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[57] ABSTRACT 

A circuit for recognizing and providing full-load en 
richment fuel compensation for an electronic fuel con 
trol system is described herein. The circuit is adapted 
to recognize a signal which may be an engine operat 
ing parameter indicative of engine operation under 
full load and to thereafter incrementally increase the 
duration of the fuel injection command pulse gener 
ated by the main electronic fuel control system. In 
those electronic fuel control systems which provide a 
fuel injection command pulse whenever a generated 
voltage waveshape is below a threshold value, the 
present invention contemplates altering the shape of 
the generated waveshape to delay its excursion 
through the threshold value. 
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CIRCUIT FOR, PROVIDING ELECTRONIC 
ENRICIIMENT FUEL COMPENSATION IN AN 
ELECTRONIC FUEL CONTROL SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of my then 
copending commonly assigned and hereinbelow specif 
ically referenced US. application Ser. No. 101,896 
filed Dec. 28, 1970 issued on May 23, 1973 as US. Pat. 
No. 3,734,068. This application is also related to my 
copending commonly assigned US. Patent Application 
Ser. Nos. 

1. Ser. No. 219,490 filed Jan. 20, 1972 and issued on 
Nov. 13, 1973 as US. Pat. No. 3,771,502; 

2. Ser. No. 226,486 filed Feb. 15, 1972; 
3. Ser. No. 226,498 filed Feb. 15, 1972; 
4. Ser. No. 445,411 filed Feb. 25, 1974 
5. Ser. No. 471,511 filed May 20, 1974 as a reissue 

of US. Pat. No. 3,771,502. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention is related to the field of elec 

tronic fuel control systems for internal combustion en 
gines and particularly to that portion of the above 
described field which is concerned with the provision 
of accurately metered quantities of fuel during tran 
sient operating conditions of an internal combustion 
engine. In particular, the present invention is con 
cerned with that portion of the above-noted field which 
provides increased quantities of fuel for consumption 
by the engine when it is operating under a full-load con— 
dition. 

2. Description of the Prior Art 
“Full load" as used herein means that condition of 

engine operation which produces a manifold pressure 
which is substantially within 10 percent of the ambient 
atmospheric pressure. The prior art teaches that a con 
dition of full load may be determined by mechanically 
or electrically sensing the position of the air-controlling 
throttle plate and, when such a full load indicative posi 
tion is sensed, to provide an increase in the quantities 
of fuel delivered to the engine. However,isuch an im» 
plementation involves several areas of inaccuracy and 

‘difficulty. Firstly, mechanical sensing or mechanically 
positioned electrical contacts are subject to positioning 
errors and need frequent recalibration in order to in 
sure accuracy. Secondly, such implementations in a 
simple and economically convenient form permit only 
a digital determination that the full load enrichment re 
quirement is in force. The thereafter provided incre 
ments of fuel for full load enrichment purposes will be 
substantially uniform and will not thereafter conform 
to the actual engine requirements. Furthermore, sys 
tems which rely upon mechanical devices for the sig— 
nalling purpose are subject to relatively short life when 
compared with the automotive manufacturers’s desire 
of 50 to 100,000 mile life capability of their vehicle and 
engine systems. It is therefore an object of the present 
invention to provide a means for providing full load en» 
richment quantities of fuel which does not rely upon 
mechanical contacts to signal the need for full load en 
richment. It is a still further object of the present inven 
tion to provide a circuit which is capable of recognizing 
varying degrees of the full load enrichment require 
ment to provide enrichment quantities of fuel which 
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2 
may vary in accordance with need. It is a still further 
object 'of the present invention to provide in a purely 
electronic circuit form a means for recognizing and 
providing full load enrichment quantities of fuel and 
which is capable of meeting the automotive manufac 
turers‘ goal of 50 to 100,000 miles life capability. 

' SUMMARY OF THE PRESENT INVENTION 

The present invention provides a circuit for recogniz 
ing whether or not the engine is operating in a condi 
tion which would require full load enrichment and to 
thereafter vary the fuel supply controlling pulses to 
lengthenthose pulses in accordance with the degree to 
which engine ‘operation has been extended into the re— 
gion of the full load enrichment requirement. The pres 
ent invention makes use of the fact that the full load en 
richment requirement may be identi?ed by engine 
manifold pressures in excess of a predetermined value 
which may be, for example, atmospheric pressure 
minus 75 torr. One form of the present invention there 
fore receives, as an input signal, a signal indicative of 
the instantaneous engine manifold pressure and a refer— 
ence signal for comparison purposes. When the circuit 
recognizes that the manifold pressure has increased be 
yond the reference value, a switching circuit is acti 
vated to energize a current sink to decrease a value of 
a current which is then charging a timing capacitor. In 
this fashion, the rate of increase in the voltage across 
the timing capacitor will be reduced. In this manner, 
engine operation which is just slightly into the full load 
enrichment requirement region will receive just a small 
quantity of additional fuel for enrichment purposes 
while an engine which is opeating well into the region 
here full load enrichment quantities of fuel are required 
will receive a greatly enlarged quantity of fuel. 

