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[5 7] , ABSTRACT 

An auxiliary circuit for an electronic fuel control 
system to facilitate hot starting of the associated en 
gine is disclosed herein. The circuit is responsive to 
engine temperature above a selected level and is 
operative to lengthen fuel injection control pulses by 
an amount calculated by the circuitry to be necessary 
to purge the injectors and the fuel supply conduits of 
any vapors forming as a result of excessive engine 
compartment temperatures. The circuit comprises a 
?rst means to generate a signal indicative of the tem 
perature condition and a second means to translate 
this signal into an appropriate voltage for application 
to the main computing portion of the electronic fuel 
control system. 

11 Claims, 3 Drawing Figures 
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HOT START AUXILIARY CIRCUIT FOR 
ELECTRONIC FUEL CONTROL SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention is related to the ?eld of fuel 

control systems in general and in particular to the field 
of electronic fuel control systems adapted for use with 
internal combustion reciprocating piston engines. 

2. Description of the Prior Art 
The prior art is generally concerned with fuel control 

systems which are adapted to provide fuel for engine 
operation at the stoichiometric fuel/air ratio, or which 
operate in the rich mode. By “rich mode” is meant that 
the fuel/air ratio for the engine is adjusted to contain 
more fuel than would be required for operation at the 
stoichiometric point. Conversely, “lean mode” denotes 
operation at a fuel/air ratio which contains less fuel 
than would be required for operation at the 
stoichiometric point. 

In systems which operate in the rich mode, starting 
the vehicle under a condition of heat soak did not 
present any great problem because the leaning out of 
the fuel caused by the formation of fuel vapor will not 
lower the fuel/air ratio below a point at which the en 
gine would start. Thus, the teachings of the prior art are 
not adequate to provide for the situation of vehicle en 
gine operation in the lean mode. The leaning out of the 
air/fuel ratio which is caused by the formation of fuel 
vapor under condition of heat soak is suf?ciently ex 
treme so that the mixture is no longer combustible with 
suf?cient force and energy to start the engine. It is, 
therefore, an object of the present invention to provide 
a circuit means which will recognize a condition of heat 
soak and which will provide adequate compensation 
for the main computing circuitry so that additional 
quantities of fuel and vapor are injected thereby main 
taining the fuel/air ratio at a sufficiently high value so 
that starting may be undertaken. It is a further object of 
the present invention to provide such a circuit in a sim 
ple and economical form for altering signals already 
present within the main computing portion of the elec 
tronic circuitry. It is a still further object of the present 
invention to provide such a circuit which may utilize 
the signal indicative of engine temperature which is al 
ready present within the main computing portion of the 
electronic fuel control system. 

SUMMARY OF THE PRESENT INVENTION 

The present invention contemplates the addition of 
circuitry comprised of two major components to sense 
the condition of temperature of the engine and to ad 
just a voltage signal which already exists within the 
main computing portion of the electronic control 
system to thereby lengthen the individual injection con 
trol pulses by which an injector valve means is con 
trolled. By lengthening these pulses, additional incre~ 
merits of fuel and fuel vapor will be injected into the en 
gine to be started and will thus increase the fuel/air 
ratio to a point where the engine can start and be self 
sustaining. 

“I-Iot soak” is that condition which exists in the time 
period immediately after the shutting down of an en 
gine which had previously been operating for some 
period of time. This condition manifests itself by the 
elevation of the temperature of that engine to a point 
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2 
which may be as high as 260°F and, in some engines, 
may go even higher. Under such a temperature condi 
tion, the fuel which then resides within the fuel supply 
system and injector valves in the vicinity of the engine 
will be elevated in temperature and fuel vapor bubbles 
willform therein. By providing the circuitry of the 
present invention, the injector valves of the engine, 
during a subsequent high temperature restart, will be 
maintained in the open position for a period of time 
longer than would normally be required so that the 
system may “purge” itself of the undesirable fuel 
vapor. In order to provide temperature stability, the 
control transistor is provided with an equal number of 
pn junctions between the base electrode and ground 
and between its control electrode and the source of 
temperature signal. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows a schematic diagram of an electronic 
fuel control system adapted to a reciprocating-piston 
internal combustion engine. 

