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(57) ABSTRACT 
A system for electrically controlling the fuel injection 
in a multi-cylinder internal combustion engine com 
prising a first fuel injection starting signal generator 
for generating a first starting signal defining the fuel 
injection starting timing for a specific cylinder, a sec 
ond fuel injection starting signal generator for generat 
ing second starting signals defining the fuel injection 
starting timing for the individual cylinders, a fuel in 
jection duration signal generator for generating a fuel 
injection duration signal for the specific cylinder in re 
sponse to the application of at least the first starting 
signal, a fuel injection ending signal generator coupled 
with the second starting signal generator and said du 
ration signal generator for initiating fuel injection end 
ing timing for the individual cylinders, the ending sig 
nals appearing after the occurrence of the starting sig 
nals and while the duration signals are activated, a fuel 
injection ending signal distributor for distributing said 
ending signals to the individual cylinders taking eac 
ending signal corresponding to the specific cylinder as 
a reference, and a fuel injection starting signal distrib 
utor for distributing the second starting signals to each 
of the individual cylinders taking said first starting sig 
nal as a reference. 

22 Claims, 76 Drawing Figures 
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ELECTRICAL FUEL INJECTION CONTROL 
SYSTEM FOR INTERNAL COMBUSTION ENGINES 

CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of copend 
ing U.S. Pat, application Ser. No. 97,880 filed Dec. 14, 
1970 now abandoned. 

BACKGROUND OF THE INVENTION 
l. Field of the Invention 
This invention relates to an electrical fuel injection 

control system for a multi-cylinder internal combustion 
engine for electrically controlling the injection of fuel 
into the individual cylinders of the engine. 

2. Description of the Prior Art 
In a conventional electrical fuel injection control sys 

tem for a multi-cylinder internal combustion engine, 
electromagnetic or solenoid operated valves are suc 
cessively urged to the open position to inject fuel under 
constant pressure into the cylinders through the associ 
ated nozzles, and the amount of injected fuel is deter 
mined by the length of time during which each individ 
ual solenoid operated valve is kept in its open position, 
that is, the length of time during which current is sup 
plied to the solenoid operated valve. However, in the 
range in which the multi-cylinder engine is rotating at 
high speed, it frequently occurs that the current supply 
to the solenoid operated valve associated with the next 
cylinder is started while the current is being supplied to 
the solenoid operated valve associated with the preced 
ing cylinder. It has therefore been the common practice 
to inject fuel into a few cylinders at the same time in a 
high speed rotation range of the engine or to employ a 
plurality of fuel injection duration signal generators 
generating a fuel injection duration signal for urging 
the solenoid operated valves to their open position se 
quentially. However, the injection of fuel into a few cyl 
inders at the same time is undesirable for the satisfac 
tory operation of the engine because the operating tim 
ing of the suction valves of some cylinders may not be 
in accord with their fuel injection timing. Thus, from 
the viewpoint of the acceleration characteristic, etc. of 
the engine, this method has a serious defect in that it 
is inferior to the method of sequentially distributing the 
fuel into individual cylinders with properly controlled 
timing. The system employing a plurality of fuel injec 
tion duration signal generators is also defective in that 
the signal generators must be regulated so as to deliver 
the same signal of the same duration and it is extremely 
difficult to regulate the fuel injection duration signal 
generators for the respective cylinders to suit the above 
demand over the entire driving conditions. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
electrical fuel injection control system for a multi 
cylinder internal combustion engine which includes a 
single fuel injection duration signal generator for equal 
izing the duration of fuel injection for the individual 
cylinders and injecting fuel with appropriate timing 
into the individual cylinders so that the fuel injection 
duration signal itself can be distributed to the cylinders 
in a low speed rotation range of the engine, while in a 
high speed rotation range of the engine where the pe 
riod of time of fuel injection for one cylinder may over 
lap that of another cylinder, a plurality of fuel injection 
duration signals for the respective cylinders are pro 
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2 
duced on the basis of the signal generated by the single 
fuel injection duration signal generator and are distrib 
uted to the fuel injection means associated with the re 
spective cylinders thereby to solve the problem of non 
uniformity of the duration of fuel injection for the indi 
vidual cylinders, to make it possible to inject the fuel 
into the cylinders with different timing, and to elimi 
nate undesirable pulsation of the fuel pressure and 
electrical outputs. 
Another object of the present invention is to provide 

an electrical fuel injection control system for a multi 
cylinder internal combustion engine in which, in a low 
speed rotation range of the engine where it is difficult 
to produce a plurality of fuel injection duration signals, 
on the basis of the fuel injection duration signal the fuel 
injection duration signal generator produces a fuel in 
jection timing signal to be distributed to the individual 
cylinders so that the engine can accurately operate 
even in the low speed range. 

In accordance with the present invention, there is 
provided an electrical fuel ignition control system for 
a multi-cylinder internal combustion engine for electri 
cally controlling the injection of fuel into the individual 
cylinders comprising a first fuel injection starting signal 
generator for generating a first fuel injection starting 
signal defining the fuel injection starting timing for a 
specific cylinder among the cylinders, a second fuel in 
jection starting signal generator for generating a second 
fuel injection starting signal for the individual cylin 
ders, a fuel injection duration signal generator forgia 
erating at least one for the specific sylinder of fuel in 
jection duration signals for the individual cylinders 
conforming to a required duration of fuel injection in 
response to the application of at least one for the spe 
cific cylinder of the fuel injection starting signals, a fuel 
injection ending signal generator for generating a fuel 
injection ending signal for the individual cylinders in 
response to the application of said fuel injection dura 
tion signal and said second fuel injection starting signal, 
a fuel injection ending signal distributor for distributing 
said fuel injection ending signal to the fuel injection 
means associated with the individual cylinders taking 
said first fuel injection starting signal as a reference, 
and a fuel injection starting signal distributor for dis 
tributing said second fuel injection starting signal to 
said fuel injection means associated with the individual 
cylinders taking said first fuel injection starting signal 
as a reference, said system further comprising as re 
quired a first discriminator for applying to said fuel in 
jection duration signal generator a signal correspond 
ing to the fuel injection starting signal generated by said 
second fuel injection starting signal generator when the 
speed of the engine is lower than a predetermined 
speed so that said fuel ignition duration signal genera 
tor generates a fuel injection duration signal for the in 
dividual cylinders, and a second discriminator for pro 
ducing a fuel injection ending signal for the individual 
cylinders directly from the fuel injection duration sig 
nal generated by said fuel injection duration signal gen 
erator in the low speed range so that said fuel injection 
ending signal distributor distributes the fuel injection 
ending signal to the individual cylinders. 
The present invention having the features set forth in 

the above provides the following advantages: 
1. The provision of only one fuel injection duration 

signal generator is advantageous over a conventional 
system including a plurality of fuel injection duration 
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signal generators in that the duration of fuel injection 
for the individual cylinders is free from any fluctuation 
and is uniform. 

2. In a high speed range of the engine in which the pe 
riod of time of fuel injection for one cylinder may over 
lap that of another cylinder, a fuel injection ending sig 
nal for the individual cylinders is newly produced on 
the basis of the fuel injection duration signal for a pre 
determined specific cylinder. Thus, an appropriate 
amount of fuel can be sequentially injected into the in 
dividual cylinders with optimum fuel injection timing in 
such a high speed range. As a result, the engine can 
fully develop its output and any undesirable pulsation 
of pressure applied to the fuel as well as electrical pull 
sation can be reduced to a minimum. 

3. In a low speed range of the engine, the single fuel 
injection duration signal generator generates a fule in 
jection duration signal for the individual cylinders in 
accordance with the instructions given by the first dis 
criminator, and this signal is applied to the second dis 
criminator to be distributed to the individual cylinders 
by way of the fuel injection ending signal distributor. 
Thus, the fuel injection can be accurately carried out 
even in a very low speed range such as when the engine 
is started from the non-operative condition. 
By virture of the above advantages, an ideal fuel in 

jection characteristic can be obtained throughout the 
entire operating conditions of the engine ranging from 
the starting to its maximum speed. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of an embodiment of the 
present invention. 
FIG. 2 is an electrical circuit diagram of a fuel injec 

tion starting signal generator for a specific cylinder. 
FIGS. 3a through 3.fshow voltage waveforms appear 

ing at various parts of the circuit shown in FIG. 2. 
FIG. 4 is an electrical circuit diagram of a fuel injec 

tion starting signal generator for the individual cylin 
ders. 
FIGS. 5a through 5c show voltage waveforms appear 

ing at various parts of the circuit shown in FIG. 4. 
FIG. 6 is an electrical circuit diagram of a fuel injec 

tion duration signal generator. 
FIGS. 7a through 7c show voltage waveforms appear 

ing at various parts of the circuit shown in FIG. 6. 
FIG. 8 is a block diagram of a fuel injection ending 

signal generator. 
FIGS. 9 through 11 are electrical circuit diagrams of 

various electrical circuits shown by the blocks in FIG. 
8. 
FIGS. 12a through 12e show voltage waveforms ap 

pearing at various parts of the circuits shown in FIGS. 
9 through 11. 
FIG. 13 is an electrical circuit diagram of a fuel injec 

tion ending signal distributor. 
FIGS. 14a and 14b show waveforms of inputs applied 

to the circuit shown in FIG. 13. 
FIGS. 15a through 15d show waveforms of outputs 

delivered from the circuit shown in FIG. 13. 
FIG. 16 is an electrical circuit diagram of a fuel injec 

tion starting signal distributor. 
FIGS. 17a and 17b show the waveforms of inputs ap 

plied to the circuit shown in FIG. 16. 
FIGS. 18a through 18d show the waveforms of out 

puts delivered from the circuit shown in FIG. 16. 
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4 
FIG. 19 is an electrical circuit diagram of a fuel injec 

tion circuit. 
FIGS. 20a through 20h show waveforms of inputs ap 

plied to the fuel injection circuit from the fuel injection 
ending signal distributor and fuel injection starting sig 
nal distributor. 
FIGS. 21a through 21 m show voltage waveforms ap 

pearing at various parts of the fuel injection circuit 
shown in FIG. 19. 
FIGS. 22a through 22m show voltage waveforms ap 

pearing at various parts of the fuel injection circuit 
shown in FIG. 19 when the duration of fuel injection is 
varied. 
FIG. 23 is a block diagram of another embodiment of 