In a preferred form of the present invention, the gen 
erated waveshape is provided with a full load enrich 
ment portion and-variations of the threshold level in re 
sponse to manifold pressures indicative of full load are 
arranged to be at values in excess of the minimum value 
of the full load enrichment portion. As the present in 
vention contemplates a fully electronic circuit which 
makes use of electronic signals present within an oper 
ating electronic fuel control system, the life objectives 
of the present invention are readily achieved. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows, in diagrammatic form, an electronic 
fuel control system for an internal combustion engine 
with which the present invention is of utility. 
FIG. 2 shows a block diagram of one form of elec 

tronic control unit for use in the system of FIG. 1. 
FIG. 3 shows an expanded block diagram of one por 

tion of the FIG. 2 block diagram illustrating one form 
of the present invention. 
FIG. 4 shows an expanded block diagram of one por 

tion of the FIG. 2 block diagram illustrating an alterna 
tive form of the present invention. 

FIG. 5 shows an electronic circuit realization of the 
present invention for use in the FIGS. 3 and 4 block di 
agrams. 
FIG. 6 shows an electronic circuit realization accord 

ing to FIGS. 2, 3, and 4 with which the present inven 
tion is of utility. 
FIG. 7 shows a voltage composite waveform, a trig 

gering pulse and a pulse length graph to illustrate the 
advantages of the present invention. 
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DETAILED DESCRIPTION OF THE DRAWING 

Referring now to FIG. 1, an electronic fuel control 
system is shown in schematic form. The system is com 
prised of a main computing means or electronic control 
unit 10, a manifold pressure sensor 12, a temperature 
sensor 14, an input timing means 16 and various other 
sensors denoted as 18. The manifold pressure sensor 12 

and the associated other sensors 18 are illustrated 
' mounted on throttle body 20 but it will be understood 
that other mounting locations are possible. The output 
of the computing means 10 is coupled to an electro 
magnetic injector valve member 22 mounted in intake 
manifold 24 and arranged to provide fuel from tank 26 
via pumping means 28 and suitable fuel conduits 30 for 
delivery to a combustion cylinder 32 of but one of sev 
eral forms of an internal combustion engine otherwise 
not shown. While the injector valve member 22 is illus 
trated as delivering a spray of fuel toward an open in 
take valve 34, it will be understood that this representa 
tion is merely illustrative and that other delivery ar 
rangements are known and utilized. Furthermore, it is 
well known in the art of electronic fuel control systems 
that computing means 10 may control an injector valve 
means comprised of one or more injector valve mem 
bers 22 arranged to be actuated singly or in groups of 
varying numbers in a sequential fashion as well as si 
multaneously. The computing means is shown as ener 
gized by battery 36 which could be a vehicle battery 
and/or battery charging system as well as a separate 
battery. _ ~ 

The block diagramshown in FIG. 2 illustrates the 
computing means 10 of FIG. 1 in a nonparticularized 
manner as applied to a fuel system utilizing two-group 
injection. In FIG. 2, there is shown a switching device 
38 capable of producing alternating output signals and 
receiving as input a signal or signals representative of 
engine crank angle as from sensor 16 of FIG. 1. Me— 
chanically, sensor 16 could be a single-lobed cam, 
driven by the engine and alternately opening and clos 
ing a pair of contacts. Since this arrangement could 
generate spurious signals, as by contact bounce, the 
switching device 38 will be described and discussed as 
a ?ip-?op since the ?ip-flop is known to produce a sub 
stantially constant level of output at one output loca 
tion and zero level at the‘other output location in re 
sponse to a triggering signal which need only be a spike 
input as illustrated by traces 1 and 2 but may also be 
of longer duration and a ?ip-?op may be readily made 
insensitive to other types of signals. Signals received on 
the nontriggering input will, of course, have no effect 
.on a ?ip-?op. Outputs 40 and 42 are connected to the 
input of unit 50 and are also connected to the inputs of 
a pair of AND gates with output 40 being connected to 
one input of AND gate 46 and the output 42 being con 
nected to one input of AND gate 48. Unit 50 is illus 
trated as receiving as its control input a signal from the 
pressure sensor 12 indicative of an engine operating 
condition and, therefore, of the engine fuel require 
ment. Sensor 12 is here shown coupled to a manifold 
lead or runner 52. The actual location of sensor 12 will 
depend upon the dynamic characteristics of the intake 
manifold and throttle body. Unit 50 also receives sig 
nals from temperature sensor 14 and it will be under 
stood that use of the other sensor inputs though not il 
lustrated is contemplated. However, for the sake of 
simplification, the additional control inputs have not 
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4 
been shown. The output of the unit 50 is connected to 
a second input of each AND gate 46 and 48. The out 
put of AND gate 46 is connected to amplifier 56 which, 
in turn, supplies controlling current to the first injector 
group. AND gate 48 is connected to amplifier 58 which 
supplies controlling current to the second injector 
group. i 

