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ELECTRONIC CONTROL SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an electronic control system 

and in particular to an electronic control system for use 
with an injection system. The electronic control system 
described in this specification is particularly suitable 
for use with fuel injectors for automobile engines. How 
ever, the described system can also be used to control 
any repetitively activated equipment where the time of 
activation depends on measurable variables. 

2. Prior Art 
Numerous control systems have been proposed for 

fuel injectors. In general, fuel injection control systems 
respond to selected input parameters from an engine to 
determine the amount of fuel to be injected into each 
cylinder. Typical prior art systems have several disad 
vantages. Among these are the fact that these systems 
use a large number of discrete electronic components 
and thus often are bulkier than desirable. In addition, 
these systems usually determine the amount of fuel re 
quired by each cylinder by approximate techniques of 
insufficient accuracy to comply with present and pro 
jected stringent air pollution standards. Often fuel is 
not injected into each cylinder at the optimum time for 
injection, but rather is injected simultaneously into the 
manifold sections adjacent groups of cylinders. Other 
problems associated with these systems include a lack 
of reliability and responsiveness. 

SUMMARY OF THE INVENTION 

The fuel injection control system of this invention au 
tomatically adjusts the fuel required for each cylinder 
according to the manifold and atmospheric pressures, 
inlet air temperature, cylinder head temperature, fuel 
temperature, engine speed, battery voltage, throttle 
setting, and other selected inputs. Among these other 
inputs are signals indicating a wide open throttle or a 
fully closed throttle, and other factors affecting fuel 
consumption. 
According to this invention, an electronic control for 

a fuel injection system comprises means for sensing the 
values of a plurality of parameters which determine the 
amount of fuel to be placed in each cylinder and for 
producing a plurality of input signals representing these 
values, means for operating on these input signals to 
determine the injection time necessary to inject the re 
quired amount of fuel into each cylinder, and means 
responsive to the injection time for producing control 
signals for controlling the opening and closing of a fuel 
injector associated with each cylinder. 

In one embodiment, the means for converting the 
values of the input parameters into input signals repre 
senting the amount of fuel required by each cylinder 
comprises a plurality of ampli?er means the gains of 
which are varied according to the values of the input 
signals. The output signals from these ampli?er means 
are used to control the frequency of the output signal 
from an oscillator-sometimes called a “computing os 
cillator". Pulses are driven through a delay line at a 
shift frequency determined by the frequency of the out 
put signal from the oscillator. As the frequency of the 
oscillator output signal increases, the shift frequency of 
the pulses through the delay line increases and vice 
versa. The time necessary for pulses to travel through 
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2 
the delay line controls the open time of the fuel injec 
tors. 

The oscillator frequency can change continuously in 
response to changes in the values of input signals. Thus 
the opening and closing times of the injector associated 
with each cylinder likewise can vary from cycle to cy 
cle. In addition, the time that each fuel injector remains 
open can vary from injector to injector in response to 
changes in the oscillator frequency. 
Means are provided for injecting additional fuel into 

selected cylinders in response to sudden increases in 
demand and to cut off all fuel to the cylinders in re 
sponse to selected decreases in demand. 
While the electronic control system of this invention 

is designed to operate with an engine wherein each cyl 
inder has an adjacent fuel injector means which is indi 
vidually controlled according to the fuel demands of 
that cylinder, this control system can also be adapted 
to operate with an engine using batch injection. 

In one embodiment, the invention uses operational 
amplifiers to generate the signals which control the pe 
riod of the output signal from the computing oscillator. 
Usually a transducer is connected in the input or feed 
back circuit of an operational ampli?er. As the value 
of the parameter sensed by the transducer changes, the 
impedance introduced into the circuit changes, thereby 
changing the gain of the ampli?er. By interconnecting 
selectively-poled diodes in parallel and series with a re 
sistor, for example, between the input lead and the out 
put lead of an operational amplifier, the output signal 
from the operational ampli?er is made piecewise lin 
ear. The input signal voltage at which the operational 
amplifier begins to produce a linear output signal can 
be controlled by varying the nominal voltage on one of 
the input leads to the operational amplifier. By combin 
ing a plurality of piecewise linear output signals from 
a corresponding plurality of operational amplifiers, the 
system can be made to generate control signals tailored 
to the actual operating characteristics of a selected en 
gine. Thus, for example, the fuel injection time dura 
tion can be matched very accurately to the parameters 
upon which time duration depends. 
Input parameters such as temperatures can be con 

verted into output signals appropriate for use in this 
control system by placing thermistors, temperature de 
pendent resistive elements, or any other element whose 
characteristics are appropriately temperature depen 
dent, in the input or feedback circuit of the operational 
ampli?er so that temperature changes vary the output 
voltage from the operational ampli?er. 

DESCRIPTION OF THE FIGURES 

FIG. 1 shows in schematic block diagram form, the 
general arrangement of the functional components of 
the electronic control system of this invention; 
FIG. 2 shows in more detail the computing oscillator 

30 shown in FIG. 1; 
FIG. 3 shows the circuit used to sense selected tem— 

peratures which affect engine performance; 
FIG. 4a through 411 show circuits used to detect man 

ifold pressure and other parameters which affect en 
gine performance and graphs useful in explaining the 
operation of these circuits; 
FIGS. 5a, 5b and 5c illustrate in more detail the cir 

cuitry comprising digital delay 20 (FIG. I); 
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FIG. 6 shows the injection decoding and control cir 
cuitry shown in blocks 60, 70, 80, 90, and 100 of FIG. 
1; 
FIG. 7 shows special circuitry designed to provide 

input signals to the computing oscillator 30 (FIG. 1) 
re?ecting changes in fuel demand. 
FIG. 8 shows the circuitry for producing a signal in 

dicative of throttle position; and 
FIG. 9 shows the fuel pump control, turn on reset and 

exhaust gas analysis circuitry. 

DETAILED DESCRIPTION 

The electronic control system of this invention will 
be described in conjunction with a fuel injection system 
suitable for use with an eight cylinder automobile en 
gine. With appropriate changes, this system can be 
used with engines containing other numbers of cylin 
ders. It should be recognized that this electronic con 
trol system is appropriate for use with any repetitively 
activated equipment where the time of activation de 
pends upon measurable variables. 
FIG. 1 shows a schematic block diagram of the sys 

tem of this invention. A transducer produces a signal 
every 90° of rotation of the engine‘s crank shaft. This 
signal, transmitted to that input lead to processor 10 
labeled “90° pickup”, activates processor 10 to pro 
duce a pulse which is transmitted to digital delay 20. 
This pulse is driven through delay 20 at a frequency de 
termined by the fundamental frequency of a clock sig 
nal from computing oscillator 30. 
The period of the pulses from oscillator 30 is deter 

mined by input signals from a variety of sources. The 
primary inputs used to control the frequency of the out 
put signal from computing oscillator 30 are signals rep 
resenting the absolute manifold pressure, engine tem 
perature (which can be monitored at a variety of places 
including the exhaust manifold, block head, crankcase, 
cylinders or any other point which yields a temperature 
which is representative of the engine temperature) air 
inlet temperature, fuel temperature, speed of the en 
gine and throttle position. In addition, battery voltage 
and a measure of the torque being delivered by the en 
gine can also be used to in?uence the frequency of the 
signal from computing oscillator 30. 
The effect of each input parameter on fuel charge va 