the present invention. 
FIG. 24 is an electrical circuit diagram of a first dis 

criminator. 
FIG. 25 is an electrical circuit diagram of a second 

discriminator. 
FIG. 26 is an electrical circuit diagram of a third dis 

criminator. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1 which shows a block diagram of 
an embodiment of the present invention, a fuel injec 
tion starting signal generator 1 generates a signal repre 
senting the fuel injection starting timing for a predeter 
mined specific cylinder which may, for example, be the 
first cylinder of a four-cylinder internal combustion en 
gine. Another fuel injection starting signal generator 2 
generates a signal representing the fuel injection start 
ing timing for the individual cylinders. In response to 
the application of the fuel injection starting signal from 
the fuel injection starting signal generator 1 for the spe 
cific cylinder, a fuel injection duration signal generator 
4 generates a fuel injection duration signal having a 
pulse width which is in accord with the duration of fuel 
injection for the specific cylinder. The fuel injection 
starting signal for the individual cylinders delivered 
from the fuel injection starting signal generator 2 and 
the fuel injection duration signal for the specific cylin 
der delivered from the fuel injection duration signal 
generator 4 are applied to a fuel injection ending signal 
generator 6 which produces, on the basis of the fuel in 
jection duration signal applied thereto, fuel injection 
ending signals instructing the end of the fuel injection 
into the indivudual cylinders sequentially. A fuel injec 
tion ending signal distributor 8 distributes the fuel in 
jection ending signals to the individual cylinders in re 
sponse to the application of the signals from the fuel in 
jection ending signal generator 6. A fuel injection start 
ing signal distributor 9 distributes the fuel injection 
starting signal to the individual cylinders in response to 
the application of the fuel injection starting signal for 
the individual cylinders from the fuel injection starting 
signal generator 2 and the fuel injection starting signal 
from the fuel injection starting signal generator 1 for 
the specific cylinder. The fuel injection starting signal 
and the fuel injection ending signal for the individual 
cylinders are applied to a fuel injection circuit 10 which 
includes means for energizing and de-energizing the so 
lenoid operated valves associated with the respective 
cylinders. An inverter 12 is connected between the fuel 
injection starting signal generator 2 and the injection 
starting signal distributor 9, and also another inverter 
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13 between the injection ending signal generator 6 and 
the injection ending signal distributor 8. 
The fuel injection starting signal generator 1 for the 

specific cylinder may be composed of means incorpo 
rated in the ignition signal distributor for detecting a 
predetermined position during the operating cycle of 
the specific cylinder which is herein the first cylinder 
and a wave shaping circuit for subjecting the output 
from the detecting means to wave shaping. The operat 
ing position of the specific cylinder can be detected by 
a method in which a signal responsive to the operation 
of the specific cylinder has a special shape or magni 
tude or a method in which a signal is produced solely 
at the fuel injection starting timing of the specific cylin 
der. In the former case, a generator may generate a 
higher voltage in response to the operation of the spe 
cific cylinder than when the remaining cylinders are in 
operation. In the latter case, a switch which is urged to 
open or close at the fuel injection starting timing of the 
specific cylinder may be employed. The wave shaping 
circuit may include a suitable combination of an ampli 
fier, a Schmitt circuit and a differentiator for detecting 
the fuel injection starting timing of the specific cylin 
der. 
A practical circuit diagram of the fuel injection start 

ing signal generator 1 for the specific cylinder is shown 
in FIG. 2. Referring to FIG. 2, a signal generator G is 
mounted rotatably in synchronism with rotation of the 
engine (not shown) for producing a signal responsive 
to the operating position of the specific cylinder. The 
signal generator G is connected to a Schmitt circuit 
which includes an input resistor 101, bias resistors 102 
and 103, a pair of transistors 104 and 107, a load resis 
tor 105 for the transistor 104, a coupling resistor 106, 
a resistor 108 for determining a Schmitt level L shown 
in FIG. 3a, a common emitter resistor 109 for the tran 
sistors 104 and 107, and a load resistor 110 for the 
transistor 107. A capacitor 11 1 and a resistor 112 con 
stitute a differentiator. An amplifying transistor 113 is 
connected to the differentiator and has a load resistor 
14. A resistor 121 in combination with capacitor 220 

as shown in FIG. 4 acts to differentiate and produce a 
synchronizing signal Sy, described later, which appears 
at input terminal 1a. A transistor 122 and a silicon con 
trolled rectifier 123 constitute a flip-flop circuit which 
has a load resistor 124 connected there with. A capaci 
tor 125 and a resistor 126 constiture a differentiator 
which is connected to an output terminal 1b through a 
coupling capacitor 127. 

In operation, the signal generator G1 generates a sig 
nal having a waveform as shown in FIG. 3a at the start 
of the fuel injection for the specific cylinder. When no 
signal is applied from the signal generator G1 to the 
Schmitt circuit composed of the circuit elements 101 
through 110, the transistor 104 is cut off and the tran 
sistor 107 is conducting by the biasing action of the re 
sistors 101, 102 and 103. Then, when the signal gener 
ated by the signal generator G attains a positive level 
above the Schmitt level Li, the transistor 104 conducts 
and the transistor 107 is cut off. As the angular position 
of rotation of the engine crankshaft is further advanced 
until the voltage level of the signal generated by the sig 
nal generator G becomes lower than the Schmitt level 
Li again, the transistor 104 is cut off and the transistor 
107 conducts again with the result that a rectangular 
waveform appears across the resistor 110. FIG. 3b 
shows such a voltage waveform appearing at point B. 
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6 
Although, actually, there is a slight hysteresis in the ac 
tion of the Schmitt circuit, the hysteresis is not taken 
into consideration herein since it is negligible. This 
rectangular waveform is then differentiated by the dif 
ferentiator composed of the capacitor 111 and the re 
sistor 12 so that a waveform as shown in FIG. 3c ap 
pears at point C. The negative pulse appearing at point 
C is amplified and inverted in polarity by the transistor 
113. The collector of the transistor 113 is connected to 
the gate of the silicon controlled rectifier 123, which is 
therefore urged to conduct by the positive pulse ob 
tained by the amplification and polarity inversion of the 
negative pulse. When a negative pulse S (which is de 
scribed hereafter) shown in FIG. 3d is applied to the 
input terminal 1a with the further rotation of the engine 
crankshaft, the transistor 122 is cut off thereby to turn 
off the silicon controlled rectifier 123. As a result, a 
voltage waveform as shown in FIG. 3e appears at point 
E. This waveform is differentiated by the differentiator 
composed of the capacitor 125 and the resistor 126 so 
that an output signal as shown in FIG. 3f appears at 
point F. This output signal appears through the capaci 
tor 127 at the output terminal 1b to be applied to the 
fuel injection duration signal generator 4 and fuel injec 
tion starting signal distributor 9. 
The structure of the second fuel injection starting sig 

nal generator 2 may be similar to that of the first fuel 
injection starting signal generator 1 for the specific cyl 
inder. Thus, the second fuel injection starting signal 
generator 2 may include means such as a signal genera 
tor or breaker point generating a signal at the fuel in 
jection timing of the individual cylinders and a wave 
shaping circuit for accurately detecting the fuel injec 
tion starting timing of the individual cylinders as in the 
case of the fuel injection starting signal generator 1 for 
the specific cylinder. 

Referring to FIG. 4, a signal generator G, which is 
mounted rotatably in synchronism with rotation of the 
engine (not shown), generates a voltage signal having 
a waveform as shown in FIG. 5a at the fuel injection 
starting timing of the individual cylinders and is con 
nected to a Schmitt circuit composed of an input resis 
tor 210, bias resistors 211 and 212, a pair of transistors 
217 and 218, a load resistor 213 for the transistor 217, 
a coupling resistor 214, a common emitter resistor 215, 
a resistor 216 for determining a Schmitt level L shown 
in FIG. 5a, and a load resistor 219 for the transistor 
118. In the Schmitt circuit, the transistor 217 is cut off 
at the Schmitt level L. from the previous conducting 
state and therefore the transistor 218 is urged to con 
duct from the previous cut-off state with the result that 
an output having a rectangular waveform as shown in 
FIG. 5b is delivered from the Schmitt circuit. The resis 
tor 216 is suitably selected to provide the Schmitt level 
L. described above. Since it is preferable that a suffi 
cient triggering action can be ensured even when the 
waveform of the output from the signal generator G, 
has a small amplitude and that the level L is desirably 
as close to the zero as possible in order to accurately 
detect a reference position 60, the resistors 210, 21 1, 
212, 214, 215 and 216 are designed to suit the above 
purpose. The output from the Schmitt circuit is differ 
entiated by a differentiator composed of a capacitor 
220 and a resistor 121 as shown in FIG. 2 so that nega 
tive pulses Sy appear in synchronism with angular posi 
tions 610, 620, 630, . . . . . as shown in FIG.5c. The output 
pulse Sy appears through the differentiator capacitor 
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220 at an output terminal 2a to be applied therefrom 
to the fuel injection starting signal generator 1 for the 
specific cylinder, fuel injection ending signal generator 
6 and fuel injection starting signal distributor 9. 
Referring to FIG. 6 showing an electrical circuit dia 

gram of the fuel injection duration signal generator 4, 
it comprises a saw-tooth wave resetting transistor 400, 
a bias resistor 401 for the transistor 400, a capacitor 
402 across which a saw-tooth waveform appears, a re 
sistor 403 for determining a fixed time constant of the 
saw-tooth waveform appearing across the capacitor 
402, an amplifying transistor 404 of an emitter follower 
configuration, a load resistor 405 for the emitter fol 
lower transistor 404, a reference voltage generator 406 
generating a reference voltage corresponding to the 
amount of injected fuel required by the engine, a com 
parator and rectangular wave generator 407 (hereinaf 
ter to be referred to merely as a comparator), a cou 
pling resistor 408, an amplifying transistor 409, a load 
resistor 410 for the transistor 409, a feedback resistor 
411, a signal input terminal 4a, and a signal output ter 
minal 4b. 