As will be readily apparent, the presence of an output 
signal from the ?ip-?op 38 will occur at one output lo 
cation to the exclusion of the other. This signal will 
then appear at one input of only one AND gate of only 
one‘amplifier. This signal selectively designates an in 
jector or injector group for imminent injection. For the 
sake of example, we shall assume that the output signal 
of the flip-?op 38 is at output location 40 so that the 
signal also appears at one input of AND gate 46. The 
signal from the output 40 ‘of the ?ip-?op 38 also ap 
pears at the gate 44 where, assuming the ?ip-flop 38 
has just changed state, a short duration signal is passed 
to the unit 50. Unit 50 is operative to produce an out 
put during the passage of a predeterminable amount of 
time. This time is determined by the values of the sen 
sory inputs applied to unit 50. During this initial period 
of time the output of the unit 50 is providing a full 
strength output signal. This signal is applied to one 
input of each of the AND‘gates 46 and 48. Because of 
the intrinsic nature of AND gates, an output signal is 
produced only while an input signal is being applied to 
each and every input. This then dictates that AND gate 
46 will produce an output to be amplified by ampli?er 
56 to open the first injector group since it is receiving 
an injector selection command directly from the ?ip 
flop 38 and an injector control command from the unit 
50. At the end of the time delay period, unit 50 pro 
duces a zero level signal so that the injection control 
command output signal is removed from the input to 
the AND gate 46 and the output of the AND gate 46 
goes to zero, thereby allowing the first injector group 
to close. During the period of time the ?rst injector 
group is open, a metered amount of fuel under pressure 
is injected by the first injector group. Depending upon 
particular electronics selected, suitable ampli?ers and 
/or inverters maybe used to match obtainable signals 
with desired or necessary circuit responses. 
Referring now to FIG. 3, the unit 50 of FIG. 2 is illus 

trated as a plurality of functional blocks. The unit 50 
is comprised of a waveshape generator 60, a variable 
reference level means 62, and the full load enrichment 
means 64 of the present invention. The waveshape gen 
erator 60 receives the triggering information from ?ip 
flop 38 and generates a voltage waveshape in response 
thereto such'as is illustrated by waveshape 90 in FIG. 
7. The electronic circuit diagram of FIG. 6 shows one 
way of generating the desired waveshape and will be 
discussed in greater detail hereinbelow. Additionally, 
applicant’s co-pending commonly assigned application 
Ser. No. 101,896, ?led Dec. 28, 1970, now issued as 
United States patent 3,734,068 and titled “Fuel Injec 
tion Control System” provides further discussion and 
‘illustration of electronic circuits to achieve the wave 
shape generating function of generator 60. The wave~ 
shape voltage is applied to variable reference level 
means 62 and full load enrichment means 64 through 
parallel circuit paths.‘ The variable reference level 
means 62 receives a signal from the pressure sensor 12 
to establish a switching level. An electronic realization 
of this unit is also illustrated in FIG. 6. It should be 
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noted that the pressure signal input received by the 
variable reference level means 62 may be communi‘ 
cated directly of sensor 12 or it may be suitably pro 
cessed to provide a desired relationship between pres 
sure variations and threshold variations. Such process 
ing as may be desired is taught in my copending com 
monly assigned applications Ser. No. 170,566, filed 
Aug. 10, 1971 and titled “Pressure Signal Shaping Net 
work” and Ser. No. 170,564 filed Aug. 10, 1971 and 
titled “Method and Apparatus for Providing A Nonlin 
ear Pressure Transducer Output Signal.” The full load 
enrichment means 64 receives a variable signal at input 
port 66 which corresponds to outlet port 66 of FIG. 6 
and which, in this instance, is the generated waveshape 
and compares the waveshaoe against a reference value. 
The reference value may be selected or determined 
through analytical or empirical testing for particular 
engine design configurations. The full load enrichment 
means 64 may be arranged to provide an output signal 
as at 68 which is indicative of whether or not the gener 
ated waveshape voltage is greater than or less than the 
established reference denoted here as R. By suitable 
circuit configurations such as illustrated in FIG. 5, the 
full load enrichment means 64, or for that matter, the 
waveshape generator means 60 may be arranged to 
alter the waveshape when it passes through the refer 
ence level. This altered waveshape would then be ap 
plied to the threshold establishing means in order to ac 
complish the full load enrichment pulse lengthening 
objectives of the present invention. 
Referring now to FIG. 4, an alternate arrangement of 

signal processing to that illustrated in FIG. 3 is shown. 
Since substantially the same units are illustrated in FIG. 
4 as were illustrated in, and discussed with reference to, 
FIG. 3 the same identifying numerals have been applied 
to the corresponding units. FIG. 4 differs from FIG. 3 
primarily in the sequence of information processing. 
Full load enrichment means 64 receives, as its variable 
input 66, the pressure signal generated by sensor 12. 
This could be the same signal as received by variable 
reference level means 62 (i.e., either as generated or as 
processed) or it may receive different processing to 
provide a different pressure response characteristic 
than that provided to variable reference level means 
62. As with the FIG. 3 embodiment, the variable signal 
‘66 is compared with a reference signal R to generate an 
output signal at 68 for affecting the operation of wave 
shape generating means 60 in the manner described 
hereinabove. 
Referring now to FIG. 5, an electronic circuit realiza 