ries. Some parameters have a major effect on the fuel 
charge, while other parameters have a very small in?u 
ence on the fuel charge. Under normal operating con 
ditions, the fuel charge injected by each injector is con 
trolled mainly by the manifold pressure and engine 
speed. Air, fuel and water temperature also in?uence 
the fuel required, in decreasing importance as listed 
under normal hot running conditions only. During 
warm-up, water temperature is the most important 
temperature parameter followed by the air and fuel 
temperatures, respectively. 
Transient processor 50 computes input signals for 

use in controlling oscillator 30 from crankshaft and 
throttle positions. Separate signals representing wide 
open throttle position (WOT), fully closed throttle po‘ 
sition (FCT), engine speed, power to the crank motor 
and shut-off information are also processed by proces 
sor 50. The computing oscillator responds to the signals 
from processor 50 and to its other input signals and 
produces an output signal with a frequency controlled 
by these and other input signals. 
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4 
The functional relationships between the required 

fuel charge and the input parameters depend upon the 
particular engine con?guration. Much work has been 
done de?ning these relationships. See for example a 
book entitled “Aircraft Powerplant Handbook" pub 
lished in January l949 by the U.S. Department of Com 
merce where many of these relationships are discussed. 
The output pulses from oscillator 30 drive groups of 

pulses from processor 10 through digital delay 20. The 
times for the pulse groups to pass through digital delay 
20 are inversely proportional to the frequency of the 
output signal from oscillator 30. 
Two pieces of information are derived by the passage 

of the pulse groups through digital delay 20. Data de 
code 100 detects the presence of each pulse group at 
the beginning of digital delay 20. In response to this, 
data decode 100 generates a control signal which is 
transmitted to “A" counter 90. This signal steps 
counter 90 one digit. Counter 90 is capable of counting 
up to N, where N is an integer representing the maxi 
mum number of cylinders in an engine (assumed to be 
eight of this explanation). The change in count in 
counter 90 results in a signal being transmitted to injec 
tor decode 80. This signal identi?es the particular cyl 
inder into which fuel is to be injected. Injector decode 
80 then transmits a signal to open the correct injector. 
Fuel is then injected into either the manifold or directly 
into a cylinder. 
When the pulse group traveling through digital delay 

20 reaches the end of delay 20, a signal is transmitted 
to data decode 60. Data decode 60 then generates a 
pulse which is transmitted to “8" counter 70. Counter 
70 likewise can contain N different numbers. The 
change in count in counter 70 results in a signal being 
transmitted to injector decode 80. This signal termi 
nates the injection of fuel. 
A plurality of pulse groups are transmitted in se 

quence through digital delay 20. Each pulse group acti 
vates in sequence, data decode 100 and data decode 60 
to start and stop the injection of fuel into the appropri 
ate cylinder. In this manner each injector is controlled 
in sequence to provide the proper amount of fuel to its 
corresponding cylinder. 

It should be noted that the time required for pulse 
groups to travel through delay 20 varies depending 
upon the frequency of the output signal from oscillator 
30. Thus, this control system responds rapidly to 
changes in operating conditions of the engine to cor 
rect the amount of fuel injected into each cylinder. 

COMPUTING OSCILLATOR 30 

FIG. 2 shows the circuit comprising oscillator 30 
(FIG. I). The signals to this circuit include signals 
(-l-TEMP and —TEMP) representing selected tempera 
tures and a signal representing the manifold pressure. 
In general, the fuel required by each cylinder increases 
as air temperature, water temperature and fuel temper 
ature decrease and as manifold pressure increases. 
Thus the period of the signal produced by oscillator 30 
(FIG. 2) must increase as these temperatures decrease. 
As the period of oscillator 30 increases, the time neces 
sary for pulses to travel through delay 20, and thus the 
injection time, increases. 
Composite signals representing the in?uence of se 

lected temperatures are input to oscillator 30 through 
resistors 30] and 302. A positive signal proportional to 
temperature (the +TEMP signal) is transmitted 
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through resistor 301. An inverted signal (the —TEMP 
signal) is transmitted through resistor 302. These two 
signals are generated in a manner to be described later 
in conjunction with FIG. 3. M08 transistors 303, 304, 
305 and 306 are connected together to form a switch 
ing circuit. The sources of transistors 303 and 304 are 
grounded. The gates of transistors 303 and 306 are 
connected together while the gates of transistors 304 
and 305 are also connected together. The gates of tran 
sistors 304 and 305 are connected by lead 318a to the 
collector of transistor 318. The gates of MOS transis 
tors 303 and306 are connected by lead 317a to the col 
lector of transistor 317. 
The operation of the oscillator circuit will be ex 

plained assuming that initially transistor 318 is shut off 
and transistor 317 is conducting. Thus the collector 
voltage of transistor 318 is the negative voltage of volt 
age source 312 while the collector voltage of transistor 
317 is the voltage of source 312 plus the voltage drop 
across resistor 322 or about zero volts. Accordingly, a 
negative voltage approximately equal to that of voltage 
source 312 is‘applied to the gates of transistors 304 and 
305 turning them off while a much higher voltage 
(about zero volts) sufficient to turn on transistors 303 
and 306 is applied to the gates of these last two transis 
tors. Accordingly, transistors 303 and 306 provide low 
resistance paths for signals to travel from their drains 
to other sources. Transistor 306 is connected to one 
input lead of operational amplifier 307. The other input 
lead to amplifier 307 is grounded through a filter com 
prising capacitor 307a and resistor 307b. Transistor 
303 is connected to shunt to ground the unused 
+TEMP signal source. 
When transistor 318 is off, transistor 306 is on and 

the input voltage generated by the —TEMP input trans 
ducer is applied to integrating ampli?er 307. The input 
current to ampli?er 307 is integrated by capacitor 
307f. Resistors 307i, 307]‘ and 307h provide an addi 
tional means for controlling the time necessary for the 
voltage across capacitor 307f to reach a desired value. 
Zener diodes 307k and 307n limit the output voltage of 
ampli?er 307 to within the input voltage limits of com 
parators 308 and 309. In normal operation diodes 307k 
and 307n are not needed. 
Thus, initially the output voltage from ampli?er 307 

has a linearly increasing positive shape. This output sig 
nal is passed to the positive and negative input leads to 
comparators 308 and 309 respectively. Input leads 
308a and 30% to comparators 308 and 309 receive 
voltages representing manifold absolute pressure (the 
V,,,,,,, input 308b) and acceleration (the ATI-l, for 
change in throttle linkage position, input 309g) respec 
tively. These two leads are also coupled by capacitors 
308a and 309a to ground. In addition, input lead 309h 
is coupled through variable resistor 30% and resistor 
3091) to positive voltage source 3101; and also through 
resistors 309d, 309f and 30% to negative voltage 
source 312. The sliding contact on resistor 309a sets 
the threshold voltage for comparator 309. 
Comparator 309 produces a low-level output signal 

in response to a positive-going ramp signal on lead 309j 
going more positive than the voltage at the wiper of po 
tentiometer 309C‘. This low-level output signal is ap 
plied to one input lead to NOR gate 315. For reasons 
to be explained shortly, NOR gate 315 thus produces 
a high-level signal. 
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6 
NOR gates 314 and 315 are connected as an RS ?ip 

