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ELECTRONIC FUEL INJECTION CONTROL
SYSTEM

The present invention relates to an electronic fuel in-
jection control system for an engine which may be em-
ployed in a motor vehicle such as an automobile.

Many prior art attempts have been made to optimally
“control fuel injection in response to sensed engine op-
erating parameters, but have proven unsatisfactory. A
common drawback in prior art electronic fuel injection
- control systems is that they are based on an analog de-
sign, and are therefore subject to inaccuracies resulting
from changes in component performance due to varia-
tions in ambient conditions.

It is therefore an object of the invention to provide
an electronic fuel injection control system for an en-
gine which is reliable and accurate in performance and
overcomes the drawbacks of the prior art.

. This and other objects, advantages and features of
the present invention will become more apparent from
the following description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a graph illustrating a basic design principle
of the invention;

FIG. 2 is a simplified block diagram of the invention;

FIG. 3 is a detailed block diagram of a preferred em-
bodiment of the invention;

FIG. 4 is a timing chart for the embodiment of FIG.
3

FIG. 5 is a schematic diagram of an example of an in-
take vacuum sensor according to the invention;

FIG. 6 is a schematic diagram of a pulse generator ac-
cording to the invention,

FIG. 7 is'a graph showing the performance of the
pulse generator of FIG. 6;

FIG. 8 is a schematic diagram of acceleratlon signal
generators shown in FIG. 3.

FIG. 9 is a timing chart illustrating signals generated
by the acceleration signal generators shown in FIG. 8;
and

FIG. 10 is a block dlagram of a fuel shut-off system
shown in FIG. 3.

An engine to which the invention is directed has a
fuel injection pump which supplies fuel under a prede-
termined constant pressure to a fuel injection valve.
The amount of fuel injected into the engine is thus pro-
portional to the length of time the fuel injection valve
is open. It has been determined experimentally that the
optimum duration for fuel injection is a primary func-
tion of engine intake vacuum (sensed, for example, at
the intake manifold), and a secondary function of other
engine operating parameters. .

Referring to FIG. 1, optimum fuel injection duration
T is shown as a function of intake vacuum P for a typi-
cal engine. As is seen, the optimum fuel injection dura-
tion T lies within a range between solid lines D and E,
since it is a function of other parameters in addition to
intake vacuum P. The optimum fuel injection duration
T can be approximated as a function of intake vacuum
alone by broken lines A and B which intersect at a
point C as shown. The slope of the line A is steeper
than that of the line B.

FIG. 2 shows the overall configuration of the inven-
tion. Intake vacuum, the primary parameter, and sec-
ondary parameters such as engine speed, engine tem-
perature, and throttle velocity are sensed as will be de-
scribed below. An electric primary analog signal 370
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having a voltage proportional to the intake vacuum is
fed into a primary or P-pulse generator 311. Electric
analog signals, an engine temperature signal 371, en-
gine speed signal 372 and throttle velocity signal 373,
proportional to the respective parameters, are fed into
a functional adder-310. The P-pulse generator 311 pro-
duces an electric primary pulse signal 376 having a
pulse width analogous to the voltage of the signal 370.
The adder 310 produces an electric secondary analog
signal 369 which has a voltage analogous to the sum of
predetermined functions of the signals 371, 372 and
373. The signal 369 is fed into a secondary or S-pulse
generator 312, which in turn produces an electric sec-
ondary pulse signal 377. The signals 376 and 377 are
then fed into an electronic computing circuit (not des-
ignated) which controls an injection pulse generator
(not designated) to generate an injection pulse signal
330 having a duration which is a predetermined func-
tion of the signals 376 and 377. Generation of the sig-
nal 330 begins when a synchronizing signal 384 is re-
ceived from an engine unit such as a distributor, in
order to initiate fuel injection at a proper timing in the
engine operating cycle. Thus, the timing and duration
of fuel injection are optimally controlled by an elec-
tronic fuel injection control system embodying the in- -
vention.