tion of full load enrichment means 64 is illustrated. The 
enrichment means 64 includes a bistable comparison. 
circuit 70 having a pair of transistors 72, 74, a switch 
ing means in the form of transistor 76 and a circuit 
means 78 actuable in response to the switching means 
76 operative to controllably vary the waveshape gener 
ated by the generator means 60 of FIGS. 3 and 4. The 
circuit means 78 is here illustrated as a current sink 

having a control transistor 80 and a current dissipating 
resistor 82. 
The R reference signal is generated by a voltage di 

vider network comprised of resistors 84, 86 intercon 
necting the source of voltage B+ with the common or 
ground. The voltage source B+ may be, for instance, 
the vehicle battery 36 or the commonly provided bat 
tery charging system or it may be a separately provided 
voltage source. The junction of resistors 84, 86 is cou‘ 
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6 
pled to the base or control electrode of transistor 74 
and this connection is identified as R to correspond 
with the similarly designated signal input of FIGS. 3 
and 4. This reference signal may be ofa fixed value but 
it is preferable to provide for variations in the ambient 
pressure by provided compensation in the form of the 
known ambient pressure compensation techniques. For 
example one of resistances 84, 86 may include a pres 
sure responsive potentiometer portion responsive to 
the ambient pressure. The collector of transistor 74 is 
connected to the voltage source, B+, and the emitter of 
transistor 74 is coupled to the emitter of transistor 72. 
Both emitters are connected to resistor 88 going to 
ground. The base of transistor 72 is adapted to receive 
the variable input signal from input 66. The arrange 
ment is commonly known as an emiter-coupled pair 
and is adapted to have one, and only one, of the transis 
tors 72, 74 in conduction at anyone time. The transis‘ 
tor in conduction in the arrangement illustrated which 
utilizes npn transistors will be the transistor whose base 
or control electrode receives the more positive voltage 
signal. When the transistor 72 goes into conduction, 
the current flow through the collector electrode will 
cause a current ?ow through the emitter-base junction 
of transistor 76 of the switching means and circuit 
means 78 will be switched into an on or active mode. 

Referring now to FIG. 6, an electronic circuit is illus 
trated to satisfy the function requirements of blocks 60 
and 62 in the block diagrams of FIGS. 3 and 4. The 
waveshape generating circuit means 60 is comprised of 
a pair of current sources 601, 602 which are alternately 
applied to a pair of capacitors 603, 604 by a switching 
network 605 receiving the triggering signals 40, 42. 
The rate at which the capacitors 603, 604 are initially 
charged and are discharged is controlled by network 
606 also receiving the triggering signals 40, 42. Vari 
able reference level means 62 samples the highest volt 
ages appearing across capacitors 603, 604 and com 
pares this value with the level established by the pres 
sure sensor means signal as described hereinabove. 

The current source 601 is comprised of transistor 
101 whose base is connected to the junction of a pair 
of voltage dividing resistors 110, 111 and whose emit 
ter is connected to resistor 112. The resistors 111 and 
112 are connected to a source of potential identified as 
B+ and resistor 110 goes to ground. Current source 
602 is similarly comprised of a transistor 102 whose 
base is coupled to the junction of voltage divider resis 
tors 114, 115 and whose emitter is connected to resis 
tor 113 which is also connected to the B+ source. This 
arrangement is operative to establish a known level of 
constant current ?ow in the collectors of transistors 
101, 102, respectively. The collector of transistor 101 
is then connected in a parallel fashion to the collectors 
ofa pair of transistors 131, 132. Similarly, the collector 
of transistor 102 is connected in parallel to the collec~ 
tors of a pair of transistors 133, 134. The base of tran 
sistors 131 and 134 are connected together through re 
sistances 141, 142 while the bases of transistors 132, 
133 are connected by way of resistances 143, 144. The 
junction of resistances 141, 142 is arranged to receive 
the trigger signals as at 40 while the junction of reist 
ances 143, 144 is arranged to receive the trigger signals 
as at 42. The emitters of transistors 13] and 133 are 
connected to capacitor 603 while the emitters of tran 
sistors 132 and 134 are connected to capacitor 604. 
This circuit is then arranged to provide the current flow 