?op. When the output signal from ampli?er 307 is 
below the level of the reference signal on lead 309k, 
comparator 309 produces a high-level output signal. It 
should be noted that the reference signal on lead 30% 
to comparator 309 always has a higher value than does 
the reference signal from source 3081: which is trans 
mitted on lead 308C to comparator 308. (Le, V3m< 
V309“ Thus the output signal from NOR gate 315 is 
low-level. This low-level signal is transmitted through 
resistor 316 to the base of PNP transistor 317 thereby 
turning on transistor 317. As described above, the col 
lector voltage of transistor 317 maintains conducting 
the channels associated with FET transistors 303 and 
306. When, however, as described above, the positive 
going ramp signal from ampli?er 307 reaches a se 
lected value (Vmh), the output signal from comparator 
309 drops to low-level thereby switching the output sig 
nal from NOR gate 315 from low~level to high-level. 
This high-level output signal turns off transistor 317 
and is fed back to the other input of NOR gate 314. 
NOR gate 314 produces a low-level signal which is ap 
plied to the base of transistor 318 through resistor 319. 
This low-level signal turns on transistor 318 thereby 
raising the voltage on the gates of the FET transistors 
304 and 305 to zero. Consequently, these two transis 
tors turn on while transistor 317 shuts off dropping the 
gate voltages of, and thus turning off, FET transistors 
303 and 306. The +TEMP signal from the temperature 
transducer is now applied through resistor 301 to the 
input lead of operational ampli?er 307. The charge 
previously built up on capacitor 307fnow is dissipated. 
Accordingly, the level of the output signal from opera 
tional ampli?er 307 drops. When this output signal 
drops beneath the level of the signal Vamp from source 
30% on lead 308c to comparator 308, the output signal 
from comparator 308 drops to a low level. This turns 
off transistor 318 and turns on again transistor 317. 
Thus the output signal from ampli?er 307 assumes a 

triangular shape, as shown in FIG. 2. The period of the 
waveform varies with the rate at which capacitor 307f 
charges and discharges. The higher the charge rate or 
current, the shorter the period. The current, in turn, is 
directly proportional to the voltage difference between 
the +TEMP and —TEMP input leads. As the potential 
difference between the signals on lead 308C to compar 
ator 308 and lead 309k to comparator 309 increases, 
the amplitude of the periodic triangular shaped wave of 
ampli?er 307 increases and thus the period of this wave 
increases. This results in a longer injection time. Con 
versely, as the potential difference between the signals 
on these two leads decreases, the injection time de 
creases. The potential on lead 3086 is controlled mainly 
by manifold absolute pressure. (See FIG. 4b, ampli?er 
430). In addition, engine speed also influences the par 
ticular signal level on lead 3080. 
The voltage ATH from source 309g which controls 

the voltage on lead 30911 to comparator 309 is primar 
ily controlled by the output signal from the circuit 
shown in FIG. 8 which represents the position of the 
throttle and the rate of change of position of the throt 
tle. 

It should be noted that the triangular signal from op 
erational ampli?er 307 makes it possible to easily ser 
vice the system by merely looking at the slope and am 
plitude of the output signal from operational ampli?er 
307. The amplitude of this output signal is primarily 
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controlled by the manifold absolute pressure and sec 
ondarily by engine crankshaft frequency. The slope of 
this trangular waveform, on the other hand, is con 
trolled primarily by input temperatures and secondarily 
by transient operating conditions such as wide-open 
throttle. Thus, errors in the injection period can be at 
tributed to either an incorrect amplitude of the output 
signal from operational ampli?er 307 or, an incorrect 
slope on this output signal. This feature thus allows the 
system to be analysed when the injection period is in 
correct to determine whether or not the error arises be 
cause the output signal from ampli?er 307 has an im 
proper amplitude, in which case the error is in the man 
ifold absolute pressure section of the system, or from 
an improper slope, in which case the error is in the tem 
perature sensing portion of the system. 
Any particular component in the system can easily be 

replaced by a component known to be functioning cor 
rectly and the in?uence of this component on the out 
put signal determined. If there is no change in the shape 
of this signal, then the component replaced is known to 
be functioning properly and the search for the improp 
erly functioning component continues until this com 
ponent is found. 
When the error is not in the external transducers, but 

rather in the processing circuitry itself, analysis of the 
trianguluar output signal from ampli?er 307 for known 
values of all the input parameters which affect this sig 
nal enables one to determine the particular section of 
the processing circuitry which is malfunctioning. 
The RS ?ip~?op comprising gates 314 and 315 pro 

duces a square wave from the output lead of NAND 
gate 314a as shown. If desired, an output signal can also 
be taken from the output lead of NOR gate 315 or from 
numerous other places in the circuit. The output signal 
from oscillator 30 is, as described above, used to drive 
pulse groups through delay 20 (FIG. 1). 
FIG. 3 shows the circuitry for detecting, and operat 

ing on, signals from transducers connected to the throt 
tle linkage, the engine starter control circuit, the water 
temperature and the air temperature. First, the opera 
tion of the circuitry connected to the wide open throt 
tle transducer will be described. The throttle is fully de 
pressed only when the driver accelerates at a maximum 
rate. Maximum acceleration requires more fuel than 
does normal acceleration. In this condition, a cam, 
electronic sensor, or other means actuated by the throt~ 
tle linkage grounds or brings to a low-level the lead in 
FIG. 3 labeled WOT thereby shutting off transistor 
331. (Diodes 331a and 33112, connected to the base of 
transistor 33], reduce the probability of noise affecting 
the state of transistor 331. These diodes can be omit 
ted, if desired.) The collector voltage on transistor 33] 
is thus driven to the high level represented by the posi 
tive voltage source V3. This turns on transistor 332. 
The collector voltage on transistor 332 then drops to a 
low level, thus lowering the input voltage to operational 
ampli?er 338. This input voltage is applied to opera 
tional amplifier 338 through a filter comprising resistor 
338 a and capacitor 337. Capacitor 337 smooths the 
transition from wide-open throttle to steady state oper 
ating conditions. As is well known, the output voltage 
Vo from an operational ampli?er is related to the input 
voltage V, by the approximate equation 
V0 5 -Vi (RI/R2) (n 

which can be rewritten with respect to ampli?er 338 as 
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In equation ( l ), R1 is the feedback resistor and R2 is the 
input resistor through which the input signal passes to 
the input lead. Usually an operational ampli?er has 
high gain so the nongrounded input lead of the opera 
tional ampli?er can be treated as a virtual ground. 
The output signal from operational amplifier 338 is 