In operation, the transistor 400 conducts in response 
to the application of the signal or a pulse V as shown 
in FIG. 7a from the fuel injection starting signal genera 
tor 1 for the specific cylinder to the input terminal 4a. 
Upon conduction of the transistor 400, the charge 
stored in the capacitor 402 is discharged across the col 
lector and emitter of the transistor 400. Since the pulse 
V, applied to the base of the transistor 400 lasts for a 
very short period of time, the completely discharged 
capacitor 402 is recharged soon. Voltage waveforms 
appearing at various parts of the generator 4 are shown 
in FIGS. 7a through 7c. The input pulse signal V hav 
ing a waveform as shown in FIG. 7a is applied to the 
input terminal 4a, thence to the base of the transistor 
400 at time t. The transistor 400 conducts to cause the 
capacitor 402 to discharge and a voltage V varying in 
a manner as shown in FIG.7b appears across the capac 
itor 402. The input pulse V disappears soon and the 
capacitor 402 is charged through the resistor 403 
again. The capacitor 402 discharges through the tran 
sistor 400 in response to the application of the next 
input pulse V to the input terminal 4a at time t. Thus, 
a saw-tooth waveform V having a fixed gradient deter 
mined by the capacitance of the capacitor 402 and the 
resistance of the resistor 403 appears across the capaci 
tor 402 as shown in FIG. 7b. The voltage across the ca 
pacitor 402 appears across the resistor 405 through the 
transistor 404 to be applied to one of the input termi 
nals of the comparator 407. On the other hand, a refer 
ence voltage V corresponding to the amount of in 
jected fuel required by the engine is applied to the 
other input terminal of the comparator 407 in which 
this reference voltage V is compared with the saw 
tooth waveform V. As a result, a rectangular waveform 
S as shown in FIG. 7c appears at the output terminal 
of the comparator 407, and has a pulse width tt ranging 
from time t at which the saw-tooth waveform V starts 
to rise to time t at which the voltage level of the refer 
ence voltage V is equal to that of the sawtooth wave 
form V. This rectangular waveform Sr is applied 
through the resistor 408 to the transistor 409 to be am 
plified thereby and appears across the resistor 410. 
Since the time constant of the saw-tooth waveform V 
is fixed, the pulse width t of the rectangular pulse St is 
determined depending on the level of the reference 
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8 
voltage V. When especially the fixed time constant of 
the saw-tooth waveform V is sufficiently large com 
pared with the pulse width (duration of fuel injection) 
it shown in FIG. 7c, the pulse width t of the rectangular 
waveform S. representing the duration of fuel injection 
is approximately proportional to the reference voltage 
V. The purpose of the feedback resistor 411 is to pre 
vent the rectangular waveform S from undesirable 
fluctuation which may occur at time t due to noises or 
any other causes. In this manner, a rectangular wave 
form signal having a pulse width t which is in accord 
with the required duration of fuel injection can be de 
rived from the output terminal 4b of the fuel injection 
duration signal generator 4. 
The duration of fuel injection for one of the cylinders 

would not overlap the duration of fuel injection for an 
other cylinder when the number of revolutions of the 
engine is low. When, however, the engine rotates at 
high speed and the load on the engine is large, a large 
amount of fuel is required in one cycle of the engine, 
and to meet this requirement, current must be supplied 
for an extended period of time to the solenoid operated 
valves supplying fuel to the engine. However, the single 
fuel injection duration signal generator 4 cannot satis 
factorily function in a situation in which the injection 
of fuel into the next cylinder takes place before the in 
jection of fuel into preceding cylinder is not finished, 
that is, an overlap occurs in the period of time of fuel 
injection. In such a situation, especially in a high speed 
range of the engine operation, a fuel injection duration 
signal which is the same as the fuel injection duration 
signal for the specific cylinder must be produced with 
a predetermined time lag or in an out-of-phase relation 
ship. The function is attained by the fuel injection end 
ing signal generator 6 which produces, on the basis of 
the fuel injection duration signal for the specific cylin 
der delivered from the fuel injection duration signal 
generator 4, a signal instructing the end or termination 
of fuel injection into all the cylinders except for the 
specific cylinder. 

Referring to FIG. 8 showing a block diagram of the 
fuel injection ending signal generator 6, it comprises a 
saw-tooth wave generator 60, a detector 63 for detect 
ing the end of the fuel injection duration signal for the 
specific cylinder supplied from the fuel injection dura 
tion signal generator 4, and an imitative signal genera 
tor 66 for producing a signal instructing the end of fuel 
injection into all the cylinders except for the specific 
cylinder on the basis of a signal delivered from the de 
tector 63, that is, on the basis of the end of the fuel in 
jection duration signal for the specific cylinder. The 
fuel injection starting signal Sy for the individual cylin 
ders delivered from the fuel injection starting signal 
generator 2 is supplied to the saw-tooth wave generator 
60 as a resetting signal so that the saw-tooth wave gen 
erator 60 generates a saw-tooth waveform of constant 
peak magnitude which is independent of the number of 
revolutions per unit of time of the engine. In response 
to the delivery of the signal from the detector 63 which 
detects the end of the fuel injection duration signal for 
the specific cylinder supplied from the fuel injection 
duration signal generator 4, the imitative signal genera 
tor 66 stores therein the memory of the level of the 
Saw-tooth waveform at that moment. Then, when the 
saw-tooth waveform attains the specific level again, the 
imitative signal generator 66 generates pulses each 
time that level is attained. Among these pulses, the 
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pulses which are not in accord with the resetting posi 
tion or falling point of the saw-tooth waveform are 
taken as a fuel injection ending signal for ending the in 
jection of fuel into the individual cylinders and this sig 
nal appears at the output terminal 6i. 
Voltage waveforms appearing at various parts of the 

fuel injection ending signal generator 6 are shown in 
FIGS. 12a through 12e. FIG. 12a shows the voltage 
waveform of the fuel injection duration signal S for the 
specific cylinder supplied from the fuel injection dura 
tion signal generator 4. FIG. 12h shows the voltage 
waveform of the saw-tooth wave V. FIG. 12c shows 
pulses Vd obtained as a result of the detection of the 
end of the fuel injection duration signal S. The pulses 
include a memory capacitor resetting pulse P. and a 
setting pulse P. FIG. 12d shows a rectangular wave 
form V which falls to the zero level at the time corre 
sponding to the end of fuel injection into the individual 
cylinders. This rectangular waveform Ve is subject to 
differentiation to appear as pulses V as shown in FIG. 
12e so that the negative pulses among them are utilized 
as the fuel injection ending signal for supply to the indi 
vidual cylinders. 
The operation and detailed structure of the fuel in 

jection ending signal generator 6 will be described with 
reference to FIGS. 9, 10 and 11. Referring to FIG. 9 
showing the structure of the saw-tooth wave generator 
60, it comprises a transistor 601 disposed in the dis 
charging path of a capacitor 604 across which a saw 
tooth wave appears, a leakage resistor 603, a transistor 
605 which conducts for a very short period of time for 
charging the capacitor 604 in response to the applica 
tion of the fuel injection starting signal Sy from the fuel 
injection starting signal generator 2 to the input termi 
nal 6a, a bias resistor 619 for normally keeping the 
transistor 605 in the non-conducting state, emitter fol 
lower transistor 606 and 607, a load resistor 608 for the 
transistor 607, resistors 609 and 611 and capacitors 
610 and 612 constituting an integrator, an emitter foll 
lower transistor 613 for amplifying the output from the 
integrator, a load resistor 614 for the transistor 613, a 
differential amplifier 615 for comparing the output 
from the integrator with a reference voltage given by a 
variable resistor 617, a feedback resistor 616, a cou 
pling resistor 618, and an output terminal 6b from 
which the saw-tooth waveform V is delivered. 

In operation, the transistor 605 conducts to charge 
the capacitor 604 up to a power supply voltage in re 
sponse to the application of a pulse of the fuel injection 
starting signal Sy to the input terminal 6a from the fuel 
injection starting signal generator 2. The pulse of the 
fuel injection starting signal Sy disappears soon and the 
transistor 605 is cut off. In the meantime, current 
which is dependent upon the output from the differen 
tial amplifier 615 is supplied to the transistor 601, and 
as a result, discharge takes place in the capacitor 604. 
By maintaining constant current supplied to the transis 
tor 601 from the differential amplifier 615, a linearly 
decreasing V as shown in FIG. 12b appears across the 
capacitor 604. The capacitor 604 is reset as the next 
pulse of the fuel injection starting signal Sy is applied 
to the input terminal 6a, thence to the base of the tran 
sistor 605 after a short while. The voltage across the ca 
pacitor 604 is subject to impedance conversion by the 
transistors 606 and 607 so that a saw-tooth waveform 
voltage of low impedance appears across the load resis 
tor 608. This saw-tooth waveform is integrated and 
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Smoothed out by the integrator composed of the resis 
tors 609, 611 and the capacitors 610 and 612 and is 
then subject to impedance conversion by the transistor 
613 again. Therefore, a d.c. voltage proportional to the 
magnitude of the saw-tooth waveform appears across 
the resistor 614. The differential amplifier 615 com 
pares this d.c. voltage with the reference voltage sup 
plied from the variable resistor 617 to deliver an output 
representative of the difference between these two 
voltages. This differential voltage is applied to the base 
of the transistor 601 so as to reduce the differential 
voltage. As a result, the magnitude of the saw-tooth 
waveform voltage appearing across the resistor 608 can 
be maintained constant. It will thus be understood that 
a saw-tooth waveform voltage V of constant magni 
tude as shown in FIG. 12b can be generated in synchro 
nism with the rotation of the engine and the magnitude 
is independent of the number of revolutions per unit 
time of the engine. 
FIG. 10 shows the structure of the detector 63 for de 

tecting the end of the fuel injection duration signal for 
the specific cylinder delivered from the fuel injection 
duration signal generator 4. Referring to FIG. 10, the 
detector 63 comprises a first differentiator composed 
of a capacitor 631 and a resistor 632, a first differenti 
ated pulse amplifying transistor 633, a load resistor 634 
for the transistor 633, a second differentiator com 
posed of a capacitor 635 and a resistor 636, a second 
differentiated pulse amplifying transistor 637, a load 
resistor 638 for the transistor 637, a third differentia . 
composed of a capacitor 639 and a resistor 640, a third 
differentiated pulse amplifying transistor 641, a load 
resistor 642 for the transistor 641, a phase inverting 
transistor 643, a load resistor 644 for the transistor 
643, an input terminal 6k, and output terminals 6c and 
6d. 