— 
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from current source 601 through transistor 131 to ca 
pacitor 603 and the current from source 602 through 
transistor 134 to capacitor 604whenever a high voltage 
signal is present on lead 40 and a low voltage signal is 
present on lead 42. Whenever a low voltage signal is 
present on lead 40 and a high voltage signal is present 
on lead 42, the current from source 601 will ?ow 
through transistor 132 to capacitor 604, while the cur 
rent from source 602 flows through transistor 133 to 
capacitor 603. The full load enrichment means 64 are 
operative to provide a current sink to selectively ex 
tract current from the network feeding current into the 
capacitors 603, 604. In this fasion, the instantaneous 
voltage across the capacitors 603, 604 can be con 
trolled in a preprogrammed fashion so as to in?uence 
the voltage appearing at circuit lead 66. By means of 
the diodes 161, 162 which are directly connected to the 
capacitors 603, 604 the voltage appearing at’circuit 
lead 66 will be a value representative of the highest of 
the voltage drops across capacitors 603, 604. 
Network 606 is comprised of first, second, third and 

fourth control transistors, numbers 135, 136, 137, and 
138, respectively, a plurality of voltage level establish 
ing resistor pairs 139, 140, and a plurality of voltage 
level establihing diode means 145 through 150. Reset 
means 151, and additional voltage level establishing di 
odes 152, 153, are also illustrated. Change of state of 
the ?ip-?op 38, as illustrated in FIG. 2, will reverse the 
high-low signal relationship appearing on triggering 
leads 40, 42, and the appearance ofa high signal on one 
gate, for instance lead 40, will result in the generation 
of a reset pulse from reset means 151 which can be ar 
ranged to be a relatively high level signal. For example, 
reset means 151 may be a monostable multivibrator or 
other circuit arranged to generate a high level signal for 
a predtermined period of time upon the receipt of a 
high level triggering signal. The presence of these high 
level signals at circuit lead 40 and at the output of reset 
means 151 will cause junction 154 to be at a relatively 
high level and, through diode means 147, transistor 138 
will be conduction. This will, in turn, cause transistor 
137, having its emitter connected to capacitor 603, to 
be in conduction so that the voltage then appearing 
across capacitor 603 will be dumped as a current flow 
to ground through the conducting transistors 137, 138. 
This voltage dump will continue until the voltage ap 
pearing across capacitor 603 reaches a low level deter 
mined by the number of pn junctions between capaci 
tor 603 and ground. During this time interval, current 
flow from current source 101 through transistor 131 
will be dumped to the extent that it would represent ex— 
cess voltage across capacitor 603. Upon the termina— 
tion of the reset pulse from reset means 151, the volt 
age at junction 54 will drop and. due to the plurality of 
diodes in diode means 147, will be insufficient to main 
tain transistor 138 in conduction. This will cause tran 
sistor 138 and in turn transistor 137 to switch of, 
thereby terminating the voltage dump of capacitor 603 
and also permitting the current ?ow from current 
source 601 to increase the voltage level across capaci 
tor 603. With reference to FIG. 7, the time interval of 
the reset pulse 151 would correspond to the initial 
charging interval A—B on curve 90, while the time in 
terval B-C would represent the period during which ca 
pacitor 603 is being charged by the current source 101. 
The level indicated by the C-D line of curve 90 of FIG. 
7 represents a level when the charge across capacitor 

20 

25 

35 

45 

65 

8 
603 is sufficiently high relative to the voltage level es 
tablished by the voltage divider effects of resistors 110, 
l l 1, that the base-collector junction of transistor 101 
is forward biased, and the transistor is in saturation. 
The operation of network 606 with regard to the re 
ceipt of a high level signal on triggering lead 42 is sub 
stantially the same as described hereinabove in view of 
the fact that the network 606 is comprised of two sub 
stantially identical havles, one of which has been de 
scribed in detail herein. By suitable selecting the resis 
tive values along with maintaining a relatively small ca~ 
pacitor value of capacitor 603, it'can be arranged that 
the discharge of capacitor 603 down to the level repre 
sented by the A—B portion of curve 90 in FIG. 7 can 
occur in a very brief time scale relative to the duration 
of a triggering pulse. 

Variable reference level means 62 receives a signal 
indicative of the manifold pressure at 170 and this sig— 
nal is applied to the base of transistor 172. The base of 
transistor 171 receives the signal from circuit lead 66. 
As the emitters of transistors 171, 172 are coupled to 
gether, one of these transistors will be in conduction 
depending upon which has a base residing at a higher 
voltage value. When the value appearing on circuit lead 
66 exceeds the value appearing on circuit input 170, 
transistor 171 will go into conduction and transistor 
172 will drop out of conduction. Termination of con 
duction of transistor 172 will consequently terminate 
conduction of transistor 173. While transistor 172 was 
conducting, transistor 173 was also conducting and a 
relatively high voltage signal was present at circuit lo 
cation 174 due to the voltage divider action of resistors 
182-, 183. However, termination of conduction of tran 
sistor 173 will result in a substantially zero or ground 
level signal appearing at circuit location 174 due to the 
lack of current flow through the resistors 182, 183. 
This output signal may be applied to the AND gates 46, 
48 in the FIG. 2 embodiment to constitute an injection 
command signal. 

