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breaker points, cam, centrifugal and vacuum mecha 
nisms, thus providing a fully electronic ignition sys 
tem. 

Output pulses synchronized with engine speed are 
provided by an electromagnetic pickup connected 
with an amplifier and pulse shaper. These pulses 
trigger a monostable multivibrator which produces a 
variable-duration output pulse. The output pulse from 
this monostable multivibrator is coupled so that the 
termination thereof effects application of electrical 
energy to the sparkplugs of an internal combustion 
engine. 
The duration of the pulse from the monostable 
multivibrator is controlled through the utilization of 
an electronic spark-advance means which includes an 
electronic function generator. The function generator 
produces a waveform of predetermined shape which 
commences upon initiation of the spark (the 
termination of the signal from the controlled AND 
gate). The output of the function generator is applied 
to the timing circuit in the monostable multivibrator 
thereby to control the duration of the signal therefrom 
in a manner to provide the desired spark advance as 
engine speed increases. 
Also provided is a switch means for introducing 
additional spark advance in response to increase in 
vacuum in the manifold of an internal combustion 
engine. 

57 ABSTRACT 
An electronic ignition system designed to replace the 8 Claims, 7 Drawing Figures 
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ELECTRONIC IGNITION SYSTEM 

REFERENCE TO OTHERAPPLICATIONS 
This application is a continuation-in-part of my co 

pending application Ser. No. 361,652, filed on May 18, 
1973, which is a continuation of my application Ser. 
No. 167,900, filed on Aug. 2, 1971. 

BACKGROUND OF THE INVENTION 

It has long been known that to provide maximum 
burning of the air-fuel mixture in the cylinder of an in 
ternal combustion engine, there must be provided an 

2 : 
ing cycle of the internal combustion engine at all 
speeds. As a result, air pollution continues through the 
exhaust of the improperly combusted fuels into the at 
mosphere. 

SUMMARY OF THE INVENTION 
An electronic ignition system wherein an electromag 

netic synchronization device provides an output signal 
representative of engine speed. Such output signals are 

10 

appropriate spark of sufficient magnitude and duration. . 
The time required for complete combustion of the mix 
ture is approximately one millisecond. It has also been 
known that to provide properly timed combustion 
thereby to properly transmit the power generated as a 
result of this combustion to the crankshaft, the initia 
tion of the spark must be advanced as engine speed in 
Ce3ScS. 
With prior art ignition systems utilizing traditional 

breaker points and condensers in conjunction with the 
battery and coil, various difficulties were encountered 
resulting in compromises as to coil design thereby to 
provide sufficient voltage at high engine speeds without 
imparting damage to the remainder of the ignition sys 
tem. Even so, at a relatively high engine spped, it was 
found that the air-fuel mixture introduced into the cyl 
inder was only partially or improperly burned in many 
instances. As a result, undesirable pollutants were in 
troduced into the atmosphere. Furthermore, it was 
found that the various mechanical components com 
prising a bulk of the ignition system were constantly in 
need of adjustment or replacement as a result of wear. 
Furthermore, as above referred to, the spark timing 

advance mechanisms utilized to accomplish the ad 
vance of the spark at high engine speeds were also me 
chanical and took the form of camshaft springs and 
weights commonly referred to as a centrifugal spark 
timing advance mechanism and a pneumatic actuator 
commonly known as the vacuum spark timing advance 
mechanism. Again, these mechanisms introduced inac 
curacies as well as difficulties in adjustment and main 
tenance. 

In an attempt to solve some of the foregoing prob 
lems, various electronic ignition systems have been de 
veloped. Representative of such systems are those de 
scribed in U.S. Pat. Nos. 3,202,146; 3,363,615; 
3,368,539; 3,357,416; 3,434,462 and 3,587,552, all of 
which were cited in the above-referred-to applications. 
Although these electronic ignition systems solved some 
of the problems inherent in the mechanical systems 
heretofore used, difficulties remained. For example, in 
these systems, the traditional mechanical spark ad 
vance timing mechanisms utilizing the centrifugal and 
vacuum devices are retained in the system or have been 
replaced by other mechanical apparatus, thus injecting 
much of the prior art problems previously existing. In 
those instances where the mechanical apparatus has 
been eliminated, reliance is placed upon the ability of 
an electronic oscillator to detect the passage of a metal 
part which changes the Q of the resonant circuit to 
thereby detect the speed of the engine and provide an 
ignition advance signal. 
These prior art systems leave much to be desired in 