In operation, the fuel injection duration signal for the 
specific cylinder supplied from the fuel injection dura 
tion signal generator 4 to the input terminal 6k disap 
pears at time to in FIG. 12a and a negative pulse pro 
duced by the capacitor 631 and the resistor 632 consti 
tuting the first differentiator is applied to the base of 
the transistor 633 at this moment to cut off the transis 
tor 633. In response to the cut-off of the transistor 633, 
a positive pulse appears across the load resistor 634 for 
the transistor 633. The rising point of the positive pulse 
is detected by the capacitor 639 and the resistor 640 
constituting the third differentiator and the pulse is am 
plified by the transistors 641 and 643 so that a pulse P. 
appears at the output terminal 6c. The falling point of 
the positive pulse appearing across the load resistor 
634 for the transistor 633 is subsequently detected by 
the capacitor 635 and the resistor 636 constituting the 
second differentiator and the pulse is amplified and 
subjected to inversion in sign by the transistor 637 so 
that a pulse P appears at the output terminal 6d with 
a slight delay relative to the pulse PA as shown in FIG. 
12c. 
Referring to FIG. 1 showing the structure of the imi 

tative signal generator 66, it comprises a coupling resis 
tor 661, a comparator 662, a coupling resistor 663, an 
amplifying and inverting transistor 664, a load resistor 
665 for the transistor 664, a coupling resistor 666, a 
NAND circuit 667, a coupling resistor 668, an amplify 
ing and inverting transistor 669, a load resistor 670 for 
the transistor 669, a coupling resistor 671, a transistor 
672 disposed in the charging circuit for a memory ca 
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pacitor 673, a resetting transistor 674, a bias resistor 
675 for the transistor 674, an amplifying transistor 676 
of emitter follower configuration, a load resistor 677 
for the transistor 676, coupling resistors 678 and 679, 
a comparator 680, a coupling resistor 681, an amplify 
ing and inverting transistor 682, a load resistor 683 for 
the transistor 682, and a capacitor 687 and a resistor 
686 constituting a differentiator. Input terminals 6e and 
6fare connected to the output terminal 6b of the saw 
tooth wave generator 60 shown in FIG. 9 so that the 
saw-tooth waveform V shown in FIG. 12b is applied to 
the input terminals 6e and 6f from the saw-tooth wave 
generator 60. Another input terminal 6g is connected 
to the output terminal 6c of the detector 63 shown in 
FIG. 10 so that the pulse P. shown in FIG. 12C is ap 
plied to the input terminal 6g from the detector 63. A 
further input terminal 6h is connected to the output 
terminal 6d of the detector 63 shown in FIG. 10 so that 
the pulse P shown in FIG. 12c is applied to the input 
terminal 61 from the detector 63. 

In operation, the transistor 674 conducts in response 
to the application of the pulse P. to the input terminal 
6g and the capacitor 673 discharges across the collec 
tor and emitter of the transistor 674. With the decrease 
in the voltage across the capacitor 673, the emitter 
voltage of the emitter follower transistor amplifier 676 
is also decreased and the decreased emitter voltage is 
applied to one of the input terminals of the comparator 
662 through the resistor 678. On the other hand, the 
saw-tooth waveform voltage V delivered from the saw 
tooth wave generator 60 is applied to the input terminal 
6e, thence to the other input terminal of the compara 
tor 662 through the resistor 661, and the saw-tooth 
waveform voltage V is compared with the emitter volt 
age of the transistor 676 in the comparator 662. Since, 
in this instance, the capacitor 673 is discharging 
through the transistor 674, the comparator 662 delivers 
a voltage instructing the charging of the capacitor 673 
through the transistor 664, NAND circuit 667 and tran 
sistors 669 and 672. However, the NAND circuit 667 
does not instruct the charging of the capacitor 673 
since the pulse P is not applied to the input terminal 
6h yet at this time. The NAND circuit 667 instructs the 
charging of the capacitor 673 as soon as the pulse P, is 
applied to the input terminal 6h and the NAND logic 
of the NAND circuit 667 holds. Since the pulse PA has 
disappeared at this time, the transistor 674 has been al 
ready cut off, and therefore, the capacitor 673 is 
charged through the transistor 672. The voltage ap 
pearing across the capacitor 673 is applied through the 
emitter follower transistor amplifier 676 to the input 
terminal of the comparator 662 to be compared with 
the saw-tooth waveform voltage V applied to the other 
terminal of the comparator 662. When these two volt 
ages are equal to each other, the comparator 662 ap 
plies instructions to the NAND circuit 667 through the 
transistor 664 so as to stop the charging of the capaci 
tor 673. Consequently, the transistor 672 is cut off im 
mediately and the charging of the capacitor 673 is 
ceased. After a short while, the pulse Pi disappears. 
The capacitor 673 would not be charged again even 
when the voltage across the capacitor 673 may become 
lower than the saw-tooth waveform voltage V unless 
the next pulses PA and Ph are applied to the respective 
input terminals 6g and 6h again. Thus, the capacitor 
673 is neither charged nor discharged and the voltage 
thereacross is maintained at a fixed level. In other 
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12 
words, the capacitor 673 stores therein a fixed level Vs. 
(FIG. 12b) of the saw-tooth waveform voltage V corre 
sponding to the end (at time to in FIG. 12a ) of the fuel 
injection duration signal V for the specific cylinder 
shown in FIG. 12a. Further, the voltage across the 
memory capacitor 673 is applied to one of the input 
terminals of the comparator 680, while the saw-tooth 
waveform voltage V is applied to the other input termi 
nal of the comparator 680 through the input terminal 
6f. After the voltage across the capacitor 673 has at 
tained the fixed level, the saw-tooth waveform is reset 
again and then the saw-tooth waveform voltage V at 
tains a level equal to the voltage level across the capaci 
tor 673 again. At this point, the comparator 680 acts 
to urge the transistor 682 from the cut-off to the con 
ducting state. In this manner, a rectangular waveform 
V as shown in FIG. 12d can be obtained, and the end 
of the fuel injection into each of the cylinders other 
than the specific cylinder can be detected. This end lies 
in the same angular position of rotation of the engine 
crankshaft as the end of the fuel injection duration sig 
nal for the specific cylinder and is in synchronism with 
the rotation of the engine. The rectangular waveform 
V is differentiated by the differentiator composed of 
the capacitor 687 and the resistor 686 to obtain posi 
tive and negative pulses, and the negative pulses Vep 
shown in FIG. 12e responsive to the transition of the 
transistor 687 from its cut-off to conducting state are 
selectively drived from the output terminal 6i to utilize 
same as a fuel injection ending signal for the cylinders 
other than the specific cylinder. It will thus be under 
stood that the fuel injection ending signal for the cylin 
ders other than the specific cylinder is produced on the 
basis of the fuel injection duration signal for the spe 
cific cylinder and this fuel injection ending signal is suc 
cessively distributed so that the duration of fuel injec 
tion can be rendered entirely the same for all the cylin 
diers. 
The fuel injection ending signal distributor 8 has a 

structure as shown in FIG. 13 and is actually a sort of 
a ring counter. The fuel injection ending signal distribu 
tor 8 comprises fuel injection ending signal distributor 
sections 81, 82, 83 and 84 for the first, second, third 
and fourth cylinders, respectively. The fuel injection 
ending signal for the specific cylinder derived from the 
detector 63 of the fuel injection ending signal generator 
6 is applied to an input terminal 8A, while the injection 
interruption pulse from the imitative generator 66 of 
the fuel injection ending signal generator 6 is applied 
to an input terminal 8B. The fuel injection ending sig 
nal distributor 8 has four output terminals 8a, 8b, 8c 
and 8d. A diode 81a is connected to the input terminal 
8A, while diodes 82a, 83a and 84a are connected to the 
input terminal 8B. The fuel injection ending signal dis 
tributor section 81 includes a resistor 81b grounded at 
one end thereof, a resistor 81c, a silicon controlled rec 
tifier8d, a load resistor 81e for the silicon controlled 
rectifier 81 d, and a capacitor 81f connected between 
the anode of the silicon controlled rectifier 81d and 
ground. The fuel injection ending signal distributor sec 
tion 82 includes resistors 82b and 82c, a silicon con 
trolled rectifier 82d, a load resistor 82e for the silicon 
controlled rectifier 82d, a capacitor 82f connected be 
tween the anode of the silicon controlled rectifier 82d 
and ground, and a capacitor 82g connected between 
the gate of the silicon controlled rectifier 82d and the 
junction point between the diode 82a and the resistor 
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82b. The fuel injection ending signal distributor section 
83 includes resistors 83b and 83c. a silicon controlled 
rectifier 83d, a load resistor 83e for the silicon con 
trolled rectifier 83d, a capacitor 83f connected be 
tween the anode of the silicon controlled rectifier 83d 
and ground, and a capacitor 83g connected between 
the gate of the silicon controlled rectifier 83d and the 
junction point between the diode 83a and the resistor 
83h. The fuel injection ending signal distributor section 
84 includes resistors 84b and 84c., a silicon controlled 
rectifier 84d, a load resistor 84e for the silicon con 
trolled rectifier 84d, a capacitor 84f connected be 
tween the anode of the silicon controlled rectifier 84d 
and ground, and a capacitor 84g connected between 
the gate of the silicon controlled rectifier 84d and the 
junction point between the diode 84a and the resistor 
84b. An inductance 84h is connected between the cath 
ode of the silicon controlled rectifier 81 d, 82d, 83d and 
84d and ground, and a capacitor 84i is connected in 
parallel with the inductance 84h. 
The operation of the fuel injection ending signal dis 

tributor 8 having the above structure will be described 
with reference to FIGS. 14a and 14b and FIGS. 15a 
through 15d. The input signal having a waveform as 
shown in FIG. 14a is applied from 6c of the detector 63 
of the fuel injection ending signal generator 6 to the 
input terminal 8A, while the input signal having a wave 
form as shown in FIG. 14b is applied by inverting the 
pulses as shown in FIG. 12e from the fuel injection end 
ing signal generator 6 to the input terminal 8B. At time 
T, all the silicon controlled rectifiers 81d - 84d are in 
the cut-off state and the capacitors 82g - 84g are 
charged through the load resistors 81e -84e and the re 
sistors 82b - 84b and 82c - 84c, respectively. There 
fore, none of the diodes 82a - 84a is conducting and 
none of the silicon controlled rectifiers 82d - 84d as 
well as the silicon controlled rectifier 81d is conduct 
ing. At time t , a pulse PA representing the fuel injection 
ending signal for the specific cylinder is applied to the 
input terminal 8A to urge the diode 81a and the silicon 
controlled rectifier81d to conduct, while the remaining 
silicon controlled rectifiers 82d - 84d are still kept in 
the cut-off state. At time t, a pulse of the fuel injection 
ending signal is applied to the input terminal 8B. At this 
time, the charge stored in the capacitor 82g has been 
completely discharged through the resistors 82b and 
82c, silicon controlled rectifier 81d and inductance 
84h. Thus, the diode 82a conducts and the silicon con 
trolled rectifier 82d is urged to conduct from its previ 
ous cut-off state, while the silicon controlled rectifiers 
83d and 84d are still kept in the cut-off state due to the 
fact that the capacitors 83g and 84 g are in the com 
pletely charged state and the diodes 83a and 84d do not 
conduct. Before the silicon controlled rectifier 82d 
conducts, the capacitor 82f is charged through the re 
sistor 82e, but in response to the conduction of the sili 
con controlled rectifier 82d, the capacitor 82f dis 
charges through the silicon controlled rectifier82d, in 
ductance 84h and capacitor 84i. Thus, the potential at 
the cathode of the silicon controlled rectifiers 81 d - 
84d increases for a period of time which is determined 
by the capacitances of the capacitors 82f and 84i and 
the value of the inductance 84h, and the cathode po 
tential is determined by these constants. As a result, the 
silicon controlled rectifier 81d is urged to cut off from 
the previous conducting state. This is because the po 
tential at the anode of the silicon controlled rectifier 
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4. 
81d is equal to the ground potential due to the dis 
charging of the capacitor 81f and the increase in the 
cathode potential results in the flow of a reverse cur 
rent through the cathode and anode of the silicon con 
trolled rectifier 81d and the capacitor 81f. At time t, 
the silicon controlled rectifier 83d is urged to conduct 
and the silicon controlled rectifier 82d is cut off, while 
the remaining silicon controlled rectifiers 81d and 84d 
are kept in the cut-off state. At time t, the silicon con 
trolled rectifier84d is now urged to conduct and the sil 
icon controlled rectifier 83d is cut off. At time t', a 
pulse is applied to the input terminal 8A in addition to 
the application of a pulse to the input terminal 8B as 
shown in FIGS. 14a and 14b so that the diodes 82a, 83a 
and 84a do not conduct and the diode 81 a solely con 
ducts, resulting in the conduction of the silicon con 
trolled rectifier 81d and the cut-off of the silicon con 
trolled rectifier 84d in a manner as described above. 
Needless to say, the silicon controlled rectifiers 82d 
and 83d are kept in the cut-off state. 