Referring now to FIGS. 5, 6, and 7, the operation of 
the present invention will be illustrated. A series of trig 
gering pulses will be received on circuit leads 40, 42, 
such that they are complimentary. That is, the presence 
of a pulse on circuit lead 40 indicates the absence of a 
pulse on circuit lead 42 and the presence of a circuit 
pulse on circuit lead 42 represents the absence of a cir‘ 
cuit pulse on circuit lead 40. Receipt of a circuit pulse 
on circuit lead 40 will cause current II to be applied to 
capacitor 603 and current I2 to be applied to capacitor 
604. Termination of the pulse on circuit lead 40 and 
the generation of the pulse on circuit lead 42 will cause 
capacitor 604 to be dumped through transistor 135 and 
to be immediately charged with current I, while the 
current 12 is applied to capacitor 603 to generate a fur 
ther charge thereon. Particularly with reference to FIG. 
7, the curve identified as 90 will be generated with that 
portion between the letters A and D being generated by 
the flow of current Il into a capacitor 603 or 604 and 
that portion having a magnitude greater than that at D, 
the computing portion, being generated by the flow of 
current 12 into the same capacitor. As can be seen, 
point D coincides in time with the occurrence, for pur~ 
poses of this illustration, of trigger pulse 42. Circuit 
lead 66 is at a voltage value which is the largest of the 
voltages across capacitors 603, 604 and is communi 
cated to the base of transistor 72 in the full load enrich~ 
ment circuit 64 and as soon as its voltage value exceeds 
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the reference valueuthe current sink 78 will go into op 
eration and will extract current from circuit lead 68 
which is communicated to the 12 current source. This 
will result in lessening the slope of the curve 90. As can 
be seen from FIG. 7, if the reference value is as repre 
sented by the R point and the threshold level is repre 
sented by 92, the decrease in slope of curve 90 will re 
sult in a lengthening of pulse 94 with the actual amount 
of the lengthening being dependent upon the magni 
tude of the difference between the threshold level 92 
and the R breakpoint, or in other words the degree to 
which engine operation has extended into the full load 
enrichment requirement. 

It should be noted that the FIG. 5 embodiment is in 
tended to be merely illustrative and that modifications 
may be made therein, for example, the circuit means 78 
could also be a current source which adds current to 

that provided by current source 602. The switching 
means 76 could then be arranged to terminate the com 
munication of this additional current to the appropriate 
capacitor to achieve the desired slope reduction and 
concomitant pulse lengthening. 

I claim: 
1. In an internal combustion engine fuel control sys' 

tem of the type having an intake manifold for providing 
air to the engine, sensor means including means for 
generating a signal indicative of engine load, and com 
puting means responsive to the sensor means for pro 
viding a train of fuel delivery command signals varying 
from an engine speed determined first value to a sec‘ 
ond value determined at least in part by said signal indi 
cating engine load, the durations of said fuel delivery 
command signals between said engine speed deter 
mined first value and said second valve determining 
quantities of fuel supplied to the engine, the improve 
ment comprising a full load enrichment circuit having: 
means for providing a reference signal representing 

a predetermined engine load at which the air pres 
sure in the intake manifold is within ten percent of 
atmospheric pressure; and 

means for comparing the reference and load indicat 
ing signals and changing the duration of the fuel de 
livery command signals in response to load indicat 
ing signal values having a predetermined relation 
ship with respect to said reference signal. 

2. The fuel control system of claim 1 in which: 
said means for changing the duration of said fuel de 

livery command signals comprise: 
current sink means; and 
switching means responsive to the reference and en 
gine load indicating signals for_ switchingly con 
necting said current sink means to drain energy 
from the means for providing said fuel delivery 
command signals and thereby increase the time re 
quired for a command signal to reach said second 
value. 

3. The fuel control system of claim 2 in which: 
the means for providing said train of fuel delivery 
command signals comprise a capacitor, and means 
for intermittently charging and discharging said ca 
pacitor; and 

said switching means comprise means for connecting 
said current sink means to drain energy from said 
capacitor in response to an engine load indicating 
signal having a value greater than the value of said 
reference signal. 
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4. In an internal combustion engine fuel control sys 

tem of the type having sensor means including means 
for generating a signal indicative of engine load, and 
computing means responsive to the sensor means for 
producing a train of fuel delivery command signals that 
vary from an engine speed determined first value to a 
second value, said signal indicating engine load deter 
mining said second value and thereby determining at 
least in part the time requiredfor a fuel delivery com 
mand signal to reach said second value. the durations 
of said fuel delivery command signals between said en 
gine speed determined first value and said second value 
determining the quantity of fuel supplied to the engine. 
the improvement comprising a full load enrichment cir 
cuit having: 
means for providing a reference signal representing 

a predetermined engine load; and 
means for comparing the reference and fuel delivery 
command signals and reducing the variation rate of 
each fuel delivery command signal reaching said 
reference value to thereby increase the quantity of 
fuel being supplied to the engine. 