sofar as efficiently and completely burning all of the 
fuel injected into the cylinder during the entire operat 
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applied to a pulse generator to initiate the pulse having 
a variable duration, the duration being determined by 
the desired spark advance depending upon engine 
speed. The pulse is coupled to a semiconductor switch 
so that upon termination of the pulse, a spark is gener 
ated at a sparkplug to initiate combustion of the air-fuel 
mixture in the cylinder. Simultaneously with the termi 
nation of the signal from the pulse generator, an elec 
tronic function generator is triggered and is caused to 
provide an output which in turn is coupled to the pulse 
generator thereby to effect termination of the output 
pulse therefrom in a manner representative of the de 
sired spark advance. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram illustrating generally an 

electronic ignition system in accordance with the pres 
ent invention; 
FIG. 2 is a partly diagrammatic illustration of an elec 

tronic ignition system in accordance with the present 
invention; 
FIG. 3 is a schematic circuit diagram of an electronic 

ignition system in accordance with the present inven 
tion; 
FIG. 4 is a diagram illustrating waveforms taken at 

various points throughout the circuit of FIG. 3; and 
FIGS.5, 5A, 5B and 5C are schematic diagrams illus 

trating specific circuits utilized in the preferred em 
bodiment of the present invention. 
DESCRIPTION OF THE DETAILED EMBODIMENT 
As is illustrated in FIG. 1, an electronic ignition sys 

tem in accordance with the present invention includes 
a first pulse generator 10 which is adapted to provide a 
series of output pulses having a predetermined and 
fixed amplitude and duration. The frequency of the 
pulses generated by the pulse generator 10 is represen 
tative of the engine speed of the internal combustion 
engine which is utilizing the electronic ignition system 
in accordance with the present invention. Thus, ap 
pearing on the lead 12 is a plurality of pulses 14 having 
a predetermined amplitude and duration and frequency 
(or repetition rate) representative of engine speed. The 
pulses 14 are applied as an input signal to a second 
pulse generator 16. The second pulse generator pro 
vides a plurality of output signals 18 appearing on the 
lead 20. Each of the output signals 18 has a leading 
edge 22 substantially coincident with the leading edge 
of the pulses 14. However, the trailing edge 24 of the 
pulses 18 is caused to occur at variable times. Thus, the 
output signal from the second pulse generator 16 con 
stitutes a plurality of pulses of predetermined ampli 
tude but variable duration. The occurence of the trail 
ing edge 24 of the pulses 18 is determined by the elec 
tronic spark advance means 26. The electronic spark 
advance means 26 in response to the occurence of the 
trailing edge 24 of the pulses 18 produces an output sig 
nal which varies in a predetermined manner as a func 
tion of time. This output signal is applied by the lead 28 
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to the second pulse generator 16. Through the combi 
nation of the repetition rate of the pulses 14 and the 
particular function with respect to time of the signal ap 
plied from the electronic spark advance means 26 over 
the lead 28, the trailing edge 24 of the pulses 18 will be 
caused to occur in such a manner as to accommodate 
the required spark advance to effect efficient and com 
plete combustion of the air-fuel mixture in the cylin 
ders. 
Simultaneously upon the occurence of the trailing 

edge 24 of the pulses 18, a semiconductor switch 
means 30 is caused to effect the sequence of events in 
the ignition 32 causing application of a spark to the 
combustion chamber in the cylinder. 
Referring now more particularly to FIG. 2, the elec 

tronic ignition in accordance with the present invention 
is illustrated in some further detail. As is therein shown, 
the first pulse generator 10 includes an iron disc 40 
which is connected to the crankshaft 42 of the internal 
combustion engine and thus is rotated thereby. The 
disc 40 is notched as illustrated at 44, 46, 48 and 50. 
These notches are equiangularly disposed about the pe 
riphery of the disc 40 and represent the number of 
sparkplugs which will fire during each revolution of the 
disc. Thus, as is illustrated in FIG. 2, four sparkplugs 
will fire during each revolution of the disc 40 and such 
represents an eight-cylinder internal combustion en 
gine. In the event the apparatus is applied to a six-cylin 
der internal combustion engine, there would be three 
such notches disposed 120° apart. Although the disc is 
shown as being notched, other configurations may be 
utilized as desired. That is, the notches may be replaced 
by protruding lobes, or a non-ferrous disc may be uti 
lized with magnetic materials inserted at spaced posi 
tions thereabout. In any event, the notches, protru 
sions, or ferrous inserts cooperate with an electromag 
netic pickup means 52 designed to sense the magnetic 
discontinuities in the disc and provide on the lead 54 an 
output signal which is applied to an amplifier and pulse 
shaper 56. The amplifier and pulse shaper 56 then pro 
duces the series of pulses 14 on the lead 12 as above de 
scribed. 
The second pulse generator 16 is a variable con 

trolled AND gate 60 and inverter buffer 62. The output 
signal appearing on the lead 20 is the pulses 18 as 
above described. 
Also provided is a monostable multivibrator 64 

