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57 ABSTRACT 

A circuit for recognizing and providing warm-up en 
richment fuel compensation for an electronic fuel con 
trol system is described herein. The circuit is adapted 
to recognize and respond to an engine operating pa 
rameter indicative of engine operation at an engine 
temperature less than the normal operating tempera 
ture and to increase the duration of the fuel injection 
command pulse generated by the main electronic fuel 
control system. In those electronic fuel control sys 
tems which provide a fuel injection command pulse 
whenever a generated voltage wave shape is below a 
threshold value, the present invention contemplates 
altering the shape of the generated wave shape to 
delay its excursion through the threshold value. 

1 Claim, 4 Drawing Figures 
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CIRCUIT FOR PROVIDING ELECTRONIC 
WARM-UP ENRICHMENT FUEL COMPENSATION 
WHICH IS INDEPENDENT OF INTAKE MANIFOLD 
PRESSURE IN AN ELECTRONIC FUEL CONTROL 

SYSTEM 

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 at a temperature 
under the normal operating temperature. 

2. DESCRIPTION OF THE PRIOR ART 
The prior art teaches that warm-up enrichment quan 

tities of fuel may be provided through an electronic fuel 
control system by prolonging the unstable period of a 
monostable multivibrator in response to an engine tem 
perature sensitive element. However, those systems 
which make use of the forenoted technique for provid 
ing warm-up enrichment are systems which also em 
ploy sequentially energized monostable multivibrators 
in which the unstable period of the second multivibra 
tor in the sequence is a function of the unstable period 
of the first multivibrator in the sequence as well as the 
engine temperature. As a consequence, the enrichment 
quantities of fuel provided thereunder become a com 
plex function of the instantaneous engine temperature 
as well as the engine parameter which controls the un 
stable time period of the first monostable multivibrator 
in the sequence. If the "enrichment factor' is defined 
as the fuel injection command pulse duration at cold 
(that is, below normal) temperatures divided by the 
fuel injection command pulse duration at normal en 
gine operating temperature, the enrichment factor of 
prior art systems may be shown to be an undesirable 
decreasing function of intake manifold pressure. How 
ever, it is known that the desirable enrichment factor 
is a value which varies as a function of temperature and 
which is not a decreasing function of manifold pres 
sure. It is therefore an object of the present invention 
to provide a warm-up enrichment mechanism for an 
electronic fuel control system which provides an en 
richment factor for the quantities of fuel provided inde 
pendent of any other engine operating parameter. 
Since it is normally the case to use engine intake mani 
fold air pressure as the engine operating parameter 
controlling the first monostable multivibrator in the se 
quence, it is a still further object of the present inven 
tion to provide a warm-up enrichment mechanism 
which provides an enrichment factor for the quantities 
of fuel provided substantially independent of the in 
stantaneous intake manifold pressure. 
An additional problem with the prior art technique of 

using successively triggered monostable multivibrators 
is that, with the number of corrective functions to be 
inserted in the computational process, the maximum 
pulse duration obtainable under the most extreme en 
gine operating conditions (i.e. low temperature engine 
starting) is substantially less than the time period re 
quired to provide fuel quantities adequate for engine 
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operation under those conditions. As a consequence, 
the prior art teaches that it is necessary to provide, 
through parallel circuitry which may or may not in 
clude additional injector valve means, totally indepen 
dent circuitry for commanding cold starting and the ini 
tial warm-up enrichment quantities of fuel which would 
operate to override the signal generated by the sequen 
tially energized monostable multivibrator main com 
puting circuitry. This solution greatly increased the 
cost and complexity of the electronic circuitry and also 
reduced the reliability thereof. It is therefore an object 
of the present invention to provide a means for generat 
ing cold starting and warm-up enrichment compensa 
tion which does not greatly increase either the cost or 
the complexity of the electronic circuitry and which 
does not represent a significant decrease in the reliabil 
ity of such circuitry. 

