable triggered circuit 
having at least one input, said ?rst and second circuit 
means further including each a respective passive net 
work, said passive network of said ?rst circuit means 
being connected between said input of said bistable 
triggered circuit of said first circuit means and the out 
put of said monostable multivibrator, said passive net 
work of said second circuit means being connected to 
the input of said bistable triggered circuit of said sec 
ond circuit means. ' 
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2. Control circuit for controlling the operation of two 
groups of simultaneously opened and closed electro 
magnetic fuel injection spray valves of a fuel injection 
system of an internal combustion engine of which the 
valves of each group are simultaneously opened and 
closed, comprising, in combination, a monostable mul 
tivibrator for producing, in dependence on at least one 
engine operating parameter, control pulses in time with 
the rotation of the engine crankshaft for determining 
the length of the open times of the fuel injection spray 
valves; switching means for controlling the opening and 
closing of the fuel injection spray valves, said switching 
means being connected to receive said control pulses 
as input for controlling said switching means; ?rst cir 
cuit means connected to said monostable multivibrator 
and to said switching means for preventing, only when 
the throttle valve is closed, said control pulses from 
controlling said switching means when the engine rpm 
exceeds an upper limit that is above the idling rpm so 
as to prevent the injection of fuel by at least one group 
of valves and for allowing, only when the throttle valve 
is closed, said control pulses to control said switching 
means at an engine rpm that is below said upper limit 
but above the idling rpm so as again to permit the injec 
tion of fuel by said at least one group of valves; second 
circuit means, connected to said switching means, for 
preventing, at all positions of the throttle valve, said 
control pulses from controlling the switching means 
when the engine rpm exceeds the maximum engine rpm 
so as to prevent the injection of fuel by at least one 
group of valves, and for allowing, at all positions of the 
throttle valve, said control pulses to control the switch 
ing means at any engine speed below said maximum en 
gine rpm so as again to permit the injection of fuel by 
said atleast one group of valves, a bistable multivibra 
tor having two inputs and two outputs, respective 
switch means for each input of said bistable multivibra~ 
tor operated in synchronism with the engine crankshaft 
for triggering said bistable multivibrator back and forth 
between the two stable states thereof; and ?rst and sec 
ond control paths connected to respective ones of said 
two outputs of said bistable multivibrator for control 
ling the opening and closing of respective ones of the 
two groups of fuel injection spray valves, and wherein 
one of said ?rst and second control paths includes said 
switching means, and both of said outputs of said bista 
ble multivibrator are connected to the input of said 
monostable multivibrator. 

3. The control arrangement as de?ned in claim i, 
wherein said passive network of said ?rst circuit means 
has ?rst, second and third external connections, said 
?rst external connection being connected to the output 
of said monostable multivibrator, said second external 
connection being connected to said input of said bista 
ble triggered circuit of s'aid?rst circuit means, said 
third external connection being connected to one po 
larity of a source of voltage. 

4. The control arrangement as de?ned in claim 3, fur 
ther including a diode connected between said second 
external connection and said input of said bistable trig 
gered circuit of said ?rst circuit means. 

5. The control arrangement as de?ned in claim 3, 
wherein said passive network of said ?rst circuit means 
further includes a ?rst resistor and a ?rst capacitor con 
nected in series between said ?rst and second external 
connections, a diode, and a second capacitor and a sec 
ond resistor connected in series between said third ex 
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ternal connection and the junction between said first 
resistor and said first capacitor, a third resistor con 
nected between the junction between said diode and 
said second capacitor and said junction between said 
first resistor and said ?rst capacitor, and a fourth resis 
tor connected between the junction between said diode 
and said second capacitor and said second connection. 

6. The control arrangement as de?ned in claim 1, 
wherein each said passive network has the same com 
ponent, the values of which are different in dependence 
on said upper limit and said maximum engine rpm. 

7. The control arrangement as de?ned in claim 1, 
wherein said bistable triggered circuit of said first cir 
cuit means includes ?rst and second transistors, a resis 
tor connecting the output electrode of the ?rst transis 
tor to the input electrode of the second transistor, and 
a resistor connecting the output electrode of the sec 
ond transistor and the input electrode of the ?rst tran 
sistor. 

8. The control arrangement as de?ned in claim 7, 
wherein the output electrodes of said ?rst and second 
transistors are the collectors and the input electrodes 
of said ?rst and second transistors are the bases. 

9. The control arrangement as de?ned in claim 7, fur 
ther including ?rst and second source polarities, said 
bistable triggered circuit of said ?rst circuit means fur 
ther including a resistor connecting said input elec 
trode of said second transistor to the ?rst source polar 
ity, two series connected resistors connecting said input 
electrode of said second transistor to the second source 
polarity, a series connected capacitor and resistor con 
necting said input electrode of said second transistor to 
the output of said monostable multivibrator, the junc 
tion between said two series connected resistorsbeing 
connected to the output of said monostable multivibra 
tor. 

10. The control arrangement as de?ned in claim 7, 
wherein said bistable triggered circuit of said second 
circuit means includes said second transistor of said 
bistable circuit of said ?rst circuit means and a third 
transistor, said resistor connecting the output electrode 
of said first transistor to the input electrode of said sec 
ond transistor also connecting the output electrode of 
said third transistor to the input electrode of said sec 
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i4 
ond transistor, and a resistor connected between the 
input electrode of said third transistor and the output 
electrode of said second transistor. 

11. The control arrangement as de?ned in claim 10, 
including a respective diode connecting the output 
electrode of each of said ?rst and third transistor to 
said resistor connecting the output electrode of said 
?rst transistor to the input electrode of said second 
transistor, for mutually decoupling the ?rst and third 
transistor. 

12. The control arrangement as de?ned in claim 10, 
wherein the passive network of said second circuit 
means has ?rst, second and third external connections, 
said ?rst external connection being connected to the 
output of said monostable multivibrator, said second 
external connection being connected to the input elec 
trode of said third transistor, said third external con 
nection being connected to one polarity of a source of 
voltage, and further wherein said switching means is a 
switching transistor and the output electrode of said 
second transistor is connected to the control electrode 
of said switching transistor. 

13. The control arrangement as de?ned in claim 12, 
further including a series connected diode and resistor 
connecting said second external connection to the 
input electrode of said third transistor. 

14. The control arrangement as de?ned in claim 12, 
further including an ampli?er connecting the output 
electrode of said second transistor to the control elec 
trode of said switching transistor. 

15. The control arrangement as de?ned in claim 5, 
wherein said bistable triggered circuit of said ?rst cir 
cuit means includes ?rst and second transistors, a resis 
tor connecting the output electrode of the ?rst transis 
tor to the input electrode of the second transistor, a re 
sistor connecting the output electrode of the second 
transistor to the input electrode of the ?rst transistor, 
and further wherein a resistor connects the output elec 
trode of said ?rst transistor of said bistable triggered 
circuit of said ?rst circuit means to the junction be 
tween said second capacitor and said second resistor of 
said passive network of said ?rst circuit means for ob 
taining a switching hysteresis. 