Briefly stating the operation of the fuel injection end 
ing signal distributor 8 again, the silicon controlled rec 
tifiers 81d, 82d, 83d and 84d are successively urged to 
conduct and cut off starting from the silicon controlled 
rectifier 81d in response to the application of the input 
signals shown in FIGS. 14a and 14b to the respective 
input terminals 8A and 8B. Thus, an output signal as 
shown in FIG. 15a appears at the output terminal 8a, 
an output signal as shown in FIG. 15b appears at the 
output terminal 8b, an output signal as shown in FIG. 
15c appears at the output terminal 8c, and an output 
signal as shown in FIG. 15d appears at the output termi 
nal 8d. While the operation of the distributor 8 during 
the period of from time t to ta has been described, simi 
lar operation is repeated during the period of from time 
t" to t' and so on so that such output signals appear 
successively at the output terminals 8a, 8b, 8c and 8d. 
The fuel injection starting signal distributor 9 has a 

structure as shown in FIG. 16 and is actually a sort of 
a ring counter. As seen in FIG. 16, the structure of the 
fuel injection starting signal distributor 9 is entirely the 
same as that of the fuel injection ending signal distribu 
tor 8, and the signal distributor 9 operates in the en 
tirely the same manner as the signal distributor 8. 
Hence, any detailed description of the structure and 
operation of the fuel injection starting signal distributor 
9 is unnecessary. Thus, output signals as shown in 
FIGS. 18a through 18d appears at respective output 
terminals 9a, 9b, 9c and 9d of the signal distributor 9 
in response to the application of the input signals 
shown in FIGS. 17a and 17b to respective input termi 
nals 9A and 9B. The input signals shown in FIG. 17a 
are pulses from the fuel injection starting signal gener 
ates 1 as shown in FIG. 3f. The input signals shown in 
FIG. 17b are the pulses from the fuel injection starting 
signal generator 2 obtained by inverting the pulses as 
shown in FIG. 3d. The times T, t, . . . . . t' shown in 
FIGS. 17a and 17b as well as FIGS. 18a through 18d are 
not the same as the times T, t, . . . . . t' shown in 
FIGS. 14a and 14b as well as FIGS. 15a through 15d, 
and the former is delayed in phase from the latter. 

Signals as shown in FIGS. 20e through 20h are ap 
plied to input terminals A, B, C and D and to input 
terminals A, B, C, and D, of the fuel injection circuit 
10 shown in FIG. 19 in response to the appearance of 
voltages as shown in FIGS. 20a through 20d at the out 
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put terminals of the fuel injection ending signal distrib 
utor 8 and fuel injection starting signal distributor 9. 
Referring to FIG. 19, the fuel injection circuit 10 

comprises solenoid operated fuel injection valves N1, 
N, Na and N for the first, second, third and fourth cyl 
inders, respectively. The fuel injection valve N for the 
first cylinder is controlled by fuel injection starting 
means 1001 and fuel injection ending means 1002. The 
fuel injection starting means 1001 includes a resistor 
1001a, a capacitor 1001b, an inverting capacitor 
1001c, a silicon controlled rectifier 1001d, and a gate 
resistor 1001e and a gate trigger capacitor 1001 f for 
the silicon controlled rectifier 1001d. The fuel injection 
ending means 1002 includes a silicon controlled recti 
fier 1002d, and a load resistor 1002a, a gate resistor 
1002e and a gate trigger capacitor 1002f for the silicon 
controlled rectifier 1002d. The fuel injection valve N. 
for the second cylinder is controlled by fuel injection 
starting means 1003 and fuel injection ending means 
1004. The fuel injection starting means 1003 includes 
a resistor 1003a, a capacitor 1003b, an inverting capac 
itor 1003c, a silicon controlled rectifier 1003d, and a 
gate resistor 1003e and a gate trigger capacitor 1003f 
for the silicon controlled rectifier 1003d. The fuel in 
jection ending means 1004 includes a silicon controlled 
rectifier 1004d, and a load resistor 1004a, a gate resis 
tor 1004e and a gate trigger capacitor 1004f for the sili 
con controlled rectifier 1004d. The fuel injection valve 
Na for the third cylinder is controlled by fuel injection 
starting means 1005 and fuel injection ending means 
1006. The fuel injection starting means 1005 includes 
a resistor 1005a, a capacitor 1005b, an inverting capac 
itor 100.5c, a silicon controlled rectifier 1005d, and a 
gate resistor 1005e and a gate trigger capacitor 1005f 
for the silicon controlled rectifier 1005d. The fuel in 
jection ending means 1006 includes a silicon controlled 
rectifier 1006d, and a load resistor 1006a, a gate resis 
tor 1006e and a gate trigger capacitor 1006f for the sili 
con controlled rectifier 1006d. The fuel injection valve 
N for the fourth cylinder is controlled by fuel injection 
starting means 1007 and fuel injection ending means 
1008. The fuel injection starting means 1007 includes 
a resistor 1007a, a capacitor 1007b, an inverting capac 
itor 1007c, a silicon controlled rectifier 1007d, and a 
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gate resistor 1007e and a gate trigger capacitor 1007f 45 
for the silicon controlled rectifier 1007d. The fuel in 
jection ending means 1008 includes a silicon controlled 
rectifier 1008d, and a load resistor 1008a, a gate resis 
tor 1008e and a gate trigger capacitor 1008f for the sili 
con controlled rectifier 1008d. The input terminal A 
of the fuel injection starting means 1001 is connected 
to the output terminal 9a of the fuel injection starting 
signal distributor 9. The input terminal Ag of the fuel 
injection ending means 1002 is connected to the output 
terminal 8a of the fuel injection ending signal distribu 
tor 8. Similarly, the input terminals B, C, and D of the 
fuel injection starting means 1003, 1005 and 1007 are 
connected to the output terminals 9b, 9c and 9d of the 
fuel injection starting signal distributor 9, while the 
input terminals B, C, and D, of the fuel injection end 
ing means 1004, 1006 and 1008 are connected to the 
output terminals 8b, 8c and 8d of the fuel injection end 
ing signal distributor 8, respectively. 
The fuel injection circuit 10 having a structure as 

shown in FIG. 19 operates in a manner as described 
below in response to the application of input signals as 
shown in FIGS. 21a, 21e, 21b, 21f, 21c, 21 g, 21d and 
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21h to the respective input terminals A, A, B, B, C, 
C, D and D. FIG. 21i shows the duration of current 
supplied to the solenoid operated fuel injection valve 
N for the first cylinder, that is, the fuel injection start 
ing timing and the duration of fuel injection when the 
input signals shown in FIGS. 21a and 21e are applied 
to the respective input terminals A and A. Referring 
to FIG. 19, the silicon controlled rectifier 100d is 
urged to conduct in response to the application of the 
fuel injection starting signal to the input terminal A at 
time t. As a result, the solenoid operated fuel injection 
valve N for the first cylinder is energized to start injec 
tion of fuel. At the same time, the capacitor 1001 c is 
charged through the circuit including the resistor 
1002a and the silicon controlled rectifier 1001d. At 
time T, the silicon controlled rectifier 1002d is urged 
to conduct in response to the application of the fuel in 
jection ending signal to the input terminal A. (The dif 
ference between time T and t, that is, the period of 
from time t to T is the duration of fuel injection which 
is determined by the signals supplied from the fuel in 
jection starting signal generator and fuel injection end 
ing signal generator.) In response to the conduction of 
the silicon controlled rectifier 1002d, the capacitor 
1001c in the charged state discharges through the resis 
tor 1001a, capacitor 1001b, solenoid of the fuel injec 
tion valve N and silicon controlled rectifier 1002d, and 
after the capacitor 1001c is completely discharged, it 
is charged in a direction opposite to the direction in 
which it was previously charged. A negative potential 
appears at the anode of the silicon controlled rectifier 
1001d due to the discharge of the capacitor 1001c, the 
silicon controlled rectifier 1001d is cut off as soon as 
the silicon controlled rectifier 1002d conducts. At time 
t, the fuel injection starting signal is applied to the 
input terminal B, and at time T2, the fuel injection end 
ing signal is applied to the input terminal B2. In re 
sponse to the application of the fuel injection starting 
signal to the input terminal B, the silicon controlled 
rectifier 1003d is urged to conduct so that the solenoid 
operated fuel injection valve N for the second cylinder 
starts injection of fuel. In response to the application of 
the fuel injection ending signal applied to the input ter 
minal B thereafter, the silicon controlled rectifier 
1004d is now urged to conduct and the silicon con 
trolled rectifier 1003d is cut off so that the fuel injec 
tion valve N ceases injection of fuel. Since, in this case, 
no input signals are applied to the input terminals A, 
A2, C1, C2, D and D2, the silicon controlled rectifiers 
1005d, 1006d, 1007d, 1008d and 1001d are in the cut 
off state while the silicon controlled rectifier 1002d is 
in the conducting state. Similarly, the silicon controlled 
rectifiers 1005d and 1007d are urged to conduct at 
times ta and t and cut off at times T 3 and T, while the 
silicon controlled rectifiers 1006d and 1008d are urged 
to conduct at times T3 and I, respectively. Thus, the 
fuel injection valves Na and N inject fuel during the pe 
riod of from time ta to Ta and the period of from time 
t4 to T4, respectively. Then, when the fuel injection 
starting signal is applied to the input terminal A again 
at time t', the silicon controlled rectifier 1001 d is 
urged to conduct and the solenoid operated fuel injec 
tion valve N for the first cylinder starts injection of 
fuel. The capacitor 1001c in the completely charged 
state discharges through the resistor 1002a and silicon 
controlled rectifier 1001d, and after the capacitor 
1001c is completely discharged, charging starts in a di 
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rection opposite to the direction of previous charging. 
A negative potential appears at the anode of the silicon 
controlled rectifier 1002d, which is thereby cut off. 
After a short while, the capacitor 1001c is completely 
charged in such a manner that the terminal connected 
to the resistor 1002a is positive relative to the other ter 
minal. In response to the application of the fuel injec 
tion ending signal to the input terminal A at time T', 
the silicon controlled rectifier 1002d conducts while 
the silicon controlled rectifier 100d is cut off so that 
the Solenoid operated fuel injection valve N ceases in 
jection of fuel. The fuel injection valves N, N and N. 
inject fuel Successively in a manner as described above. 
The operation of the fuel injection circuit 10 given 

with reference to FIGS. 21a through 21m refers to the 
case in which the amount of injected fuel is relatively 
small and the period of time of fuel injection for the in 
dividual cylinders does not overlap each other. The 
next description given with reference to FIGS. 22a 
through 22n refers to the case in which the amount of 
injected fuel is increased to such an extent that the pe 
riod of time of fuel injection for the individual cylinders 
overlaps each other. 