It has been proposed by my co-pending commonly 
assigned patent application identified by Ser. No. 
101,896, Fuel Injection Control System, to generate an 
injection command pulse as a function of the time dur 
ing which a generated wave form having a specific pre 
determined shape remains below a variable level, 
known as a threshold level. It has heretofore been as 
sumed that the prior art cold starting and warm-up en 
richment mechanisms and circuits would be readily 
adaptable for use with an electronic fuel control system 
according to my above identified co-pending applica 
tion. However, many of the difficulties which arise 
from the use of separate and distinct cold starting and 
warm-up enrichment circuitry in the sequenced mono 
stable multivibrator system also arise in the application 
of such cold starting and warm-up enrichment net 
works to electronic fuel control systems according to 
the above identified application. It is therefore an ob 
ject of the present invention to provide a cold starting 
and warm-up enrichment network which is fully com 
patible with my above identified co-pending applica 
tion and which does not require parallel circuitry to 
generate an overriding command pulse. It is a more 
particular object of the present invention to provide a 
warm-up enrichment network which controllably alters 
the shape of the generated wave shape so as to selec 
tively control its time duration at values below the 
threshold level. 

SUMMARY OF THE PRESENT INVENTION 

The present invention provides a circuit which recog 
nizes engine operation at a temperature less than the 
normal engine operating temperature and which there 
after controllably alters the generation of the timed 
pulse which is used to control the fuel delivery se 
quence. The invention further contemplates circuits 
which are capable of automatically recognizing the ex 
tent to which the engine operating temperature is 
below the normal operating temperature and thereafter 
lengthening the timed pulse in order to provide a cor 
rectly lengthened fuel delivery factor in response to the 
actual engine operating temperature. 

In an electronic fuel control system making use of the 
generated waveshape/variable threshold level mecha 
nism to generate fuel injection command signals, the 
present invention may be characterized by a circuit 
which is responsive to engine temperature and which is 
operative to controllably vary at least one aspect of the 
generated wave shape so as to controllably affect the 
time during which said generated wave shape remains 
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below the established threshold level. In particular, the 
present invention contemplates the use of the elec 
tronic circuitry to selectively control the output of a 
current source which charges a timing capacitor to 
variably selectively control the voltage appearing 
across the timing capacitor as a function of engine op 
erating temperature. 

DESCRIPTION OF THE DRAWING 

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

electronic control unit for use in the system of FIG. 1. 
FIG. 3 shows an electronic circuit realization accord 

ing to FIG. 2 and including the circuitry of the present 
invention. 
FIG. 4 shows a graph of voltage waveforms generated 

by the circuit of FIG. 3. 
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 i0, 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 10 is shown as en 
ergized by battery 36 which could be a vehicle battery 
and/or battery charging system as well as a separate 
battery. 
The block diagram shown in FIG. 2 illustrates the 

computing means 10 in a nonparticulated 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. Mechanically, sensor 16 could 
be a singlelobed cam, driven by the engine and alter 
nately opening and closing a pair of contacts. Since this 
arrangement could generate spurious signals, as by 
contact bounce, the switching device 38 will be de 
scribed and discussed as a flip-flop since the flip-flop is 
known to produce a substantially constant level of out 
put at one output location and zero level at the other 
output location in response 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 flip-flop may 
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be readily made insensitive to other types of signals. 
Signals received on the nontriggering input will, of 
course, have no effect on a flip-flop. Outputs 40 and 42 
are connected to the input of unit 50 and are also con 
nected to the inputs of a pair of AND gates with output 
40 being connected to one input of AND gate 46 and 
output 42 being connected to one input of AND gate 
48. Unit 50 is illustrated as receiving as its control input 
a signal from the pressure sensor 12 indicative of an en 
gine operating condition and, therefore, of the engine 