FIG. 2 shows, in diagrammatic circuit form, an elec 
tronic fuel control main computing circuit. 

FIG. 3 shows a circuit diagram for achieving the ob 
jects of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1, an electronic fuel control 
system is shown in schematic form. The system is com 
prised of an electronic control unit, or computing 
means 10, a manifold pressure sensor 12, a tempera 
ture sensor 14, an input timing means 16 and various 
other sensors denoted as 18. Temperature sensor 14 
may sense engine temperature directly or indirectly or 
may also sense injection temperature directly or in‘ 
directly. The manifold pressure sensor 12 and the as 
sociated other sensors 18 are mounted on throttle body 
20. The output of the computing means 10 is coupled 
to an electromagnetic 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 an internal combustion engine otherwise not 
shown. While the injector valve member 22 is illus 
trated as delivering a spray of fuel towards 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 
simultaneously. The computing means is shown here as 
energized by battery 36 which could be a vehicle bat 
tery or a separate battery. 

Referring now to FIGS. 1 and 2 and particularly to 
FIG. 2, an electronic fuel control system main compu 
tation circuit 110 is shown. The circuit is shown as 
being energized by a voltage supply designated as B+ at 
the various locations noted. In the application of this 
system to an automotive engine fuel control system, the 
voltage supply could be ‘the battery 36 and/or battery 
charging system conventionally used as the vehicle’s 
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electric power source. The man skilled in the art will 
recognize that the electrical polarity of the voltage 
supply could be readily reversed. ' 
The circuit 110 receives, along with the voltage 

supply, various sensory inputs, in the form of voltage 
signals in this instance, indicative of various operating 
parameters of the associated engine. Intake manifold 
pressure sensor 12 supplies a voltage indicative of 
manifold pressure, temperature sensor 14 is operative 
to vary the voltage across the parallel resistance as 
sociated therewith to provide a voltage signal indicative 
of engine temperature and voltage signals indicative of 
engine speed are received from input timing means 16 
at circuit input port 116. This signal may be derived 
from any source indicative of engine crank angle, but is 
preferably from the engine ’s ignition distributor. 
The circuit 110 is comprised of a ?rst stage indicated 

generally as 108 and a second stage indicated generally 
as 109 and is operative to provide two consecutive pul 
ses, of variable duration, through sequential networks 
to circuit location 118 to thereby control the “on” time 
transistor 120. The ?rst pulse is provided via resistor 
122 from the ?rst stage 108, that portion of circuit 110 
having inputs indicative of engine crank angle and in 
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take manifold pressure. The termination of this pulse _ 
initiates a second pulse which is provided via resistor 
124 from the second stage 109, that portion of the cir 
cuit 110 having an input from the temperature ‘sensor 
14. These pulses, received sequentially at circuit loca 
tion 118, serve to turn transistor 120 “on” (that is, 
transistor 120 is triggered into the conduction state) 
and a relatively low voltage signal is present at circuit 
output port 126. This port may be connected, through 
suitable inverters and/or ampli?ers to the injector valve 
means (shown in FIG. 1) such that the selected injector 
valve means are energized whenever the transistor 120 
is “on". It is the current practice to use switching 
means to control which of the injector valve means are 
coupled to circuit location 126 when the system is used 
for actuation of less than all injector valve means at any 
one time. Because the injector valve means are rela 
tively slow acting, compared with the speed of elec 
tronic devices, the successive pulses at circuit point 
118 will result in the injector valve means remaining 
open until after the termination of the second pulse. 
The duration of the ?rst pulse is controlled by the 