In response to the application of input signals as 
shown in FIGS. 22a, 22b, 22c and 22d to the input ter 
minals A, B, C and D of the fuel injection starting 
means 1001, 1003, 1005 and 1007 at times i, j,i and 
is, the silicon controlled rectifiers 1001d, 1003d, 1005d 
and 1007 d conduct at the times i, j, is and j, respec 
tively. Due to the conduction of the silicon controlled 
rectifiers 1001d, 1003d, 1005d and 1007d, the solenoid 
operated fuel injection valves N, N, Na and N start 
injection of fuel at the times i,j, is and j4, respectively. 
Thereafter, in response to the application of input sig 
nals as shown in FIGS. 22e, 22f, 22g and 22h to the 
input terminals A, B, C and D of the fuel injection 
ending means 1002, 1004, 1006 and 1008 at times Ji, 
J. J. and J, the silicon controlled rectifiers 1002d, 
1004d, 1006d and 1008d conduct, while the silicon 
controlled rectifiers 1001d, 1003d, 1005d and 1007d 
are cut off, respectively. Therefore, the solenoid oper 
ated fuel injection valves N1, N, N and N4 cease injec 
tion of fuel at the times J. J. J. and J. Thus, the period 
of times of fuel injection by the solenoid operated fuel 
injection valves N1, N, Na and N4 ranges from time j. 
to J as seen in FIG. 22i, from time j, to J, as seen in 
FIG. 22i, from time ja to Ja as seen in FIG. 22k, and 
from time j, to J, as seen in FIG. 22m, respectively. It 
will be seen that the four fuel injection valves inject fuel 
in overlapped relation with the fuel injection starting 
and ending timing of these injection valves being out of 
phase relative to one another. At times j', j', ja', j', . 
. . . .j,' and Ji', J", Js", Ji', . . . . . J' and later, opera 
tion similar to that above described is repeated so that 
the solenoid operated fuel injection valves N1, N2, Na 
and N inject a controlled amount of fuel into the re 
spective cylinders for the period of time which is deter 
mined by the signals supplied from the fuel injection 
duration signal generator 4 and fuel injection ending 
signal generator 6. 
While the above description has merely referred to 

two different time intervals between the fuel injection 
starting signal and the fuel injection ending signal for 
the individual cylinders as shown in FIGS. 21a - 21 m 
and FIGS. 22a-22m by way of example, the time inter 
val may have any desired value, that is, the time inter 
val between t and Tori, and J is suitably variable de 
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pending on the amount of injected fuel required for the 
engine. Further, the time interval may vary to any de 
sired value at any time. In other words, the time inter 
val between the pulses of the fuel injection starting sig 
nal in the case of the first cylinder is variable from that 
shown in FIG. 21a to that shown in FIG. 22a or to any 
other value at any time. The same applies also to the 
second, third and fourth cylinders. 

In the first embodiment described above, the time in 
tervals for fuel injection of the respective cylinders in 
each operating cycle of the engine are determined 
commonly by the fuel injection duration signal which 
has been determined on the basis of the operating con 
dition of the specific cylinder in that operating cycle 
and therefore, strictly speaking, if, for example, the ac 
celeration pedal is moved by a driver and the operating 
condition of the engine changes during the same oper. 
ating cycle, the time interval for fuel injection deter 
mined in the above manner might not be ideal for some 
of the cylinders other than the specific cylinder in view 
of, for example, the ratio of fuel to air. However, this 
is not serious practically at all in a high speed range of 
the engine. For example, assuming that a four-cylinder 
four-cycle engine is rotating at 50 revolutions per sec 
ond, that is, it takes 40 milliseconds for the engine to 
turn two revolutions and that it takes about 400 milli 
seconds for a driver to depress the acceleration pedal 
from its highest position to the lowest position, then the 
engine will work ten operating cycles while the drive 
depresses the acceleration pedal to the lowest positi .. 
During the depression of the pedal, the time interval for 
fuel injection changes stepwise ten times in accordance 
with change of the pedal position. Therefore, the actual 
ratio of fuel to air is not seriously deviated in any cylin 
der from the ideal ratio. However, if the engine is run 
ning at a low speed range, the deviation from the ideal 
ratio might become not negligible for the following rea 
SOS 

l. The capacitor 673 in the imitative signal generator 
66 discharges with time through the circuit connected 
in parallel therewith and the voltage across the capaci 
tor 673 varies with time resulting in a variation in the 
originally stored level with time. 

2. In a very low speed range of the engine, the period 
of the saw-tooth waveform generated by the saw-tooth 
wave generator 60 is approximately equal to the time 
constant of the integrator constituted by the resistors 
609, 611 and the capacitors 610, 612. As a result, inter 
ference occurs between the saw-tooth waveform and 
the time constant so that the saw-tooth waveform has 
not always a constant magnitude. 

3. The saw-tooth waveform has a small inclination in 
a low speed range of the engine, and the output deliv 
ered from the comparator 680 in the imitative signal 
generator 66 in response to the application of the two 
inputs thereto is greatly affected in respect of time re 
sulting in errors relative to time. 
A second embodiment of the present invention which 

will be described now provides an improvement over 
the first embodiment in this respect. The second em 
bodiment is so arranged that, in a low speed range of 
the engine in which no overlap may occur between the 
periods of time of fuel injection for the individual cylin 
ders, the fuel injection timing signal generator 4 gener 
ates a fuel injection timing signal for supplying same to 
the individual cylinders including the specific cylinder 
and the signal is directly distributed to the individual 



3,890,938 
19 

cylinders for eliminating the errors described above. In 
order that the fuel injection system can operate in the 
manner described above, the following conditions are 
essentially required: 

1. A predetermined value should be taken as a refer 
ence to identify a specific speed range in which an 
overlap may or may not occur between the periods of 
time of fuel injection for the individual cylinders. 

2. If the specific speed range is a low speed range in 
which no overlap may occur, the fuel injection duration 
signal generator 4 generates a fuel injection duration 
signal for supply to the individual cylinders. 

3. If the specific speed range is a high speed range in 
which an overlap may occur, the fuel injection duration 
signal generator 4 generates a fuel injection duration 
signal for supply to the specific cylinder only. 

4. In the low speed range, the fuel injection duration 
signal generated by the fuel injection duration signal 
generator 4 is distributed to the individual cylinders. 

5. In the high speed range, the fuel injection ending 
signal generated by the fuel injection ending signal gen 
erator 6 is used to cease the fuel injection in the indi 
vidual cylinders. 
The second embodiment has a structure as shown in 

FIG. 23 in which it will be seen that an r.p.m. detector 
3, a first discriminator 5, a second discriminator 7 and 
a third discriminator 11 are added to the first embodi 
ment shown in FIG. so that the r. p.m. detector 3 and 
the first discriminator 5 meet the conditions (1), (2) 
and (3) and the second and third discriminators 7 and 
11 meet the conditions (4) and (5) set forth in the 
above. 
Ther.p.m. detector 3 generates a signal proportional 

to the r. p.m. of the engine in response to the output sig 
nal applied from the fuel injection starting signal gener 
ator 2. Upon receiving the output signal of the r. p.m. 
detector 3, the first discriminator 5 discriminates the 
speed range of the engine, either high or low, and ap 
plies a signal representative of the speed range of the 
engine to the second discriminator 7. When the engine 
is rotating in the low speed range, the first discrimina 
tor 5 applies to the fuel injection duration signal gener 
ator 4 a signal corresponding to the input signal applied 
from the fuel injection starting signal generator 2. An 
inverter 12 is connected between the fuel injection 
starting signal generator 2 and the injection starting sig 
nal distributor 9 similarly to the embodiment of FIG. 1. 
Referring to FIG. 24, the first discriminator 5 com 

prises a variable resistor 501 for setting a reference 
voltage, a comparator 502, a coupling resistor 503, an 
amplifying transistor 504, a load resistor 505 for the 
transistor 504, a hysteresis resistor 506, an output cou 
pling resistor 507, a coupling resistor 508, a logic ele 
ment 509, a coupling resistor 510, an amplifying tran 
sistor 511, a load resistor 512 for the transistor 51 1, 
and a coupling capacitor 513. The voltage representa 
tive of ther.p.m. of the engine is applied to an inputter 
minal 5a from the output terminal 3b of the r. p.m. de 
tector 3. An output signal representative of the result 
of discrimination as to the high or low speed range, 
hence the possibility of an overlap or no overlap ap 
pears at an output terminal 5b. The fuel injection start 
ing signal delivered from the fuel injection starting sig 
nal generator 2 is applied to an input terminal 5c. An 
output signal corresponding to the fuel injection start 
ing signal applied from the fuel injection starting signal 
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generator 2 appears at an output terminal 5e depending 
on the result of discrimination. 