5. The fuel control system of claim 4 in which: 
The means for providing said train of fuel delivery 
command signals comprise a capacitor and current 
source means for intermittently charging and dis 
charging said capacitor; and i 

said means for reducing the variation of said fuel de 
livery command signals comprise: 

current sink means for draining energy from said ca 
pacitor; and 

switching means responsive to the reference and fuel 
delivery command signals for switchingly connect 
ing said current sink means to said capacitor in re 
sponse to a fuel delivery command signal reaching 
said reference value. 

6. In an internal combustion engine fuel control sys» 
tem of the type having sensor means, including means 
to generate a signal indicative of engine load, respon 
sive to engine conditions operative to produce signals 
indicative of engine operating parameters, computing 
means responsive to the sensor means signals operative 
to produce a fuel delivery command signal indicative of 
the engine fuel requirement and fuel supply means re 
sponsive to the fuel delivery command signal operative 
to supply the engine with fuel in relation to the fuel de 
livery command signal, wherein the computing means 
comprise waveform generating means operative to gen 
erate ‘a composite waveform signal having an initial 
izing portion defining an engine speed determined ini 
tializing level and a computing portion having a prede 
termined slope increasing from said initializing level 
and threshold means receiving said waveform on one of 
said sensor signals operative to establish a sensor signal 
determined threshold level, and further operative to 
generate an output signal whenever the computing por 
tion of the waveform signal has a level which has a se 
lected relationship with the established threshold, the 
improvement comprising‘ 

electronic circuit means responsive to the sensor 
means signal indicativeof a condition of engine 
loading in excess of a predetermined amount oper 
ative to generate a signal indicative of a need for 
full load enrichment, wherein said electronic cir 
cuit means comprise switching means having a pair 
of stable states responsive to the computing portion 
of the waveform signal having attained a prese 

—— 
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lected value operative to switch from one state to 
the other to generate a signal indicative of the in 
stantaneous relationship between the computing 
portion and said preselected value, and 

means responsive to said enrichment signal operative 
to modify the fuel delivery command signal to 
cause the fuel supply means to increase the deliv 
ery of fuel to the engine, said enrichment signal re 
sponsive means being responsive to said switching 
means indication of a predetermined relationship 
between the computing portion and the prese 
lected value and are operative to alter the slope of 
the computing means signal. 

7. The system as claimed in claim 6 wherein said 
waveform generating means comprise current source 
means operative to generate an electrical current and 
receiving means intermittently receiving said current 
source means current operative to generate a signal 
having a level indicative of the duration said current 
has been received and said enrichment signal respon 
sive means comprise current sink means operative 
when actuated to reduce the level of current being re 
ceived by said receiving means. 

8. In an internal combustion engine fuel control sys 
tem of the type having a plurality of sensor means re 
sponsive to engine conditions operative to generate sig 
nals indicative of engine operating parameters, com 
puting means responsive to the sensor means signals 
operative to produce a fuel delivery command signal 
indicative of the engine fuel requirement and fuel sup 
ply means responsive to the fuel delivery command sig 
nal operative to supply the engine with fuel in relation 
to the fuel delivery command signal wherein the com 
puting means comprises first generating means for gen 
erating a voltage signal waveform having predetermi 
nable first and second waveform portions and second 
generating means for generating the fuel delivery com 
mand signal while the second waveform portion re 
mains below a sensor means signal controlled second 
value, said first portion de?ning a ?rst value varying 
with engine speeds and said second portion commenc 
ing at said first value and increasing towards said sec 
ond value the improvement to said computing means 
comprising: 

circuit means responsive to at least one of said plural 
ity of sensor means operative to generate a signal 
indicative of engine operation within a selected 
range of engine conditions coupled to the comput 

, ing means ?rst generating means operative to con 

trollably vary the slope of the‘second waveform 
portion in response to the degree of engine opera 
tion within said selected range. 

9. The system as claimed in claim 8 wherein the first 
generating means comprise capacitor means, at least 
two current source means and switching means to se 

quentially apply the currents generated by the current 
source means to the capacitor means, the ?rst current 
source‘operative to generate the first waveform portion 
across the capacitor means and the second current 
source means operative to generate the second wave 
form portion across the capacitor means and said cir 
cuit means comprise means for ‘generating a control 
signal in response to engine operation within a selected 
range of engine operating conditions and means for ap 
plying said control signal to the second current source 
means, said control signal operative to control the mag 
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12 
nitude of the current generated by the second current 
source means. 

10. The system as claimed in claim 9 wherein said 
control signal is operative to terminate the communica 
tion of current generated by said second current source 
means. 