monostable multivibrator network associated with 
transistors 128 and 130. The presence of a pulse 
received via input port 116 will trigger the multivibra 
tor into its unstable state with transistor 128 in the con 
ducting state and transistor 130 blocked (or in the non 
conducting state). The period of time during which 
transistor 128 is conducting will be controlled by the 
voltage signal from manifold pressure sensor 12. (Ion 
duction of transistor 128 will cause the collector l28c 
thereof to assume a relatively low voltage close to 
ground or common voltage. This low voltage will cause 
the base 134b of transistor 134 to assume a low voltage 
below that required for transistor 134 to be triggered 
into the conduction state, thus causing transistor 134 to 
be turned “off”. The voltage at the collector 1340 will, 
therefore, rise toward the 13+ value and will be commu 
nicated via resistor 122 to circuit location 118 where it 
will trigger transistor 120 into the “on" or conduction 
state thus imposing a relatively low voltage signal at cir 
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cuit port 126. As hereinbefore stated, the presence of a 
low voltage signal at circuit port 126 will cause the 
selected injector valve means to open. When the volt 
age signal from the manifold pressure sensor 12 has 
decayed to the value necessary for the multivibrator to 
relax or return to its stable condition, transistor 130 
will be triggered “on” and transistor 128 will be turned 
“off”. This will, in turn, cause transistor 134 to turn 
“on”, transistor 120 to turn “off ” and thereby remove 
the injector control signal from circuit port 126. 

During the period of time that transistor 134 has 
been held in the nonconducting, or “off” state, the 
relatively high voltage at collector 1340 has been ap 
plied to the base of transistor 136, triggering the 
transistor 136 “on”. The resistor network 138, con 
nected to the voltage supply, acts with transistor 136 as 
a current source and current flows through the con 
ducting transistor 136 and begins to charge capacitor 
140. Simultaneously, transistor 142 has been biased 
“on” and, with resistor network 144, constitutes a 
second current source. Currents from both sources 

flow into the base of transistor 146 thereby holding this 
transistor “on” which results in a low voltage at the col 
lector 1460. This low voltage is communicated to the 
base of transistor 120 via resistor 124. 
When transistor 128 turns “off” signalling termina 

tion of the first pulse, transistor 134 turns “on” and the 
potential at the collector 1340 falls to a low value. The 
current from the current source, comprised of 
transistor 136 and resistor network 138, now ?ows 
through the base of transistor 136 and the capacitor 
140 ceases to charge. The capacitor will then have 
been charged, with the polarity shown in FIG. 2, to a 
value representative of the duration of the ?rst pulse. 
However, at the end of the ?rst pulse when transistor 
134 is turned “on” the collector-base junction of 
transistor 136 is forward biased, thus making the posi 
tive side of capacitor 140 only slightly positive with 
respect to ground as a result of being separated from 
ground by only a few pn junctions. This will impose a 
negative voltage on circuit location 148 which will 
reverse bias diode 150 and transistor 146 will be turned 
,“off”. This will initiate a high voltage signal from the 
collector of transistor 146 to circuit location 118 via re 
sistor 124 which signal will re-trigger transistor 120 
“on” and a second injector means control pulse will ap 
pear at circuit port 126. The time duration between the 
first and second pulses will be sufficiently short so that 
the injector means will not respond to the brief lack of 
signal. 
The duration of the second pulse will be a function of 

the time required for circuit location 148 to become 
sufficiently positive for diode 150 to be forward biased. 
This in turn is a function of the charge on capacitor 140 
and the magnitude of the charging current supplied by 
the current source comprised of transistor 142 and re 
sistor network 144. The charge on capacity 140 is, of 
course, a function of the duration of the ?rst pulse. 
However, the rate of charge (i.e., magnitude of the 
charging current) is a function of the base voltage at 
transistor 142. This valve is controlled by the voltage 
divider networks 152 and 154 with the effect of net 
work 154 being variably controlled by the engine tem 
perature sensor 14. 
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Referring now to FIG. 2, it will be observed that 
there is a circuit location designated point A within the 
second state computing means 109 of the main com 
puting circuitry 110. Similarly, there exists a point 
designated alternate A and that portion of the circuitry 
which controls the bias applied to one of the in 
ductances within pressure sensor 12. The signi?cance 
of these locations will become apparent from con 
sideration of FIG. 3 described in detail hereinbelow. 