- fuel requirement. Sensor 12 is here shown coupled to 
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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 signals from temperature sensor 14 and it will 
be understood that use of these other sensory inputs, 
though not illustrated, is contemplated. However, for 
the sake of simplification the additional control inputs 
have not been shown. The output of the unit 50 is con 
nected to a second input of each AND gate 46 and 48. 
The output 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 am 
plifier 58 which supplies controlling current to the sec 
ond injector group. 
As will be readily apparent, the presence of an output 

signal from the flip-flop. 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-flop 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 flip-flop 38 also ap 
pears at the gate 44 where, assuming the flip-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 amplifier 
56 to open the first injector group since it is receiving 
an injector selection command directly from the flip 
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 first injector 
group is open, a metered amount of fuel under pressure 
is injected by the first injector group. Depending upon 
particular electronics selected, suitable amplifiers and 
for inverters may be used to match obtainable signals 
with desired or necessary circuit responses. 
Referring now to FIG. 3, an electronic circuit is illus 

trated to satisfy the functional requirements of block 
50 in the block diagram of FIG. 2. A waveshape gener 
ating circuit means is comprised of a pair of current 
sources 101, 102 which are alternately applied to a pair 
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of capacitors 103, 104 by a switching network 105 re 
ceiving the triggering signals 40, 42. The rate at which 
the capacitors 103, 104 are initially charged and are 
discharged is controlled by network 106 also receiving 
the triggering signals 40, 42. Threshold establishing cir 
cuit means 107 samples the highest voltages appearing 
across capacitors 103, 104 and compares this value 
with the level established by the pressure sensor means 
signal. 
The current source 101 is comprised of transistor 

108 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 
102 is similarly comprised of a transistor 109 whose 
base is coupled to the junction of voltage divider resis 
tors 114, 115 through diode 116. The emitter of tran 
sistor i09 is connected to resistor 113 which is also 
connected to the B-source. This arrangement is oper 
ative to establish a known level of current flow in the 
collectors of transistors 108, 109 respectively. The col 
lector of transistor 108 is then connected in a parallel 
fashion to the collectors of a pair of transistors 131, 
132. Similarly, the collector of transistor 109 is con 
nected in parallel to the collectors of a pair of transis 
tors 133, 134. The bases of transistors 131 and 134 are 
connected together through resistances 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 resistances 143, 144 is ar 
ranged to receive the trigger signals as at 42. The emit 
ters of transistors 131 and 133 are connected to capaci 
tor 103 while the emitters of transistors 132 and 134 
are connected to capacitor 104. This circuit is then ar 
ranged to provide the current flow from current source 
101 through transistor 131 to capacitor 103 and the 
current from source 102 through transistor 134 to ca 
pacitor 104 whenever 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 cur 
rent from source 101 will flow through transistor 132 
to capacitor 104, while the current from source 102 
flows through transistor 133 to capacitor 103. 
Network 106 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 establishing 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 flip-flop 38, as illustrated in FIG. 2, will reverse the 
high-low signal relationship appearing on triggering 
leads 40, 42, and the appearance of a 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 predetermined 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 leveland, through diode means 147, transistor 138 
will be in conduction. This will, in turn, cause transistor 
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6 
137 having its emitter connected to capacitor 103 to be 
in conduction so that the voltage then appearing across 
capacitor 103 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 103 reaches a low level deter 
mined by the number of pn junctions between capaci 
tor 103 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 103. Upon the termina 
tion of the reset pulse from reset means 151, the volt 
age at junction 154 will drop and, due to the plurality 
of diodes in diode means 147, will be insufficient to 
maintain transistor 138 in conduction. This will cause 
transistor 138 and in turn transistor 137 to switch off, 
thereby terminating the voltage dump of capacitor 103 
and also permitting the current flow from current 
source 101 to increase the voltage level across capaci 
tor 103. With refermece to FIG. 4, the time interval of 
the reset pulse 151 would correspond to the interval 
A-B on graph 90, while the time interval B-C would 
represent the period during which capacitor 103 is 
charged by the current source 101. The level indicated 
by the C-D line of graph 90 represents a level when the 
charge across capacitor 103 is sufficiently high relative 
to the voltage level established by the voltage divider 
effects of resistors 110, 111, that the base-collector 
junction of transistor 108 is reverse biased, and the 
transistor begins to turn off. The operation of network 
106 with regard to the receipt of a high level signal on 
triggering lead 42 is substantially the same as described 
hereinabove in view of the fact that the network 106 is 
comprised of two substantially identical halves, one of 
which has been described in detail herein. By suitably 
selecting the resistive values along with maintaining a 
relatively small capacitor value of capacitor 103, it can 
be arranged that the discharge of capacitor 103 down 
to level represented by the A-B portion of graph 90 in 
FIG. 4 can occur in a very brief time scale relative to 
the duration of a triggering pulse. 
The threshold establishing circuit 107 receives a sig 