FIG. 3 shows the FIG. 2 embodiment of the invention
in more detail. An intake vacuum sensor 300 senses the
engine intake vacuum such as at the intake manifold,
and feeds the signal 370 into the P-pulse generator 311.
An engine temperature sensor 301, engine speed sen-
sor 302 and a throttle opening sensor 303 suitably
sense the respective parameters and feed the signals
371, 372 and 373 respectively into the functional adder
310. A detailed explanation of the signal 373. will fol-
low. The adder 310 generates the signal 369, which is
the sum of selected functions of the voltages of the sig-
nals 371, 372 and 373, and feeds it into the S-pulse gen-
erator 312. These selected functions are dependent on
individual engine design, must be determined experi-
mentally, and a detailed discussion thereof will be omit-
ted for the sake of simplicity. '

A clock pulse generator 350 generates mode control
pulses 340, which are fed into a timing control circuit
351. The circuit 351 then generates at its output trigger
pulses 341 and 342, a clear signal 343, P-latch and S-
latch signals 345 and 346, and encoder control pulses
391 and 392 respectively which will be described in de-
tail below. Referring also to FIG. 4, which is a timing
chart of important electric signals, the signals 341 and
342 are alternately fed into the generators 311 and 312
respectively, which generate a primary pulse signal 376
and a secondary pulse signal 377 upon receipt of the
signals 341 and 342. The signals 376 and 377 have
pulse widths analogous to the voltages of the signals
370 and 369 and are respectively fed into an OR gate
353. The generator 350 also generates constant fre-
quency clock pulses 378 which are fed into an opera-
tional multiplier or variable frequency divider 352.
Variable frequency count pulses 379 are fed from the
divider 352 into an AND gate 354, into which an out-
put signal 325 of the gate 353 is also fed.

When outputs from the gate 353 and the divider 352
are simultaneously received at the inputs of the gate
354, an output 380 will be fed into a counter 355 which
will count the count pulses 379 from the divider 352 for
the duration of the signals 376 and 377. During a P-
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" mode period (see FIG. 4) of the signal 340, the count
pulses 379 will be counted forthe duration of the-signal
376, and the total count will be transferred to a P-latch
356. During an S-mode period of the signal 340, the
count pulses 379 will be counted for the duration of the
signal 377, and the total count will be transferred to.an
S-latch 358 through an encoder 390. The operation, as
shown in FIG. 4, is carried out under the control of the
encoder control pulses 391 and 302 fed into the en-
coder 390 and an encoder 366 respectively. Thus, it
will be understood that the total count of the counter
355 for the duration of the signal 376 is equal to the
pulse width of the signal 376 multiplied by the fre-
quency of the count pulses 379, and analogous to the
sensed intake vacuum multiplied by a selected factor.

An output 381 of the. counter 355 is fed into a slope
selector 367, which senses the value of the output 381
(analogous to the intake vacuum) during the P-mode
period. The selector 367 feeds a signal (not designated)
into the encoder 366 which has a predetermined value
if the intake vacuum is higher than, for example 100
mmHg (corresponding to 3.5 ms fuel injection dura-
tion), and another predetermmed value if the vacuum
is lower than 100 mmHg.

Referring back to FIG. 1, the exemplary intake vac-
uum value of 100-mmHg corresponds to the point C,
and A and B are straight lines. Thus, the optimum fuel
injection duration T, as represented by the lines A and
B, can be expressed as .

T=K,P for 0 < P < 100 mmHg and (1)

T = K,P for 100 mmHg < P <

where K, and Kz are constants.

An output (not designated) of the encoder 366 is fed
into divider 352 to control the frequency division ratio
thereof. The outputs of the selector 367 and encoder