next transmitted to a resistive network comprising re~ 
sistors 3400, 342, 340b, 340d and 340a‘. Resistors 340b 
and 342 are negative temperature coefficient thermis 
tors, the resistances of which decrease as the engine‘s 
water temperature increases. This network essentially 
serves as the input resistor (R2 in equation (1)) be~ 
tween the input signal and the input lead to operational 
amplifier 340. Feedback resistor 340f is equivalent to 
resistor R1 in equation (I). The circles labelled 340i, 
340]‘ and 340k denote connectors by which external 
transducers are connected to the processing circuitry. 
This processing circuitry typically is an integrated cir 
cuit. As the resistances of resistors 342 and 34% de 
crease, the output voltage from operational ampli?er 
340 increases. As explained above in conjunction with 
equation (I ), this increases the difference between the 
voltage on the leads labeled +TEMP and —'TEMP 
(FIGS. 2 and 3) and decreases the period of the output 
signal from oscillator 30 (FIGS. 1 and 2). 
Operational ampli?er 341, together with input resis 

tors 341e, 34l f, feedback diode 341c and capacitor 
341b, output resistor 3413 and diode 3410 is a feed 
back circuit which prevents the output signal of opera 
tional ampli?er 340 from becoming greater than that at 
unity gain. This feedback circuit comes into operation 
when the resistance of thermistors 34011 and 342 drops 
below the value associated with unity gain for opera 
tional amplifier 340. This entire feedback circuit is in 
parallel with feedback resistor 340f. 
Diodes 341a and 341c associated with operational 

ampli?er 341 do several things. Diode 341a insures 
that the output signal of operational amplifier 341 as 
seen by the input of operational ampli?er 340 is of one 
polarity only. Diode 34lc limits unwanted excursions 
of operational ampli?er 341. Capacitor 341b, con 
nected in parallel with diode 341e, insures gain and 
phase compensation of operational ampli?er 340 and 
341 to prevent circuit oscillation. 
The next stage of the circuit comprises another oper 

ational ampli?er stage with feedback very similar to the 
just described operational ampli?er stage. Operational 
ampli?er 344 has an input resistive network comprising 
resistors 344a, 344b (both thermistors which measure 
air temperature) and resistors 3444' and 344d. Capaci 
tor 344g ?lters out unwanted noise. Resistors 344k and 
variable resistor 3441' are connected in the feedback 
path of operational ampli?er 344. Resistor 344i pro 
vides stage gain adjustment. These resistors are equiva 
lent to resistor R1 in equation (I). Operational ampli 
?er 345 and associated circuitry provides a feedback 
path to control the output signal from operational am 
pli?er 344 in the same manner as described above in 
conjunction with operational ampli?ers 340 and 341. 
Ampli?er 345 and its associated circuitry can be omit 
ted, if desired, depending upon the speci?ed system re 
sponse to input temperature and the absolute values of 
the thermistors chosen for resistors 344a and 344b. For 
example, when the control system is used over a wide 
temperature range, operational ampli?er 345 might be 
omitted. 
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The output signal from operational ampli?er 344 
represents the in?uence of air temperature on the pe 
riod of oscillator 30 (FIGS. 1 and 2). It should be noted 
from equation ( l ) that the output signal Vom from am 
pli?er 344 is related to the input signal Via...) to ampli 
?er 340 as follows (provided that the feedback circuits 
which include ampli?ers 341 and 345 are inactive): 

Resistors R1 and R2 with the appropriate subscripts 
represent the combined resistances connected in the 
feedback circuits and inputs circuits of the correspond 
ingly numbered operational amplifiers, respectively. 
From equation (3) it is apparent that the output signal 
V0344 represents the multiplicative effect of tempera 
ture changes re?ected in the values of RM“, and RH“. 
When starting a cold engine, more fuel is required 

than for normal operating conditions at the same tem 
perature. Thus, in FIG. 3, a crank motor transducer 
produces a positive output signal on lead 355 upon the 
application of a voltage to the starter motor. This signal 
turns on transistor 333. Transistor 333 thus lowers the 
output voltage applied to one input lead of operational 
ampli?er 338. Capacitor 337 stores a charge reflecting 
a new input voltage to operational ampli?er 338. (It 
should be mentioned that capacitor 337 performs in 
the same way whether the voltage drop across resistor 
334 is generated by a wide open throttle signal or a 
crank motor signal.) The time during which extra fuel 
is injected into the engine after the removal of the 
crank signal is determined by the values of resistors 334 
and 338a and capacitor 337. The charge stored on ca 
pacitor 337 depends on the voltage drop across resistor 
334. When voltage is no longer applied to the starter 
motor, the charge on capacitor 337 prevents the circuit 
from immediately shutting off extra gas applied to the 
engine. But, as the charge on this capacitor returns to 
normal, the period of oscillator 30 and thus the fuel 
supplied to the injectors gradually returns to the nor 
mal value dictated by the other engine operating condi 
tions. The size of capacitor 337 is varied to re?ect the 
different engines or vehicles used with the electronic 
control system of this invention. As the size of the en 
gine increases, the engine takes longer to respond to 
changes in demand and capacitor 337 is made larger. 
Also, as vehicle size increases. capacitor 337 is made 
larger because more fuel is required to accelerate the 
vehicle. 

If a driver accelerates using wide open throttle, but 
then suddenly takes his foot off the accelerator, an 
other circuit to be described later shuts off all fuel to 
the engine. Meanwhile, the charge on capacitor 337 re 
turns to normal. The result is that minimal excess hy 
drocarbons and carbon monoxide in the form of incom 
pletely burned fuel are expelled into the environment. 
For a large engine, the time constant of the RC circuit 
of which capacitor 337 is a part is approximately one 
to two seconds. 
Operational ampli?er 338 should have a low output 

impedance to reduce the errors contributed by this im 
pedance to the signal produced by thermistor 34019. 
Likewise the output impedance of operational ampli 
?er 340 should be low to similarly minimize the impact 
of this impedance on the following temperature sensing 
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thermistors. Output resistances of operational amplifi~ 
ers are typically less than 10 ohms. Thermistors, by 
comparison, have an impedance from several hundred 
ohms to several thousand ohms. 
Thermistors have been described in FIG. 3 for sens 

ing water temperature and air temperature. An addi 
tional operational amplifier stage can be added, if de 
sired, for fuel temperature. Other operational amplifi 
ers can be added with gain-controlling thermistors to 
sense any other temperatures of importance in control 
ling the fuel demanded by the engine. Among these 
temperatures are exhaust gas temperature, oil tempera~ 
ture, block temperature, and in more sophisticated sys» 
tems, individual cylinder temperatures. 