nal indicative of the manifold pressure at 170 and this 
signal is applied to the base of transistor 172. The base 
of transistor 171 receives a voltage signal from the ca 
pacitor 103, or 104 having the highest accumulated 
charge via diode 161 or diode 162. As the emitters of 
transistors 171, 172 are coupled together, 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 con 
duction. Termination of conduction 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 location 174 due to the 
voltage divider action of resistors 182, 183. However, 
termination of conduction of transistor 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 OR gates 46, 48 in the FIG. 2 embodi 
ment to constitute an injection command signal. 
The present invention as illustrated in FIG. 3 is com 

prised of a circuit means for variably controlling the 
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current I generated by the current generating means 
102. In the illustrated embodiment, this comprises 
means for variably modifying the bias voltage applied 
to the base of transistor 109. As illustrated, this is com 
prised of a further resistive voltage divider network in 
cluding the temperature sensor 14 and resistance 163 
arranged in parallel with the voltage divider network 
comprised of resistors 114, 115, and communicating 
with the base of transistor 109 through a further diode 
160 whose cathode is connected to the cathode of 
diode 116 and whose anode is connected to the junc 
tion point 164 of the further voltage divider network. 
The temperature sensor is illustrated as a thermistor 
and other types of temperature sensor are known. 

In the illustrated arrangement, transistor 109 is illus 
trated as a pnp transistor whose emitter is connected 
through resistance 113 to the B+ voltage source. The 
thermistor, 14 is connected to ground and such devices 
are known to exhibit a higher resistance at lower tem 
peratures. As so connected, decreasing temperature 
will cause the voltage appearing at junction 164 to in 
crease so as to increase the voltage appearing at the 
base of transistor 109. Since the voltage at the emitter 
of transistor 109 will be only slightly more positive than 
the voltage present in the base of the transistor, the cur 
rent flow through resistance 113 and consequently the 
output current of the current source 102 will vary in 
versely as the magnitude of the voltage present at the 
base of transistor 109. Thus, as this voltage increases 
due to a decrease in temperature the current output of 
transistor 109 will decrease. Conversely, as the temper 
ature increases, the voltage present at the junction 164 
will decrease and will have the effect of causing the 
current generated by current source 102 to increase. 
The previously described resistive voltage divider 
branch comprised of resistances 114 and 115 commu 
nicated to the base of transistor 109 through diode 116 
will be operative to establish a minimum value below 
which the voltage at the base of transistor 109 will be 
prevented from going. 
With reference now to FIG. 4, a series of graphs are 

illustrated graphing voltage as a function of time to ill 
lustrate the various voltage signals present within the 
circuit of FIG. 3. The uppermost curve indicated as 
graph 90 is illustrative of the voltage appearing across 
either of the capacitors 103, 104 during a complete 
current flow cycle. As can be seen, the voltage initial 
point A is relatively low (near the ground potential) 
and this level is maintained for a period of time. This 
time period is determined by reset means 151 in a man 
ner which is more completely described in applicant's 
co-pending commonly assigned application MOC 
70/72, 72, Electronic FLE Switch for Fuel Injection. As 
current flow I from current source 101 increases, the 
voltage will follow the portion of the graph designated 
B-C. Upon reaching the limiting value C, the voltage 
present across the capacitor will remain at a substan 
tially level value until it reaches the time period de 
noted as D. Assuming graph90 is the voltage appearing 
across capacitor 103, the time interval A-D represents 
the time during which a triggering pulse is present on 
triggering lead 40, illustrated as the voltage pulse iden 
tified as 92. Upon termination of the pulse 92, a similar 
pulse denoted as pulse 94 is applied to the triggering 
lead 42. The application of triggering pulse 94 on trig 
gering lead 42 will cause a similar voltage waveshape 
to appear across capacitor 104. In the meantime, the 
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8 
voltage present on capacitor 103 will be increasing 
from a value established at time D to a limiting value 
under the influence of application of current I, from 
current source 102. At normal operating temperatures, 
the slope of this increase will be substantially as illus 
trated in graph 90 and the injection time will be deter 
mined by the total elapsed time required for the voltage 
present on capacitor 103 to go from the value existing 
on that capacitor at the time denoted as D until the 
voltage on capacitor 103 reaches a threshold value 
which may be determined for example by the pressure 
sensor 12 through the circuitry denoted as 107 in FIG. 
3. 
With reference now to the voltage waveshape 96 in 