366 are arranged that in response to the sensed level of

the output 381 from the counter 355 by the selector
367, the frequency of the count pulses 379 is X, or K,
for heavy load operation (the line A) and light load op-
eration (the line B) respectively, in accordance with
-equations (1) and (2). Although FIG. 1 shows the opti-
mum fuel injection duration T as being approx1mated
by the two straight lines A and B, it may be approxi-
- mated by three or more straight lines or a curve within
.the scope of the invention. A similar operation takes
place during the C-mode period, except that if desired,
" the divider 352 may be controlled by the encoder 366
/in response to the pulse 392 to generate the count
pulses 379 at a constant frequency during the S-mode
period independent of the value of P. Thus, it will be
seen that the generator 350, divider 352, AND gate
354, counter 355, selector 367, and encoder 366 con-
stitute a pulse train generator (no numeral) responsive
to the primary and secondary pulse signals 376 and 377
respectively, operative to alternately generate primary
and secondary pulse train signals (no numerals) respec-
tively, the primary pulse train signal havmg a first num-
ber of pulses (no numeral) which is a first predeter-
mined function of the pulse width of the primary pulse
signal 376, and the secondary pulse train signal having
a second number of pulses (no numeral) which is a sec-
ond predetermined function of the pulse width of the
secondary pulse signal 377, the pnmary and secondary
pulse train signals being stored in the latches 356 and
358 respectively.
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An output (no numeral) of the P-latch 356 is fed into
a decremental counter 357, which initially attains a
count equal to the first number of pulse, and thereafter
counts downward to zero in response to clock pulses
382 fed thereinto from a variable. frequency divider
359, which is similar to the divider 352. Pulses (no nu-
meral). from a real time clock 344 are fed into the di-
vider 359 to produce the pulses 382. An output (no nu-
meral) of the S-latch 358 is also fed into the divider
359. The frequency division ratio of the divider 359 is
controlled in a manner similar to that of the divider
352, such that the frequency of the clock pulses 382 is
a third predetermined function of the second number
of pulses. The real time clock 344 and the divider 359
thus constitute a variable clock pulse generator (no nu-
meral) responsive to the secondary pulse train signal to
generate the clock pulses 382 at a frequency which is
the third predetermined function of the second number
of pulses.

The synchromzmg signal 384 from the engine is fed .
into the counter 357 and also into a flip-flop 360. A
count signal 383 is fed from the counter 357 into the
flip-flop 360. The counter 357, initialized .to the first
number of pulsés, begins to count downward to zero
upon receipt of the signal 384, and the counting speed
is determined by the frequency of the clock pulses 382.
The signal 384 also sets the flip-flop 360 to a high logic
level (not designated). The count signal 383 is gener-
ated as long as the counting operation'of the counter
357 is being performed, and is terminated when the
content of the counter 357 reaches zero. At this time,
termination of the sigrial 383 causes the flip-flop 360 to
be reset to a low logic level (not desiganted). Thus, an
output signal 331 of the flip-flop 360 fed into an OR
gate 362 is logically high for the duration of the count-
ing operation of the counter 357.

Thus, the ﬂlp-ﬂop 360 acts as the injection pulse gen-
erator described in reference to FIG. 2. - .

It will be seen that the length of time required for the
counting operation of the counter 357 is equal to the -
initial content multiplied by the frequency of count
pulses 382. The counter 357 is thus responsive to the
synchronizing signal 384, the primary pulse train signal

‘and the clock pulses 382, and is operative to count the

first number of pulses at the frequency of the clock
pulses 382. In this manner, a duration J of the high
logic level output signal 331 of the flip-flop 360 (injec-
tion pulse generator) is

J=fi(P) X fslfo(a, n, 9)]
(3)

where a is the engine temperature, n is the engine
speed, 8 is the throttle opening, and f;, f; and f; are the
first, second and third predetermined function respec-
tively.

Another output (not designated) of the flip-flop 360
is fed into AND gate 364 and 365. The P-latch signal
345 is fed into the gate 364 and the S-latch signal 346
is .-fed into the gate 365. By this arrangement, the
latches 356 and 358 are inhibited in ‘order to retain -
their contents while the counting operation of the
counter 357 is being performed.