Referring now to FIG. 3, the hot starting circuit of 
the present invention is illustrated in a preferred form 
as circuit 200. Circuit 200 consists of ?rst transistor 
stage 202, second transistor stage 204, control resistors 
206, 208, 210, 212, 214 and 216 blocking diode 218 
and voltage level establishing diode means 220. Circuit 
200 is adapted to receive a signal indicative of engine 
temperature at circuit port 222. This signal may come, 
for instance, from the terminal of temperature sensor 
14 which is shown as a thermistor and which may be 
located in the water jacket of a water cooled engine, or 
it may come from a temperature sensor which senses 
the temperature of the injector valve means 22, or of 
the fuel within the fuel supply conduit 30, or from any 
other convenient source of temperature which may be 
indicative of a hot soak fuel vaporization condition 
within the fuel supply system in the vicinity of the en 
gine. Circuit 200 further includes a terminal denoted as 
A which may be directly coupled to either circuit loca 
tion A, or Alternate A within the main computing cir 
cuit 110. As shown within main computing circuit 110, 
location A is within the second stage 109 while location 
Alternate A is within the first stage 108. By connecting 
the circuit 200 to location A, the hot starting cor 
rection will be applied only to the second of the two 
pulses generated by the main computing circuit110. 
Connection of circuit 200 to the Alternate A location 
in the ?rst stage 108 will result in a correction factor 
being applied to both the pulses produced by the first 
stage 108 and by the second stage 109. 

OPERATION 

In all operational modes, terminal 222 will receive a 
voltage from the temperature sensor which is indicative 
of the instantaneous engine operating temperature. For 
normal operation, this voltage will be sufficiently high 
that blocking diode 218 will be reverse biased and 
transistor 202 will be turned “off”. The signal received 
at terminal 222 will drip as the temperature of the en 
gine goes up. When a hot soak situation occurs, the 
signal received at terminal 222 will be sufficiently low 
that diode 218 will be forward biased and transistor 
202 will begin to conduct. The particular voltage level 
at which this will occur will be determine as a function 
of the relative values of resistors 206, and 210 and the 
effect of diode means 220 and resistor 216. Diode 
means 220 will establish the base of transistor 202 at a 
relatively ?xed voltage level above the voltage effect 
obtained by voltage divider network consisting of re 
sistors 210 and 216. The diode means 220 are included 
to provide that the same number of pn junctions are 
available to in?uence the reference voltage applied to 
the base of transistor 202 as are present to in?uence 
the voltage signal indicative of temperature. It is known 
that the voltage drop across a pn junction varies rela 
tively broadly as a function of temperature and provid 
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6 
ing diode means 220 insures that, since circuit 200 may 
be at ambient temperature, the wide variations in am 
bient temperature will not affect the ability of circuit 
200 to recognize and respond to a hot soak condition. 
Since, in this embodiment,two pn junctions are present 
between the base of transistor 202 and terminal 222, 
diode means 220 inserts two pn junctions between the 
base of transistor 202 and ground. Thus, this circuitry is 
virtually free of any influence due to variations in am 
bient temperature and turn on of transistor 202 can be 
stabilized to respond to a selected or predetermined 
hot soak condition. By suitably adjusting the values of 
resistors 210 and 216, the reference voltage at the base 
of transistor 202 can be readily established so that the 
transistor will go into conduction whenever the voltage 
received at terminal 222 drops to a point indicative of 
the hot soak condition. In this regard, of course, the re 
sistance value of resistor 206 will be of importance. 
As long as transistor 202 is not in conduction, the 