PROCESSOR l0; CONTROL OF INJECTION 
TIMING AND SYNCHRONIZATION 

Processor 10 processes the signals from the 90° and 
720° transducers. 
FIGS. 5a and 5b show in more detail the amplifica 

tion circuits used with the 90° transducer and the 720° 
transducer. The operation of these transducers will be 
described in conjunction with the 90° pickup circuitry. 
The circuitry associated with the 720° pickup works in 
substantially the same manner, only less frequently. A 
signal from the 90° transducer. which can be mounted 
on the distributor shaft, crankshaft, or camshaft, is de 
tected and transmitted directly on leads 501 and 502 to 
difference ampli?er 507. The output signal from ampli 
?er 507 is connected to one input lead of AND gate 
511 and is ?ltered by capacitor 509. The other input 
lead to this AND gate is connected to a positive voltage 
source. The output signal on lead 513 from AND gate 
511 changes from a low level to a high level in response 
to a pulse detected by the 90° pickup transducer. The 
differential mode connection from the 90° transducer 
to difference ampli?er 507 prevents common mode sig 
nals and stray signals from activating AND gate 511. 
The 720° signal is processed in a similar manner using 

the circuit of FIG. 5a. 
The output signal from the 90° pickup circuitry on 

lead 513 is sent to transient processor 50 (FIG. I), 
which will be described later. Processor 50 provides 
special corrections for certain types of operations. The 
output signal from the 720° pickup circuitry is sent to 
processor 10 only. 

It should be noted that all degrees used in this specifi< 
cation are degrees of rotation of the crankshaft. In a 
four-cycle, eight~cylinder engine, a fuel‘air mixture is 
inducted into a new cylinder every 90° rotation of the 
crankshaft. For all types of four-cycle engines, an en 
gine cycle is completed every 720° rotation of the 
crankshaft. 
FIG. 5c shows in more detail the logic circuitry of 

processor 10 and digital delay 20. The output signal 
from processor 10 (FIG. 1) comprises two pulses when 
this output signal is generated by a signal from a 90° 
pickup transducer. However, when an input signal is 
received from the 720° pickup transducer, processor 
10 produces a four pulse output signal. 
The two pulse output signal occupies two locations in 

digital delay 20 while the four pulse output signal from 
processor 10 occupies four locations of digital delay 
20. The 90° pickup signal is inverted in amplifier 523 
(FIG. 5c) and then sent to 90° memory 525. Memories 
52S and 526 may typically comprise JK (or D) ?ip 
?ops Fairchild device type 9L24 as manufactured by 
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the assignee of the present application. There, the 90° 
signal is held for a period of time sufficient to place two 
pulses in shift register 530-1, the ?rst register in digital 
delay line 20. The digital delay line 20 comprises shift 
registers 530-1, 530-2 . . . 530-N, and 531; which shift 
registers may typically comprise 8-bit shift registers 
Fairchild device type 93L28 as manufactured by the 
assignee of the present application. The presence of 
pulses in the first two locations in shift register 530-! 
is detected by NAND gate 527. The signal on the input 
lead to NAND gate 527 from 720° memory 526 is nor 
mally high level. The signals on the two input leads to 
NAND gate 527 from shift register 530-1 are normally 
low level. Thus NAND gate 527 produces a normally 
high-level output signal. However, upon the transfer of 
the two high-level pulses from memory 525 to the first 
two locations of shift register 530-1, the signal levels on 
all three input leads to NAND gate 527 will go high and 
the output signal from NAND gate 527 will go to a low 
level. This produces a high-level output signal from 
NOR gate 528 which in turn is transmitted through in 
verter 529 to the reset terminal of 90° memory 525 to 
clear this memory. Thus, the output signal from 90° 
memory 525 drops to a low level again. Consequently, 
the remaining clock pulses from oscillator 30 place 
low-level signals in the ?rst location of shift register 
530-1 rather than a high-level signal. Meanwhile, the 
high~level pulses formerly in this location are shifted 
through delay line 20. 
The signal on the output lead from 720° memory 526 

is normally high level. When, however, the 720° pickup 
signal is received, the output signal from 720° memory 
526 drops to a low level thereby disabling NAND gate 
527. However, when shift register 530-] contains four 
pulses in its four locations, NAND gate 534 is activated 
and produces a low-level output signal. This low-level 
output signal is transmitted through NOR gate 528 and 
inverter 529 and again changes the output signal from 
90° memory 525 from high level to low level. 
The 720° memory 526 is deliberately activated 

slightly earlier than the 90° memory 525 and thus dis 
ables NAND gate 527 before memory 525 is activated. 
Thus, the 90° memory will have a high level output sig 
nal stored in it for four periods of the signal from oscil 
lator 30 during which time the output signal from 720° 
memory 526 is low level (activated). The output pulse 
from inverter 529 also clears 720° memory 526. 
The presence of two pulses in shift register 530-] de 

noting the receipt of a signal from the 90° transducer 
by processor 10 results in NAND gate 535 producing 
a low-level output pulse. NAND gates 534 and 535 
comprise data decode 100 (FIG. I). The low-level out 
put pulse from gate 535 is sent to “A" counter 90 (FIG. 
1). Counter 90 controls, through injector decode 80, 
the particular fuel injector through which fuel is to be 
injected and initiates fuel injection by a change in its 
state in response to the signal from data decode 100. 
Injector decode 80 selects in sequence the injectors to 
be activated in accordance with the ?ring or injection 
order of the engine. The ?rst injector to be activated is 
opened for a time determined by the time necessary for 
the two pulses in digital delay 20 to pass from the first 
shift register 5150-] (FIG. 5c) in delay line 20 to the last 
shift register 531 in this delay line. NAND gates 532 
and 533 comprise data decode 60 (FIG. 1). When the 
two pulses from a 90° pick-up transducer reach shift 
register 531, a signal is sent from NAND gate 533, 
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12 
which detects the presence of these two pulses in the 
?rst two locations in shift register 53], on lead 539 to 
“B“ counter 70 (FIG. 1). Counter 70 then sends a sig 
nal to injector decode 80 to shut the injector valve. 
Each signal from “8" counter 70 to injector decode 80 
is routed to the correct injector valve, as is each signal 
from “A” counter 90, by the logic matrix within injec 
tor decode 80. It should be mentioned that injector de 
code 80 can be a standard demultiplexing circuit. 
As explained above, the frequency of the output sig 

nal from computing oscillator 30, and thus the period 
of this signal, vary in response to the input signals to 
controlling oscillator 30. Digital delay line 20 has a 
?xed number of stages M where M — X = N. X is the 
number of extra stages in delay line 20 required to de 
tect the presence of pulse groups at the beginning and 
end of delay line 20. In this case, X is four (4). The real 
time period required for a signal to pass through delay 
20, is that elapsed time period needed for the comput~ 
ing oscillator to generator N pulses. This elapsed time 
de?nes the period that a currently active injector will 
be held open. Accordingly, the times for which the in 
jector valves are left open as the result of control sig 
nals from injector decode matrix 80 vary smoothly with 
variations in the frequency of the output signal from os 
cillator 20. The output signal from the oscillator is up 
dated N times while an injector valve is open. Because 
the time that an injector is open is the integral over 
time of the period of the output signal from oscillator 
30, noise tends to have little effect on the resultant in 
jection timev The frequency in cycles per second of the 
output signal from oscillator 30 is typically greater than 
2/5 times the engine RPM. 