1 1. In an internal combustion engine fuel control sys 
tem of the type having sensor means responsive to en 
gine conditions operative to produce at least one signal 
indicative of engine operating parameters, computing 
means responsive to the sensor means signal operative 
to produce a fuel delivery command signal indicative of 
the engine fuel requirement and fuel supply means re 
sponsive to the fuel delivery command signal, the com 
puting means including first means for generating a 
predeterminable waveshape signal and second means 
for generating a threshold level and responsive to the 
generated waveshape operative to produce as output 
signal the fuel delivery command signal while the gen 
erated waveshape bears a preselected relationship to 
the threshold level wherein the first generating means 
comprise capacitor means, at least two current source 
means and switching means to sequentially apply the 
current generated by the current source means to the 
capacitor means, the first current source operative to 
generate an engine speed determined ?rst waveform 
portion across the capacitor means and the second cur 
rent source means operative to generate a second 
waveform portion across the capacitor means increas 
ing from said ?rst portion the improvement comprising: 

circuit means coupled to said ?rst means and respon 
sive to selected conditions of the generated wave 
shape operative to controllably alter the waveshape 
and 

said circuit means comprising means for generating 
a control signal in response to engine operation 
within a selected range of engine operating condi 
tions and means for applying said control signal to 
the second current source means, said control sig 
nal operative to control the magnitude of the cur 
rent generated by the second current source 
means. 

12. The system as claimed in claim 11 wherein said 
control signal is operative to terminate the communica 
tion of current generated by said second current source 
means. 

13. In an internal combustion engine fuel control sys 
tem of the type having an intake manifold for providing 
fuel to the engine, sensor means including means for 
generating a load signal indicative of intake manifold 
air pressure, and computing means responsive to the 
sensor means for providing a train of fuel delivery com 
mand signals having durations determined at least in 
part by said signal indicating manifold air pressure, the 
durations of said fuel delivery command signals deter 
mining quantities of fuel supplied to the engine, the im 
provement comprising a full load enrichment circuit 
having: 
means for providing a reference signal representing 

a predetermined relationship with respect to atmo 
spheric pressure and for varying said reference sig 
nal in accordance with atmospheric pressure varia 
tion; and 

means for comparing the reference and load indicat 
ing signals and changing the duration of the fuel de 
livery command signals in response to load indicat 
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ing signal values having a predetermined relation 
ship with respect to said reference signal. 

14. In an internal combustion engine fuel control sys 
tem of the type having an intake manifold for providing 
fuel to the engine, sensor means including means for 
generating a load signal indicative of intake manifold 
air pressure, and computing means responsive to the 
sensor means for producing a train of fuel delivery 
command signals that vary from an engine speed deter 
mined first value to a second value, said load signal in 
dicating manifold air pressure determining said second 
value and thereby determining at least in part the time 
required for a fuel delivery command signal to reach 
said second value, the durations of said fuel delivery 
command signals between said first and second values 
determining the quantity of fuel supplied to the engine, 
the improvement comprising a full load enrichment cir 
cuit having: 
means for providing a reference signal representing 

a predetermined relationship with respect to atmo 
spheric pressure and for varying said reference sig 
nal in accordance with atmospheric pressure varia 
tion; and 

means for comparing the reference and fuel delivery 
command signals and reducing the variation rate of 
each fuel delivery command signal reaching said 
reference value to thereby increase the quantity of 
fuel being supplied to the engine. 

15. In an internal combustion engine fuel control sys 
tem of the type having a plurality of sensor means each 
responsive to a different engine operating condition to 
generate a respective engine operating parameter sig 
nal, electronic fuel command signal computing means 
comprising: 

a. capacitor means; 
b. first and second current source means for generat 

ing respective currents; 
c. switch means for alternately coupling said capaci 

tor means to said first and second current sources 

whereby a first waveform is provided by said ca 
pacitor means while said first current source is cou 
pled thereto and a second waveform having succes 
sive first and second slopes is generated by said ca 
pacitor means when said second current source is 

20 

25 

30 

35 

40 

45 

55 

65 

14 
coupled thereto; 

d. first and second reference means for providing re 
spective first and second reference signals varying 
in accordance with respective first and second en 
gine operating parameter signals; and 

e. first and second comparator means each having a 
first input, a second input and an output. said first 
input coupled to said capacitor means, said second 
input coupled to a different one of said first and 
second reference means, said output of said first 
comparator means operative to provide a fuel in 
jection command signal commencing when said ca 
pacitor means is switched from said first current 
source means to said second current source means 

and terminating when said second waveform ex 
ceeds said ?rst reference signal, and said output of 
said second comparator means coupled to said sec 
ond ‘current source means to vary the current gen 
erated thereby from said first slope to said second 
slope said second waveform exceeds said second 
reference signal; 

wherein said second waveform increases along said first 
slope as long as said second waveform is less than said 
second reference signal whereafter said second wave 
form increases along said second slope so that after said 
second waveform exceeds said second reference signal 
the time required to reach said first reference signal is 
changed from it would have been if said second com 
parator means had not varied the current generated by 
the second source means. 

16. In the electronic fuel command computing circuit 
of claim '15 said switching means operative to effect se 
lective discharge and charge of said capacitor means 
when coupled to one of said ?rst and second current 
source means in accordance with the time elapsed from 
the switching of said capacitor means from said second 
current source means to said first current source means 

and said second comparator output operative to de 
crease the current generated by said second current 
source means to effect fuel enrichment when said first 
reference signal is greater than said second reference 
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