FIG. 4, the effect of the present invention will be illus 
trated. The voltage waveshape 96 is essentially the 
same as the voltage waveshape 90 during the time in 
terval A to D. However, from the time D until the limit 
ing value is reached five various voltage slopes are illus 
trated and are denoted as a through e. These corre 
spond to some of the slopes obtainable through the use 
of the present invention for varying operating tempera 
tures. Slope e may represent the slope obtained by the 
lowest operating temperature while the slope a 
represents the slope obtained at normal operating tem 
perature, as defined by the voltage divider resistances 
114, 115, and the slopes b, c, and d represent various 
intermediate levels. 
A representative threshold value has been applied to 

the voltage waveshape 96 and has been numbered 98. 
Referring now to the voltage waveshape identified as 
100, the output of voltage present at amplifier 58 in re 
sponse to the voltage waveforms 94 & 96 with thresh 
old level 98 is indicated. The first portion of the voltage 
waveform 100 is identified as a and corresponds to the 
pulse which would be generated by the portion of the 
waveform also identified as a in response to threshold 
98. For lower temperature conditions when the present 
invention would so control current source 102 that the 
voltage waveform appearing across capacitor 103 is as 
indicated by waveform b, the pulse duration also identi 
fied as b would be present. For decreasing tempera 
tures which would produce the waveshapes c and d the 
pulse durations identified as c and d would also be gen 
erated. For the most extreme condition of engine tem 
perature the second portion of the waveshape 96 would 
most closely resemble the waveshape identified as e 
and in this instance, the total output pulse duration 
present at the output of amplifier 58 would be as repre 
sented by the total pulse e. 

It can now be seen that the present invention accom 
plishes its stated objectives in a desirably expeditious 
form by controlling the magnitude of a current used to 
controllably charge a timing capacitor in a system 
which utilizes the time required for that current to 
charge the timing capacitor to a preselected level as a 
temperature compensation device. While the specific 
implementation of my invention has been controlled by 
the nature of the associated electronics, it will be un 
derstood that other implementations are possible. For 
example, an additional current source or a current sink 
could readily be controlled to achieve the results of my 
specific embodiment and such variations are intended 
to be encompassed by the claims which follow. 

I claim: 
1. An internal combustion engine fuel control system 

comprising: 
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current source means; 
electrical storage means; 
first control means responsive to one engine operat 
ing parameter for providing a threshold signal; 

switching control means responsive to another en 
gine operating parameter for switchingly connect 
ing said current source means to said storage 
means to provide a timed series of variable level in 
jection command signals; 

transistor means for controlling current flow from 
said current source means to said storage means; 

voltage level establishing means for supplying a nor 
mal operating bias voltage to said transistor control 
means; 
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10 
means responsive to engine temperature for provid 

ing a secondary bias voltage to the transistor means 
in response to engine temperature below a prese 
lected level to reduce the rate at which current is 
supplied from said source means to said storage 
means and thereby increase the durations of said 
command signals; and 

fuel delivery means commanded only by said series 
of command signals for supplying fuel to the engine 
whenever a command signal has a predetermined 
relationship with respect to the value of said 
threshold signal. 
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