It should be noted that the pulses present in 90° mem 
ory 525 and 720° memory 526 (FIG. 5c) are invariably 
removed or erased prior to the removal of the 90° or 
720° pick-up signals on leads 521 and 522 respectively 
and certainly long before the valve gear train rotates 
90°. 
Upon activation of the 720° transducer, four pulses 

are injected in sequence into delay line 20. The receipt 
of the second of the four high level pulses in shift regis 
ter 531 activates NAND gate 533 which steps “B” 
counter 70 to denote the injector then open. This acti 
vates injector decode 80 to close this injector. 
The receipt of the fourth high level pulse in shift reg 

ister 531 (FIG. 50) activates NAND gate 532. NAND 
gate 532, which produces a normally high level output 
signal, now sends a low level signal to “8" counter 70 
(FIG. 1) to clear this counter. The output signal from 
NAND gate 534 (FIG. 5c) is similarly sent to “A” 
counter 90 (FIG. 1) to clear this counter once each en 
gine cycle. Thus NAND gates 534 and 532 synchronize 
the system once each engine cycle. 
Both the “A" counter 90 and the “B" counter 70 are 

essentially binary registers which can store pulses rep 
resenting P digital numbers representing the numbers 
of the cylinders into which fuel is to be injected. In an 
eight cylinder engine, counters 70 and 90 can store 
pulses representing digital numbers from 0 to 7. By the 
use of feedback with a three bit counter, one can re 
strict the maximum count stored in the counter to six 
and thus convert the counter to use with six cylinder 
engines. The number stored in A counter 90 represents 
the cylinder which is to receive the fuel which is being, 
or has been injected. Setting the count in A counter 90 
to zero in response to a change in state of the 720° pick 
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up signal means that the injector corresponding to a 
zero in A counter 90 has been opened. Setting B 
counter 70 to zero in response to the delayed 720° 
pick-up signal reaching shift register 531 means that 
the injector corresponding to zero count will be closed. 

COUNTERS 70 AND 90 AND INJECTOR DECODE 
80 

FIG. 6 shows the manner in which the signals from 
NAND gates 534 and 535 (FIG. 5c) are used to control 
the state of A counter 90 (FIG. 1). Counter 90, shown 
in FIG. 6, comprises one-shot 605 and counter 608. 
Counter 608 may typically comprise a 4-bit binary 
counter Fairchild device type 93L16 as manufactured 
by the assignee of the present application. Signals de 
noting fully closed throttle position (denoted PCT) and 
?ooding of the engine are transmitted through NOR 
gate 603 to one input lead of AND gate 604. Open 
clock pulses from NAND gate 535 (part of Data De 
code 100. FlGS. 1 and 5c) are transmitted to the other 
input lead of AND gate 604. As will be explained 
shortly, signals from one-shot 605 in response to the 
FCT or flood conditions prevent additional fuel from 
being injected into each cylinder. AND gate 604 acti— 
vates one-shot 605. The period of one-shot 605 is con 
trolled by the values of resistor 60511 and capacitor 
605a connected to one_shot 605 and the positive volt 
age source as shown. The other input lead to AND gate 
604 is connected by lead 601 to the output lead from 
NAND gate 535 (FIG. 5c). NAND gate 535 produces 
an output pulse every time the 90° pickup transducer 
produces a pulse. The pulse from gate 535 triggers one 
shot 605 and also is transmitted directly to counter 605 
where it changes the count by one unit. Periodically, an 
output pulse is produced by NAND gate 534 indicating 
the receipt of a signal from the 720° transducer. This 
output pulse is transmitted on lead 602 directly to 
counter 608 and there resets counter 608 to zero. The 
count in counter 608 controls the states of the output 
signals on lead 609a through 609m from opening de< 
code 609. Opening decoder 609 may typically com 
prise a one-of-ten decoder Fairchilcl device type 93101 
as manufactured by the assignee of the present applica 
tion. In one embodiment counter 608 can store up to 
a three (3) bit binary code word. Other embodiments 
of counter 608 can store n-bit binary code words, 
where n is a selected integer. When counter 608 thus 
receives a pulse, the signal on the output lead from 
opening decode 609 corresponding to the new binary 
code word stored in counter 608 goes to a low level. 
This low-level signal has a duration controlled by the 
output pulse from one-shot 605. One-shot 605 was trig 
gered by the same pulse from NAND gate 535 that 
changed the state of counter 608. 
When the system is in synchronization, the count in 

counter 608 will go to zero just prior to the receipt of 
the 720° reset pulse. From the description of the cir' 
cuitry of FIG. 50, it should be remembered that the 
720° reset pulse comes from NAND gate 534 two clock 
periods later than does the 90° pulse signal from NAND 
gate 535. Thus, if the system is in synchronization, 
open counter 608 will already have been set to zero and 
the reset pulse from NAND gate 534 (which detects 
the 720° transducer signal) will arrive after the 90° 
transducer pulse has advanced the counter 608 to zero. 
Thus when counter 608 is synchronized with the rest of 
the system, there is no change in the state of this 
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14 
counter upon the receipt on lead 602 of the output sig 
nal from NAND gate 534 (FIG. 5b). 

If, however, counter 608 is out of synchronization, 
the reset pulse from 720° decoder NAND gate 534 
would reset counter 608 to zero. The error in injection 
time of the first cylinder in the injection sequence re 
sulting from this lack of synchronization is the two 
clock-pulse delay necessary to generate the 720° signal. 
Because of valve inertia, the injector will not have 
opened significantly in that time. By increasing the 
length of the delay line, or the clock frequency, or 
both, this error can be reduced. Lack of synchroniza 
tion can possibly also cause excessive fuel in some cyl 
inders and not enough fuel in other cylinders. 
FIG. 6 also shows closing decoder 611 which closes 

the injectors. Closing decoder 611 may also typically 
comprise a one-of-ten decoder Fairchild device type 
93L0l. The closing clock signal is transmitted to close 
counter 610, part of B counter 70 (FIG. 1), from one 
of two sources; NAND gate 533 produces an output 
pulse when the 90° pickup pulse group transmitted into 
delay line 20 reaches shift register 531. Close counter 
610 may also typically comprise a 4-bit binary counter 
Fairchild device type 93L16. This pulse from NAND 
gate 533 is transmitted to close counter 610 to change 
the count recorded in this counter. Upon the receipt of 
the new count, the signals from close counter 610 rep 
resenting this new count are transmitted to closing de 
coder 611 which activates the proper output leads 611a 
through 611n to close the injector corresponding to the 
cylinder represented by the new number in counter 
610. Counter 610 is synchronized by a signal from 
NAND gate 532 (FIG. 56). 
The output signals from the opening decode circuit 

609 are sent two places. First, these signals are sent to 
the corresponding input lead of circuits 614 and 615. 
Circuits 614 and 615 each contain four flip-flops and 
thus control eight injectors. Circuits 614 and 615 may 
each for example, comprise a quad latch Fairchild de' 
vice type 931.14 as manufactured by the assignee ofthe 
present application. A low level signal on output lead 
609a is transmitted to the input lead to flip—11op l of cir 
cuit 614, on the lead labeled 6090. This signal changes 
the state of this ?ip»flop. The signal on the output lead 
from ?ip-flop l in circuit 614 is transmitted through 
half adder 616a and buffer-inverter 617a. The current 
from inverter 617a comprises a low-level holding cur~ 
rent which holds open an injector until a signal from 
closing decoder 611 changes the state of the ?ip-?op. 
The output signal on lead 609a from opening decoder 
609 simultaneously is sent to the corresponding NOR 
gate 6130. This produces a high level signal on the out 
put lead from NOR gate 6130. This high level signal 
drives the same injector valve hard open thereby in 
creasing the speed with which the injector valve opens 
and thus the amount of fuel placed in the cylinder in a 
given time. 