It will be noticed that the pulse train generator, vari-
able clock pulse generator and counter of FIG. 3 con-
stitute the electronic computing circuit of FIG. 2.
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The invention may also include an acceleration com-
pensation system to enrich the air-fuel mixture during
acceleration, which includes a power source (not
shown), the throttle opening sensor 303, first and sec-
ond acceleration signal generators 313 and 314 respec-
tively, and the OR gate 362. The generators 313 and
314 are shown in FIG. 8, and a timing chart thereof is
presented in FIG. 9. The generators shown in FIG. 8
are exemplary, and all components are connected as
shown. The sensor 303 (FIG. 3) may be a potentiom-
eter, piezo-electric element, or any other device which
produces a voltage proportional to the position of the
engine throttle valve. The output of the sensor 303 is
a throttle position signal 304, which is applied in paral-
lel to the inputs of the first and second acceleration sig-
nal generators 313 and 314. A capacitor C; and a resis-
tor Ry of the generator 313 constitute a differentiating
circuit (no numeral). A circuit comprising transistors
Q, and Qs is a Schmitt trigger, and a circuit comprising
transistors Qg, Q; and Qg is an astable multivibrator (no
numerals). In operation, the throttle position signal 304
(FIG. 7(a)) is differentiated by the differentiating cir-
cuit to produce a throttle velocity signal (FIG. 7(d)),
which is indicative of an operator’s demand to acceler-
ate his engine. If the voltage of the throttle velocity sig-
nal is above a threshold level L. (FIG. 7(b)) of the
Schmitt trigger, the Schmitt trigger will produce an out-
put as shown in FIG. 7(c). If this output is received by
the astable multivibrator, it will generate a first acceler-
ation signal 374 (FIG. 7(d)) which is consequently fed
into the OR gate 362. Thus, the gate 362 will produce
an output signal 332 in response to at least one of the
signal 331 from the flip-flop 360 and the signal 374.

The output of the Schmitt trigger is also applied to a
base of a transistor Q,; of the second acceleration sig-
nal generator 314, the emitter of which is connected
through a resistor Ry; to a capacitor Cg. In operation,
if the Schmitt trigger produces an output, the capacitor
C; begins to charge, and if the Schmitt trigger output
is interrupted, the capacitor Cg begins to discharge. In
this manner, an output is produced by the generator
314 which is the second acceleration signal 373 shown
in FIG. 7(g), which is fed to the adder 310. (FIGS. 7(¢)
and 7(f) show the effects of the signals 373 and 374 on
the signal 331, Unhatched pulses represent the output
signal 331 of the flip-flop 360, and hatched pulses are
those of the signal 374 which are not coincident with
the flip-flop 360 output signal 331. As is clearly seen,
the fuel injection duration J is properly increased dur-
ing engine acceleration.

If desired, the invention may further comprise a fuel
shut-off system to inhibit fuel injection during decelera-
tion to reduce the levels of pollutive substances emitted
from the engine. An example is shown in FIGS. 3 and
10, which comprises a fuel cut-off signal generator 3185,
a NOT gate 361 and an AND gate 363. The signal 304
from the throttle opening sensor 303 is fed in parallel
into a closed throttle sensor 320 and a differentiator
321 of the generator 315, outputs of which are con-
nected to inputs of an OR gate 324. The sensor 320
generates an output signal when the engine throttle is
fully closed, and the differentiator 321 differentiates
the signal 304 to obtain the throttle velocity, and pro-
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duces an output signal if the throttle is being moved to-

ward a closed position at a velocity greater than a cer-
tain value.

6

The OR gate 324 thus produces an output signal in
response to at least one of these conditions, which is
fed into an AND gate 323. The signal 373 from the en-
gine speed sensor 302 is fed into an engine speed level
detector 322, which feeds an output signal into the
AND gate 323 if the sensed engine speed is above a se-
lected value. The AND gate 323 thus produces an out-
put signal if the engine speed is above the selected level
and the throttle is closed or being closed rapidly. The
output of the AND gate 323 is inverted by a NOT gate
361 to produce a fuel shut-off signal 375 which is fed
into the AND gate 363. The gate 363 thus produces the
injection pulse signal 330 if the signal 332 is present
and the signal 375 is not present. If desired, the detec-
tor 322 may have a hystersis characteristic as known in
the art and shown in FIG. 10.