voltage at the collector terminal thereof will be sub 
stantially the same as the B+ voltage being applied to 
the circuit. However, when transistor 202 begins to 
conduct, the voltage at the collector terminal of 
transistor 202 will drop to a value which is a function of 
the amount of collector current ?owing and this collec 
tor current will be in turn a function of the instantane 
ous voltage received at terminal 222. The collector 
voltage will be applied via resistor 214 to the base of 
transistor 204 and, so long as the voltage at the base of 
transistor 204 is less than the 3+ or supply voltage, 
transistor 204 will also conduct and the voltage appear 
ing at terminal A will be affected thereby. The amount 
of this effect will be controlled by the extent of conducJ 
tion of transistors 202 and 204 and this will be applied 
at the selected portion of circuit 1.10 in FIG. 2 to vary 
the injection command pulses being controlled 
thereby. 
While a preferred embodiment of the invention has 

been disclosed, it will be apparent to those skilled in the 
art that changes may be made to the invention as set 
forth in the appended claims, and, in some cases, cer 
tain features of the invention may be used to advantage 
without corresponding use of other features. Ac 
cordingly, it is intended that the illustrative and 
descriptive materials herein be used to illustrate the 
principles of the invention and not to limit the scope 
thereof. 

I claim: 
1. In an electronic fuel control system having a main 

computing circuit for intermittently energizing at least 
one injector valve means for the provision of metered 
quantities of fuel, the improvement comprising: 

hot starting circuit means responsive to engine tem 
peratures above a selected level indicative of hot 
soaking and coupled to the main computing circuit 
operative to lengthen the time period of energiza 
tion of the injector valve means. 

2. The system as claimed in claim 1 wherein said hot 
starting circuit means comprises: 

control means responsive to engine temperatures 
operative to produce a signal having a magnitude 
representative of engine temperature above the 
selected level; and 

amplifier means responsive to said control means 
signal operative to produce an output signal having 
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a magnitude representative of the desired 
lengthening. 

3. The system as claimed in claim 2 wherein said con 
trol means and said ampli?er means include solid state 
electronic devices. 

4. The circuit as claimed in claim 3 wherein said con 
trol means includes a plurality of pn junctions between 
the base electrode of the solid state electronic device 
and the source of temperature and an equal number of 
pn junctions between the base electrode and ground. 

5. A fuel control system for an internal combustion 
engine comprising: sensor means operative to provide 
information concerning the engine fuel requirements; 
computing means responsive to said sensor means in 

formation operative to produce an output signal 
having a variable characteristic representative of 
engine fuel requirements; 

injector valve means responsive to said variable 
characteristic operative upon energization to pro 
vide precise quantities of fuel for the engine; 

said sensor means including temperature sensor 
means operative to sense engine temperature; and 

a hot start circuit responsive to said temperature sen 
sor operative to apply a variable strength signal to 
said computing means at temperatures above a 
selected level indicative of hot soaking to alter the 
variable characteristic of the computing means 
output signal to controllably enlarge the quantities 
of fuel being provided to the engine by said injec 
tor valve means. 

6. The system as claimed in claim 5 wherein said 
computing means include ?rst and second stages and 
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8 
said second stage computing means is responsive to 
said ?rst stage computing means and at least one of said 
?rst and second stage computing means is responsive to 
said temperature sensor means and said hot start circuit 
is coupled to one of said ?rst and second stages. 

7. The system as claimed in claim 6 wherein said hot 
start circuit is coupled to the ?rst stage of said comput 
ing means. 

8. The system as claimed in claim 6 wherein said hot 
start circuit is coupled to the second stage of said com 
puting means. 

9. The system as claimed in claim 5 wherein said hot 
start circuit comprises: 

control means responsive to engine temperatures 
operative to produce a signal having a magnitude 
representative of engine temperature above the 
selected level; and 

amplifier means responsive to said control means 
signal operative to produce an output signal having 
a magnitude representative of the desired 
lengthening. 

10. The system as claimed in claim 9 wherein said 
control means and said ampli?er means include solid 
state electronic devices. 

11. The circuit as claimed in claim 10 wherein said 
control means includes a plurality of pn junctions 
between the base electrode of the solid state electronic 
device and the source of temperature and an equal 
number of pn junctions between the base electrode and 
ground. 
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