It should be noted that the time an injector is left 
open is determined by the time it takes for the pulse 
groups to travel through digital delay line 20 (FIGS. 1 
and 50). As engine speed increases, a pulse group 
which opens a ?rst injector can still be traveling 
through delay line 20 when a second pulse group is in 
jected into deiay line 20 by the next signal from the 90° 
transducer. In response to this second pulse group en 
tering the delay line, a second injector is opened while 
the ?rst injector is still open. As the engine speed in 



3,893,432 
15 

creases, up to seven injectors can be open at the same 
time using the system of this invention. In theory, all 
eight injectors can be open at the same time. However, 
close counter 610 produces a closing signal for 90° of 
crankshaft rotation. Thus any and each injector must 
be closed for one-eighth of an engine cycle. Therefore, 
at any time during the engine cycle, one injector must 
be closed. The system, however, can be modi?ed to 
avoid this limitation by having close counter 610 pro 
duce a “close“ pulse of a more limited duration. 

ln one'embodiment fuel injection preferably occurs 
a few degrees before the intake valve to the cylinder 
opens. Typically, the intake valve is open for about 
200° to 230° rotation of the crankshaft. On the other 
hand, the injectors are injecting fuel over from 10° to 
20° rotation of the crankshaft at idle and up to 600° at 
full power. If the driver decides to accelerate before the 
fuel being pulled into a cylinder has been ignited, the 
injector associated with that cylinder can be reopened 
to inject more fuel into the manifold and thus into the 
cylinder in response to the acceleration signal. This fea 
ture provides additional ?exibility for the operation of 
the system and is described next. 

DOUBLE lNJECT DECODE 607, 612, 616 AND 618 

FIG. 6 also shows double injector decoder 612. The 
decoder 612 may also typically comprise a one-of-ten 
decoder Fairchild device type 93L01 as manufactured 
by the assignee of the present application. This decoder 
is provided to open a previously opened and now 
closed injector in response to a signal from transient 
processor 50 (FIG. 1) that the driver has pressed down 
on the accelerator. 

Pressing down on the accelerator results in a high 
level signal being transmitted on lead 606 to one input 
lead of NAND gate 607 thereby enabling NAND gate 
607. The generation of this pulse is to be described in 
conjunction with FIG. 8. When the pulse from NAND 
gate 535 (FIG. 5c) is transmitted on lead 601 to AND 
gate 604 thereby activating one-shot 605, the output 
signal from one-shot 605 goes to a high level. This out 
put signal is applied to the other input lead of NAND 
gate 607. NAND gate 607 thereby puts out a low'level 
output signal which activates double injector decode 
612. Double injector decoder 612 works inthe same 
way as open decoder 609 but is programed to open the 
injector associated with a cylinder for which fuel was 
previously injected so that an additional amount of fuel 
can be injected for use by that cylinder. 

It should also be noted that the acceleration signal on 
lead 606 is transmitted to the half-adders 616a through 
616d and 6180 through 618a’. These gates are activated 
either by a single signal from the corresponding con 
nected ?ip-flop in register 614 or 615 or by the simulta 
neous presence of an acceleration signal on lead 606 
together with a signal on the next following ?ip-?op in 
the registers 614 or 615. Thus the presence of a signal 
on acceleration lead 606 results in a given ?ip-?op in 
registers 614 or 615 activing not only the half-adder 
616 or 618 connected to that ?ip-?op, but also the pre 
ceding half-adder connected to the ?ip-?op. 

MANlFOLD PRESSURE SIGNAL PROCESSOR 

F IG. 4a through 4d show the electronic circuitry used 
to generate signals representing manifold pressure. As 
manifold pressure increases, the air?ow through the 
manifold increases and thus the fuel required to be in 
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jected into each cylinder increases. This means that the 
injection time must also increase. An increased injec 
tion time requires a decrease in the frequency of the 
output signal from computing oscillator 30 (FIG. 1). 
Accordingly, the output voltage VAMP from opera 
tional ampli?er 430 (F 1G. 4b), to comparator 308 
(FIG. 2) must decrease algebraically. This output 
voltage changes the reference level on one input lead 
to comparator 308, thus changing the time required 
for the output signal from operational ampli?er 307 
to change the state on the ?ip-?op comprised of 
elements 314 and 315. 
The signal representing manifold pressure is sent 

through resistor 4110 to input lead 41 1h of operational 
ampli?er 411. The voltage on input lead 41 1h of opera 
tional ampli?er 411 is held at virtual ground as in a 
standard operational ampli?er with feedback. Diode 
411d insures that when the input voltage V“, drops be 
neath a selected reference voltage established by volt 
age source 412 and resistors 411a and 411b, the output 
voltage from the operational ampli?er 421 will be 
clamped above virtual ground by the voltage drop of a 
forward-biased PN junction, On the other hand, as the 
input voltage V1,, to operational ampli?er 411 climbs 
above the selected reference voltage, the output volt 
age from the operational ampli?er drops linearly at a 
rate controlled by the ratio of resistor 411g to resistor 
411a. Diode 411d acts as an open circuit in this circum 
stance while diode 411e becomes forward biased. 
By varying the voltage represented by source 412 or 

either of resistors 411a and 411b, the voltage V“, at 
which the characteristic curve of V,“ versus V", as 
sumes a negative slope is varied, as shown in FlG. 4d. 
FlG. 4d shows several curves all with different values 
of V", at which the breakpoint in the curve of V," ver 
sus V," occurs. The curve which passes through the 
center of the graph has voltage source 412 equal zero. 
When voltage source 412 is positive, the breakpoint in 
the characteristic curve shifts to a negative value of V“. 
The slope of the non-horizontal portions of the 

curves in FIG. 4d is given by Vow/V," = -—R|/R,. Rever 
sal of the polarity of the diode as shown by the diode 
in dashed lines in FIG. 4e results in a curve shown by 
the dashed lines in FIG. 4d. Thus the output signal from 
operational ampli?er 411 with diodes connected as 
shown has a piece~wise linear characteristic. 
Operational ampli?er 421 operates in the same man 

ner as does operational amplifier 411. 
The reference voltage 412 connected to input lead 

41 1h is selected to correspond to a selected low pres 
sure, such as ?ve inches of mercury absolute which in 
turn corresponds to a very low air flow rate to the en 
gine. Thus, for manifold pressure beneath ?ve inches of 
mercury, the injection time is minimized to a selected 
value. 1n this condition, the typical engine has a nega 
tive torque output. As the manifold pressure increases, 
signifying a larger air flow to the engine, operational 
ampli?er 411 begins to produce an increasingly nega 
tive output voltage. This output voltage then is trans 
mitted to multiplying circuit 414. Likewise, operational 
ampli?er 421 produces an increasingly negative output 
voltage as the manifold pressure increases above the 
pressure associated with its reference voltage as set by 
resistors 421a, 4212 and 42 1 f. The output signal from 
operational amplifier 421 is likewise sent through resis 
tor 422 to multiplying circuit 424. 