A preferred example of the intake vacuum sensor
300 is shown in FIG. 5, in which resistors 333 to 336
and a differential amplifier 337 are connected to the
power source.as shown. The resistors 333 to 336 are .
connected in a bridge arrangement such that the resis-
tors 334 and 335 are of equal value, and a potential dif-
ference is produced across leads 338 and 339 propor-
tional to the difference in the values of the resistors 333
and 336, as is well known in the art. The resistor 333
may be piezo-electric may comprise an intake vacuum
actuated diaphragm connected to a potentiometer, or
may compris¢ any other means which has a resistance
value which varies in proportion to pressure. The out-
put of the differential amplifier 337 is the signal 370 de-
scribed in detail above.

FIGS. 6 and 7 show the configuration and operation
of a preferred example of the generators 311 and 312,
in which the P-pulse generator 311 only is shown for
simplicity. Transistors Q,, Q, and Q; and other circuit
components are connected to the power source as
shown. In operation, the primary analog signal 370 is
continuously received, and if the trigger pulse 341 is
not being received, the transistor Q, is turned off (non-
conducting), and the transistors Q, and Qs are turned
on. Thus, the level of the primary pulse signal 376
which is the output of the generator 311 is substantially
zero. When the trigger pulse 341 is received, the poten-
tial at the base of the transistor Qg (or a junction 326)
drops in proportion to the level of the signal 370, In re-
sponse, a constant current is caused to flow through the
transistor Q,, the capacitor C, and the transistor Q,
(the transistor Q, is adapted to provide constant cur-
rent flow therethrough), and the transistor Q, is there-
fore turned on and the. transistor Q, turned off, The
level of the signal 376 is thus high, as shown in FIG. 7.
The capacitor C, charges until the potential at the junc-
tion 326 rises to zero, as shown in FIG. 7, at which time
the level of the signal 376 drops again to substantially
zero. In this way, the primary pulse signal 376 is gener-
ated in response to the trigger pulse 341 and primary
analog signal 370 which has pulses having widths analo-
gous to the voltage level of the primary analog signal
370.

What is claimed is:

1. An electronic fuel injection control system for an
engine, the engine having a fuel injection valve and a
synchronizing signal generator to generate an electric .
synchronizing signal, said control system comprising;

a first sensor to sense a primary operating parameter

of the engine and generate an electric primary ana-
log signal analogous thereto;
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a second sensor to sense at least one secondary oper-
ating parameter of the engine and generate an elec-
tric secondary analog signal analogous thereto;

a primary pulse generator responsive to said primary
analog signal to generate an electric primary pulse
signal having a pulse width analogous thereto;

a secondary pulse generator responsive to said secon-
dary analog signal to generate an electric secon-
dary pulse signal having a pulse width analogous
.thereto;

a pulse train generator responsive to said primary and
secondary pulse signals being operative to alter-
nately generate primary and secondary pulse train
signals respectively, said primary pulse train signal
having a first number of pulses which is a first pre-
determined function of the pulse width of said pri-
mary pulse signal, and said secondary pulse train
signal having a second number of pulses which is a
second predetermined function of the pulse width
of said secondary pulse signal;

a variable clock pulse generator responsive to said
secondary pulse train signal to generate clock
pulses at a frequency which is a third predeter-
mined function of said second number of pulses;

a counter responsive to the synchronizing signal, said

" primary pulse train signal, and said clock pulses,
being operative to count said first number of pulses

5

8

at the frequency of said clock pulses, the counting
operation commencing when said synchronizing
signal is received;

and an injection pulse generator connected to said

counter and operative to generate an injection
pulse signal to open the fuel injection valve for the
duration of the counting operation of said counter.

2. A control system as claimed in claim 1, in which
said primary operating parameter is the engine intake
vacuum.

3. A control system as claimed in claim 2, in which
the engine further has a throttle valve, and in which
said at least one secondary operating parameter is at
least one of the engine temperature, the engine speed
and the velocity of the throttle valve.

4. A control system as claimed in claim 3, which fur-
ther comprises an acceleration compensation system

* being operative to lengthen the pulse width of said in-

5o jection pulse signal in response to an acceleration de-
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mand condition of the engine.

5. A control system as claimed in claim 4, which fur-
ther comprises a fuel shut-off system operative to in-
hibit generation of said injection pulse signal in re- .
sponse to a sensed deceleration condition of the en-
gine. S
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