In operation, a voltage corresponding to a predeter 
mined r.p.m. of the engine is applied to one of the input 
terminals of the comparator 502 from the variable re 
sistor 501, while a voltage representative of the actual 
r.p.m. of the engine is applied to the other input termi 
mal of the comparator 502 from the r. p.m. detector 3, 
and these two voltages are compared with each other 
in the comparator 502 so that a positive signal and a 
negative signal appear at the output terminal of the 
comparator 502, hence at the output terminal 5b, de 
pending on the low speed range and the high speed 
range, respectively, of the engine thereby to discrimi 
nate between the high and the low speed range. The 
signal delivered from the comparator 502 is amplified 
by the transistor 504 to be applied to one of the input 
terminals of the logic element 509. The hysteresis resis 
tor 506 provides a hysteresis so as to prevent hunting 
at the change-over point between the high and low 
speed ranges. The fuel injection starting signal gener 
ated by the fuel injection starting signal generator 2 is 
applied to the other input terminal of the logic element 
509 which takes the logical product of the fuel injec 
tion starting signal and the signal applied from the com 
parator 502. Thus, in the low speed range of the engine, 
a signal corresponding to the fuel injection starting sig 
nal applied from the fuel injection starting signal gener 
ator 2 appears at the output terminal 5e through the ca 
pacitor 513. On the contrary, no signal appears through 
the capacitor 513 at the output terminal 5e in the high 
speed range of the engine. It will thus be seen that the 
first discriminator 5 delivers an output signal corre 
sponding to the fuel injection starting signal applied 
from the fuel injection starting signal generator 2 only 
when the engine is in its low speed range, and such out 
put signal is applied from the output terminal 5e to the 
input terminal 4a of the fuel injection duration signal 
generator 4. Therefore, in the low speed range of the 
engine, both the output signal of the fuel injection start 
ing signal generator 1 for the specific cylinder and the 
output signal of the first discriminator 5 corresponding 
to the output signal of the fuel injection starting signal 
generator 2 are applied to the fuel injection duration 
signal generator 4 so that it operates in a manner as 
previously described to generate a fuel injection dura 
tion signal for the individual cyclinders to apply same 
to the second and third discriminators 7 and 11 from 
the output terminal 4b. In response to the application 
of the signal from the fuel injection starting signal gen 
erator 1 for the specific cylinder and the fuel injection 
duration signal from the fuel injection duration signal 
generator 4, the third discriminator 11 selects the fuel 
injection duration signal for the specific cylinder and 
detects the end of this signal thereby to apply a pulse 
signal to the fuel injection ending signal distributor 8. 
A fuel injection ending signal for the individual cylin 
ders is applied to the input terminal 8B of the fuel injec 
tion ending signal distributor 8 from the second dis 
criminator 7 in a manner as will be described later, and 
the fuel injection ending signal for the specific cylinder 
applied from the third discriminator 11 is used as a ref 
erence to discriminate as to which signal is to be di 
rected to which cylinder. 

Referring to FIG. 25, the second discriminator 7 
comprises a signal inverting transistor 701, a first dis 
criminating transistor 702, a bias resistor 703 and a 
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load resistor 704 for the transistor 702, a coupling re 
sistor 705, a load resistor 706 for the transistor 701, a 
first output transistor 707, a load resistor 708 for the 
transistor 707, a second discriminating transistor 709, 
a bias resistor 710 for the transistor 709, a coupling re 
sistor 711, a second output transistor 712, and a bias 
resistor 713 for the transistor 712. Input terminals 7a 
and 7h are connected to the output terminal 5h of the 
first discriminator 5 shown in FIG. 24. Another input 
terminal 7c is connected to the output terminal 4b of 
the fuel injection duration signal generator shown in 
FIG. 6. A further input terminal 7d is connected to the 
output terminal 6i of the imitative signal generator 66 
shown in FIG. I.1. The second discriminator 7 has a sig 
nal output terminal 7e. 

In operation, the transistor 701 conducts and the 
transistor 702 is cut off in response to the application 
of the positive signal appearing at the output terminal 
5h of the first discriminator 5 to the input terminal 7a 
in the low speed range of the engine. Thus, the output 
signal of the fuel injection duration signal generator 4 
is applied directly to the base of the transistor 707 
through the input terminal 6c, and the transistor 707 is 
repeatedly urged to conduct and cut off in response to 
the signal applied to the input terminal 7c. On the other 
hand, the transistor 709 is conducting due to the fact 
that the positive voltage is also applied to the input ter 
minal 7b. Since the transistor 709 is conducting, the 
output signal of the imitative signal generator 66 ap 
plied to the input terminal 7d is shorted to ground 
across the collector and emitter of the transistor. 709 
before being applied to the base of the transistor 712, 
and as a result, the fuel injection duration signal ap 
plied to the input terminal 7c from the fuel injection 
duration signal generator 4 appears in an inverted form 
across the resistor 708, hence at the output terminal 7e. 

In the high speed range of the engine, a negative volt 
age is applied to the input terminals 7a and 7h of the 
second discriminator 7. Due to the application of the 
negative voltage, the transistor 701 is cut off and the 
transistor 702 conducts with the result that the signal 
applied to the input terminal 7c is shorted to ground 
across the collector and emitter of the transistor 702. 
On the other hand, due to the fact that the negative sig 
nal is applied to the input terminal 7b, the transistor 
709 is cut off and the transistor 712 is urged to conduct 
and cut off in response to the output signal of the Imita 
tive signal generator 66 applied to the input terminal 
7d. As a result, the input signal applied to the input ter 
minal 7d appears in an inverted form at the output ter 
minal 7e. 

it will be seen that the output signal of the fuel injec 
tion duration signal generator 4 appears at the output 
terminal 7e as the output signal of the second discrimi 
nator 7 when the engine is in its low speed range, while 
the output signal of the fuel injection ending signal gen 
erator 6 appears at the output terminal 7e as the output 
signal of the second discriminator 7 when the engine is 
in the high speed range in which the period of time of 
fuel injection for one cylinder may overlap that for an 
other cyclinder. By virtue of the operation of the sec 
ond discriminator 7 in the manner described above, it 
is possible to eliminate th inaccuracy of the fuel injec 
tion ending signal due to the small inclination and fluc 
tuation in magnitude, etc. of the saw-tooth waveform 
generated by the saw-tooth wave generator 60 in a low 
r.p.m. range of the engine and the fuel injection signal 
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22 
can be maintained stable throughout the entire operat 
ing conditions of the engine ranging from the starting 
up to its maximum speed. 
The third discriminator 11 comprises a bistable cir 

cuit which is reset by the output signal of the fuel injec 
tion starting signal generator 1 for the specific cyclin 
der and generates a signal in response to the end or fall 
ing point of the fuel injection duration signal generated 
by the fuel injection duration signal generator 4. The 
third discriminator 11 can be realized by a flip-flop cir 
cuit as shown in FIG. 26. Referring to FIG. 26, the fuel 
injection starting signal for the specific cylinder and the 
fuel injection duration signal are simultaneously ap 
plied to respective input terminals 1 ia and 1 lb. A sili 
con controlled rectifier 1101 conducts in response to 
the application of the fuel injection starting signal for 
the specific cyclinder to the input terminals 11a, and 
simultaneously a transistor 1102 conducts in response 
to the application of the fuel injection duration signal 
to the input terminal 11b. As a result, the potential at 
a point g is reduced to substantially ground potential. 
The pulse of the fuel injection starting signal for the 
specific cylinder soon disappears, but the silicon con 
trolled rectifier 1101 remains in the conducting state. 
After a predetermined period of time of fuel injection, 
the fuel injection duration signal disappears to cut off 
the transistor 1102 and the potential at the point g 
starts to rise again. Thus, in response to the simulta 
neous application of the fuel injection starting signal 
for the specific cylinder and the fuel injection duration 
signal, a rectangular waveform which lasts for a period 
of time corresponding to the predetermined duration of 
fuel injection appears at the point g. This rectangular 
waveform is differentiated by a differentiator com 
posed of a capacitor 1103 and a resistor 104 so as to 
derive a negative and a positive pulse at the rising point 
and the falling point, respectively, of the rectangular 
waveform. This pulse signal appears at an output termi 
nal 11c to be applied to the fuel injection ending signal 
distributor 8. 
We claim: 
1. A system for electrically controlling fuel injection 

in a multi-cylinder internal combustion engine com 
prising in combination: 
a first starting signal generator for generating a first 

fuel injection starting signal at a predetermined 
angle in each cycle of operation of a selected refer 
ence cylinder, said starting signal being generated 
in synchronism with the rotation of said engine, 

a second starting signal generator for generating a 
plurality of succeeding fuel injection starting sig 
nals in synchronism with the rotation of said en 
gine, each of said succeeding fuel injection starting 
signals defining the time at which fuel injection to 
a corresponding one of the remaining cylinders in 
said engine is initiated, 

a duration signal generator connected to said first 
starting signal generator for generating a fuel injec 
tion duration signal, said signal having a time dura 
tion proportional to the quantity of fuel to be in 
jected into said cylinders, 

an ending signal generator connected to said second 
starting signal generator and to said duration signal 
generator for generating fuel injection termination 
signals, each of said signals defining the time at 
which fuel injection to a corresponding one of the 
cylinders is terminated, said ending signal genera 
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tor comprising means for generating a saw-tooth 
waveform in synchronism with said succeeding fuel 
injection starting signals, means responsive to said 
duration signal for generating a duration signal ter 
mination signal, and means responsive to said saw 
tooth waveform and said duration termination sig 
nal for generating fuel injection termination signals 
for each of said cylinders, 

a fuel injection termination signal distributor con 
nected to said ending signal generator for distribut 
ing said fuel injection termination signals succes 
sively to each of said cylinders in a predetermined 
order, and 

a starting signal distributor connected to said first 
and second starting signal generators for distribut 
ing said succeeding fuel injection starting signals to 
said cylinders in said predetermined order. 

2. A system for electrically controlling fuel injection 
in a multi-cylinder internal combustion engine com 
prising: 
a first starting signal generator for generating a first 

fuel injection starting signal at a predetermined 
angle in each cycle of operation of a selected refer 
ence cylinder, said starting signal being generated 
in synchronism with the rotation of said engine, 

a second starting signal generator for generating a 
plurality of succeeding fuel injection starting sig 
nals in synchronism with the rotation of said en 
gine, each of said succeeding fuel injection starting 
signals defining the time at which fuel injection to 
a corresponding one of the remaining cylinders in 
said engine is initiated, 

a duration signal generator connected to said first 
starting signal generator for generating a fuel injec 
tion duration signal, said duration signal having a 
time duration which varies with at least one operat 
ing parameter of said engine, 

an ending signal generator connected to said second 
starting signal generator and said duration signal 
generator for generating fuel injection termination 
signals, each of said termination signals defining 
the time at which fuel injection to a corresponding 
one of the cylinders is terminated, said ending sig 
nal generator comprising means for generating a 
saw-tooth waveform in synchronism with said suc 
ceeding fuel injection starting signals, means re 
sponsive to said duration signal for generating a du 
ration signal termination signal, and means respon 
sive to said saw-tooth waveform and said fuel injec 
tion termination signal for memorizing the level of 
said saw-tooth waveform when said termination 
signal for said selected reference cylinder is gener 
ated, and means for generating said fuel injection 
termination signals for each of said succeeding cyl 
inders when the saw-tooth waveform reaches said 
memorized level, 

a fuel injection termination signal distributor con 
nected to said ending signal generator for distribut 
ing said fuel injection termination signals succes 
sively to each of said cylinders in a predetermined 
order, and 

a starting signal distributor connected to said first 
and second starting signal generators for distribut 
ing said succeeding fuel injection starting signals to 
said cylinders in said predetermined order. 