Circuits 414 and 424 are shown in more detail in 
FIG. 4f. The input voltage to the circuit is controlled by 
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the settings of potentionmeter resistors 440C and 4404. 
The output voltages from the operational ampli?ers are 
brought into circuits 414 and 424 on leads 9. 
An additional signal is brought into each of multiply 

ing circuits 414 and 424 on lead 4. These signals are de 
rived from operational ampli?ers 407 and 408 (FIG. 
4a) which in turn operate on signals from operational 
ampli?ers 403, 404 and 405 (FIG. 4a). These last three 
ampli?ers operate in the same manner as operational 
ampli?ers 411 and 421 except that the diodes in the 
feedback circuits of amplifiers 403, 404 and 405 are 
reversed in polarity. The polarities of the diodes associ 
ated with each operational amplifier in FIG. 4a are de 
termined by the shape of the transfer function desired 
for the circuit. Thus the transfer characteristics of these 
operational ampli?ers correspond to the dash curve 
shown in FIG. 4d with the break-point in the character 
istic of each ampli?er being controlled as described 
above. 
The input signal to operational ampli?ers 403, 404 

and 405 are proportional to engine freuency. These sig 
nals can be generated from a frequency signal obtained 
from the crank shaft or the distributor or any other ro 
tating part of the engine suitable for such a measure 
ment. FIG. 7 shows circuitry suitable for generating 
these signals. 
The output signals from operational ampli?ers 403 

and 404 are fed to the input lead of operational ampli 
?er 408. The output signal from this operational ampli 
?er is denoted S1 and is the input signal on lead 4140 
of multiplier 414 (FIG. 4b). FIG. 4hshows a typical 
transfer function of SI versus engine frequency. 
Likewise, the output signal from operational ampli 

?er 405 is passed through operational ampli?er 407 
and then is sent on the lead denoted S2 to lead 424a of 
multiplier 424 as shown in FIG. 4b. FIG. 43 shows a 
typical transfer function of S21 versus engine fre 
quency. Note that the transfer function of FIG. 43 has 
only one breakpoint because only one active diode cir 
cuit (the circuit associated with ampli?er 405) is used 
to generate the curve of FIG. 43. The transfer function 
of FIG. 4f has two such breakpoints because two such 
circuits (the circuits associated with ampliiers 403 and 
404) are used to generate the curve of FIG. 4f. 
Each multiplier comprises a well-known commer 

cially available circuit such as the [4A 795, made by 
Fairchild Camera and Instrument Corporation. Each 
multiplier takes two input signals on leads 4 and 9 and 
produces an output signal on lead 14 proportional to 
the product of these two input signals. The way in 
which these multipliers work is well known and thus 
these multipliers will not be described in detail. 
The output signals from multipliers 414 and 424 

(FIG. 4b) are transmitted through input resistors 414b, 
4l4c and 4241;, 424c to the input leads of operational 
ampli?ers 415 and 425 respectively. The output signals 
from operational ampli?ers 415 and 425 are then trans~ 
mitted to one input lead of operational ampli?er 430 
through input scaling resistors 415C and 425C. The re 
sulting voltage VAMP from operational ampli?er 430 is 
sent to input lead 308b (FIG. 2). 
FIG. 4c is a curve of injection time versus the ratio 

of manifold absolute pressure to atmosphere pressure. 
As injection time increases, the period of the signal 
from oscillator 30 (FIG. 1) must increase and thus 
VH1,‘ must decrease algebraically. Note that the slope 
of the output signal from operational ampli?er 307 is 
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independent of v1.1”). Thus the period of the output 
signal from amplifier 307 is directly proportional to 
the amplitude of Vmp. 

It should be noted that the number of discontinuities 
in the curve of FIG. 4c can be controlled by controlling 
the number of operational ampli?ers used to generate 
this curve. 

TRANSIENT PROCESSOR 50 
FIG. 7 shows the circuitry used to control the cutoff 

of fuel to the engine. Pulses from the tachometer trans 
ducer (located on the crankshaft, for example) are sent 
on lead 700a to one-shot 701. One-shot 701 produces 
an output pulse of about 3 milliseconds duration. Oper 
ational ampli?er 703 has a feedback network compris 
ing a parallel-connected capacitor 703d and resistor 
703C and an input resistor 703a. This con?guration re 
sults in operational ampli?er 703 producing an output 
voltage proportional to the frequency of the pulses 
from one-shot 701. In one embodiment, amplifier 703 
was set to produce 1 volt per 1,000 rpm of the engine. 
The output signal from operational ampli?er 703 is 

sent through resistors 705a and 70Sfto the ungrounded 
input leads of comparators 706 and 707 respectively. 
Output lead 70012 connected at node 700e to the output 
lead from ampli?er 703 carries the signal from ampli 
?er 703 to input lead 4032' to operational ampli?er 403 
(FIG. 4a). The output signal from amplifier 703 is al 
ways negative in this embodiment. 
An input voltage derived from a temperature trans 

ducer (which might measure engine coolant tempera 
ture, for example) is transmitted to ampli?er 704 on 
lead 700C. The output signal from ampli?er 704, which 
provides a correction signal to compensate for devia 
tions in the engine temperature from its normal operat 
ing temperature, is sent to the non-grounded input 
leads of comparators 706 and 707 through resistors 
705C and 705d, respectively. 
The system has structure for preventing the engine 

from dying after the fully closed throttle position is 
sensed. The fully closed throttle position is sensed by 
a transducer on the throttle linkage. An output signal 
denoting fully closed throttle is sent on lead 700d to JK 
?ip-?op 708. The output signal from flip-?op 708 then 
stops the injection of fuel. When the engine slows to a 
selected speed a given amount above the speed at 
which the engine will die, fuel is resupplied to the en 
gine. An enabling signal, sent to ?ip-flop 708 from 
comparator 707, insures that fuel is not shut off unless 
the engine speed is suf?ciently above the cut-off speed 
of the engine to insure that there is some hysteresis in 
the engine’s fuel control function. 
The signal to disable one-shot 605 (FIG. 6) is trans 

mitted from the output lead on ?ip-?op 708 through 
NOR gate 709 to NOR gate 603 (FIG. 6). Normally, 
the output signal from NOR gate 709 is low level. The 
low-level output signal from ?ip-?op 708 correspond 
ing to a sudden deceleration or removal of the foot 
from the accelerator, results in a high~level output sig 
nal being produced on the output lead, of NOR gate 
709. This high-level signal disables one-shot 605. 

In addition, a high~level output signal can be pro 
duced on the output lead of NOR gate 709 by turning 
on transistor 710. This transistor is turned on in re— 
sponse to a high-level signal on its base from the crank 
motor transducer indicating that power is being applied 
to the crank motor simultaneously with a low-level sig 
nal on its collector from the lead labeled WOT denot 