3. The system as recited in claim 1, in which said first 
starting signal generator comprises means for generat 
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ing a signal at a predetermined position in the operating 
cycle of the specific cylinder, and means for subjecting 
said signal to wave shaping to obtain a pulse signal. 

4. The system as recited in claim 1, in which said sec 
cond starting signal generator comprises means for gen 
erating a signal at a predetermined position in the oper 
ating cycle of the individual cylinders, and means for 
subjecting said signal to wave shaping to obtain a pulse 
signal. 

5. The system as recited in claim , in which said du 
ration signal generator comprises means for generating 
a saw-tooth waveform having a fixed time constant in 
response to the application of a pulse signal input, and 
means for generating a rectangular waveform the dura 
tion of which ranges from the rising point of said saw - 
tooth waveform to a point at which said saw-tooth 
waveform attains a predetermined level. 

6. The system as recited in claim 1, in which said end 
ing signal distributor comprises a plurality of ending 
signal distributing means connected in cascade, the 
number of said distributing means being equal to the 
number of the cylinders, and said ending signal distrib 
uting means disposed in the first stage operates in re 
sponse to a first input pulse signal, while the remainder 
of said ending signal distributing means disposed in the 
second and following stages operate sequentially in re 
sponse to a second input pulse signal. 

7. The system as recited in claim 1, in which said 
starting signal distributor comprises a plurality starting 
signal distributing means connected in cascade, the 
number of said distributing means being equal to the 
number of the cylinders, and said starting signal distrib 
uting means disposed in the first stage operates in re 
sponse to a first input pulse signal, while the remainder 
of said starting signal distributing means disposed in the 
second and following stages operate sequentially in re 
sponse to a second input pulse signal. 

8. The system as recited in claim 1, which comprises 
further a first discriminator for applying to said dura 
tion signal generator a signal generated by said second 
starting signal generator in a low speed range of the en 
gine which is lower than a predetermined speed, and a 
second discriminator for producing a ending signal for 
the individual cylinders on the basis of the duration sig 
nal generated by said duration signal generator in the 
low speed range. 

9. The system as recited in claim 8, in which said first 
discriminator comprises a comparator for discriminat 
ing whether the speed of the engine is higher or lower 
than the predetermined speed, and a NAND circuit for 
controlling the passage of the input signal applied from 
said second starting signal generator depending on the 
result of discrimination by said comparator. 

10. The system as recited in claim 8, in which said 
first discriminator generates a high speed range signal 
or a low speed range signal by discriminating whether 
the speed of the engine is higher or lower than the pre 
determined speed, and said second discriminator oper 
ates in such a manner that, when applied with the high 
speed range signal, the input signal applied from sand 
ending signal generator appears at the output terminal 
as an output signal, while when applied with the low 
speed range signal, the input signal applied from said 
duration signal generator appears at the output termi 
nal as an output signal. 

11. The system as recited in claim 8, which comprises 
further a third discriminator which, in response to the 
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output signal delivered from said first starting signal 
generator and the output signal delivered from said fuel 
injection duration signal generator, selects the duration 
signal for the specific cylinder from the duration signal 
applied from said duration signal generator and detects 
the switching point of the duration signal so selected, 
and the output from said third discriminator is applied 
to said ending signal distributor to be utilized as a refer 
ence for the distribution of the ending signal. 

12. The system as recited in claim. 11, in which said 
third discriminator comprises a bistable multivibrator 
which is reset by the input signal applied from said first 
starting signal generator and is triggered by the input 
signal applied from said duration signal generator. 

13. The system as recited in claim 8, which comprises 
a fuel injection circuit for producing a signal for the in 
dividual cylinders in response to the application of the 
output signals delivered from said ending signal distrib 
utor and said signal distributor. 

14. The system as recited in claim 13, in which said 
fuel injection circuit comprises a plurality of fuel injec 
tion means each including a solenoid operated fuel in 
jection valve associated with the corresponding cylin 
der a control element for energizing said fuel injection 
valve, and another control element for deenergizing 
said fuel injection valve. . 

15. The system as recited in claim 2, 
first starting signal generator comprises: 

a first generator for generating a first signal at a pre 
determined position in the operating cycle of the 
specific cylinder, and 

first means connected in circuit with said first genera 
tor for producing the signal initiating the fuel injec 
tion starting timing for the specific cylinder by 
wave-shaping and differentiating said first signal, 
and 

said second starting signal generator comprises: 
a second generator for generating second signals 
each produced at a predetermined position in each 
of the operating cycles of the individual cylinders, 
and 

second means connected in circuit with said second 
generator for producing said starting signals for the 
individual cylinders by wave-shaping and differen 
tiating said second signals. 

16. The system as recited in claim 2, in which said 
first starting signal generator comprises 
means connected in circuit with said second starting 

signal generator for producing said signal of said 
first starting signal generator in synchronism with 
a specific one of the starting signals of said second 
fuel injection starting generator corresponding to 
the specific cylinder. 

17. The system as recited in claim 2, in which said du 
ration signal generator comprises: 
a saw-tooth wave generator connecting in circuit 
with said first starting signal generator for generat 
ing a saw-tooth waveform having a fixed gradient 
in response to application of the signal of said first 
starting signal generator, and 

means connected in circuit with said saw-tooth wave 
generator for generating said duration signal of a 
rectangular waveform, the duration of which 
ranges from the rising point of said saw-tooth wave 
form to a point where said saw-tooth waveform 
reaches a level determined by at least one operat 
ing parameter of the engine. 

in which said 
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18. The system as recited in claim 2, in which said 

ending signal distributor comprises: 
a plurality of ending signal distributing circuits which 
are connected one another in a ring counter mode 
and whose number is equal to the number of the 
cylinders, 

a predetermined specific one of said distributing cir 
cuits having an input terminal connected in circuit 
to said ending signal generator for receiving the 
end signal for the specific cylinder and an output 
terminal connected in circuit to said fuel injection 
means, 

the remaining distributing circuits each having an 
input terminal connected in circuit to said fuel in 
jection signal generator together with the input ter 
minals of the other remaining distributing circuits 
for receiving the end signals for the individual cyl 
inders and an output terminal connected in circuit 
individually to said fuel injection means, 

each of said distributing circuits being switched upon 
application of one of the ending signals to its input 
terminal, from a first state to a second state thereby 
producing at its output terminal an output signal 
indicative of the fuel injection ending time of the 
corresponding one of the cylinders only when the 
preceding distributing circuit is at the second state, 
and being switched from the second state to the 
first state when the succeeding distributing circuit 
is switched from the first state to the second state. 

19. The system as recited in claim 2, in which said 
starting signal distributor comprises: 

a plurality of starting signal distributing circuits 
which are connected one another in a ring counter 
mode and whose number is equal to the number of 
cylinders; 

a predetermined specific one of said distributing cir 
cuits having an input terminal connected in circuit 
to said first starting signal generator for receiving 
the starting signal for the specific cylinder and an 
output terminal connected in circuit to said fuel in 
jection means, 

the remaining distributing circuits each having an 
input terminal connected in circuit to said second 
starting signal generator together with the input 
terminals of other remaining distributing circuits 
for receiving the starting signals for the individual 
cylinders and an output terminal connected in cir 
cuit individually to said fuel injection means, 

each of said distributing circuits being switched upon 
application of one of the starting signals to its input 
terminal, from a first state to a second state thereby 
producing at its output terminal an output signal 
indicative of the fuel injection starting time of the 
corresponding one of the cylinders only when the 
preceding distributing circuit is at the second state, 
and being switched from the second state to the 
first state when the succeeding distributing circuit 
is switched from the first state to the second state. 

20. The system as recited in claim 2, further compris 
ing: 
a first discriminator connected in circuit between 

said second starting signal generator and the input 
terminal of said duration signal generator for ap 
plying the starting signals for the individual cylin 
ders to said duration signal generator when the en 
gine speed is lower than a predetermined value, 
whereby said duration signal generator generates 
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the fuel injection duration signals for the individual 
cylinders on the basis of said starting signals ap 
plied thereto, and further generating a high speed 
signal when the engine speed is higher than said 

28 
duced from said second starting signal generator, in 
which said first discriminator comprises: 

a comparator connected in circuit with said RPM de 
tector for comparing said voltage signal with a ref. 

predetermined value, 5 erence voltage signal representative of said prede 
a second discriminator connected in circuit with said termined value of the engine speed, and for gener 
duration signal generator for producing signals on ating said high speed signal when said voltage sig 
the basis of said fuel injection duration signals for nal is higher than said reference voltage signal, and 
the individual cylinders, said signals being applica- generating a low speed signal when said voltage sig 
ble to said ending signal distributor in place of said () nal is lower than said reference voltage signal, 
ending signals produced by said ending signal gen- a logical product circuit connected in circuit with 
erator, said comparator and said second starting signal 

said second discriminator further connected in cir- generator for applying said starting signals to said 
cuit between said fuel injection ending signal gen- duration signal generator when said low speed sig 
erator and said fuel injection ending signal distribu- 15 nal and said starting signals are simultaneously ap 
tor and in circuit with said first discriminator for plied thereto. 
applying said signals produced by said ending sig- 22. The system as recited in claim 20, further com 
nal generator from being supplied to said ending prising: 
signal distributor when said high speed signal is not a third discriminator connected in circuit between 
applied thereto, and for permitting said ending sig- 20 said duration signal generator and said ending sig 
nals to be applied to said ending signal distributor 
when said high speed signal is applied thereto. 

nal distributor for applying an ending signal for the 
specific cylinder to said ending signal distributor, 
said ending signal for the specific cylinder being 
produced by detecting the falling point of said du 
ration signal for the specific cylinder selected from 

21. The system as recited in claim 20, further com 
prising: 
an r.p.m. detector connected in circuit with said sec- 25 
ond starting signal generator for producing a volt 
age signal proportional to the engine speed by de 
tecting the number of said starting signals pro 
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said duration signals applied from said duration sig 
nal generator. 
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