which senses the trailing edge 24 of the pulses 18 and 
responsive thereto provides an output signal of prede 
termined duration and amplitude which in turn is ap 
plied to the power amplifier 66. The power amplifier 66 
provides an output signal to control the semiconductor 
switch 30 which in turn controls the generation of the 
spark as is well known. 
The battery 68 is shown with one terminal 70 con 

nected to a point of common reference such as ground 
72 while the other terminal 74 is connected through the 
ignition switch 76 and ballast resistor 78 to one termi 
nal 80 of the ignition coil 82. The other terminal 84 of 
the ignition coil 82 is connected to the semiconductor 
switch 30. The secondary coil 86 of the ignition coil 82 
is connected through the distributor 88 and to the 
sparkplugs 90 by way of the various leads 92, which is 
well known in the art. Thus, after the ignition switch is 
closed, the battery current is continuously applied 
through the primary winding 81 of the ignition coil and 
through the semiconductor switch 30 which is normally 
closed thus causing the usual buildup of magnetic flux 
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4 
in the ignition coil 82. The signal from the multivibra 
tor 64 causes the semiconductor switch 30 to open thus 
generating a high voltage signal in the secondary coil 
86 of the ignition coil 82 which generates the spark in 
the sparkplugs as is well known. 
The output signal from the trailing edge monostable 

multivibrator 64 is also applied by way of the lead 100 
as a trigger signal to the function generator 102. The 
function generator is utilized to provide an output sig 
nal which is a predetermined function with respect to 
time. The function which is chosen is that which is de 
sired for the particular spark advance profile as is re 
quited for the particular internal combustion engine 
and the mode of operation thereof under consider 
ation. The output of the function generator 102 is ap 
plied to a control amplifier 104, the output of which in 
turn is applied to the variable controlled AND gate 60. 
The output of the control amplifier is the function gen 
erator signal properly amplified for application to the 
AND gate 60, thereby to.determine the occurence of 
the trailing edge of the output signal therefrom. As 
above described, such in turn determines the occu 
rence of the spark. Thus, by proper combination of the 
output signal from the function generator and the 
pulses from the first pulse amplifier 10, the desired 
spark advance can be obtained. 

If desired, and to control those situations where the 
internal combustion engine is not under load, a vacuum. 
advance bias switch as illustrated at 106 may be uti 
lized. Such an apparatus senses the vacuum present in 
the intake manifold of the internal combustion engine 
and automatically injects a predetermined amount of 
bias at the control amplifier 104. Such bias effectively 
shifts the electronic function generated by the function 
generator 102 a predetermined amount to thus appro 
priately advance the spark. 

Referring now more particularly to FIG. 3, there is 
illustrated in further detail an electronic ignition system 
constructed in accordance with the present invention. 
As is therein shown, the electromagnetic pickup 52 in 
cludes a coil 108 which is wound upon a core of ferro 
magnetic material 110 which is positioned adjacent the 
disc 40 which is rotated by the engine crankshaft. The 
coil 108 has one terminal 112 connected to bus 116 
and the other terminal 114 connected to bus 118. A 
source of potential provided by the resistor 120, the ca 
pacitor 122 and the zener diode 124, is connected such 
that the positive terminal thereof is connected to the 
bus 116 and the negative terminal thereof is connected 
to the bus 118, the bus 118 also being connected to 
ground potential as is illustrated. In the power supply 
the zener diode 124 provides regulation while the ca 
pacitor 122 provides filtering and the resistor 120 is a 
dropping resistor thus providing a potential of approxi 
mately five volts on the bus 116. A capacitor 126 is 
connected from the terminal 128 on the coil 108 to the 
base 130 of the transistor 132. Also connected to the 
base 130 is a resistor 134, the other side of which is 
connected to ground as illustrated. An additional resis 
tor 136 is connected from the bus 116 to the base 130 
of the transistor 132. A load resistor 138 is connected 
from the bus 116 to the collector 140 of the transistor 
132 while the emitter 142 is connected through a resis 
tor 144 to ground. The base 146 of a transistor 148 is 
connected to the collector 140 of the transistor 132. A 
load resistor 150 is connected from bus 116 to the col 
lector 152 of the transistor 148 while the emitter 154 
thereof is connected through the resistor 156 to ground 
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as shown. An additional transistor 160 has its emitter 
162 also connected to ground through the resistor 156, 
while the collector 164 thereof is connected to the bus 
116. The base 166 of the transistor 160 is connected to 
a common point 168 between the reference diode 170 
and the resistor 172, the series combination of which is 
connected between the bus 116 and 118. 
As the disc 40 rotates and the notches 44 through 50 

pass the pickup device, thereby changing the magnetic 
flux appearing therein, pulses are generated which are 
coupled through the capacitor 126 and resistor 134 to 
the base of the transistor 132. The transistor 132 is nor 
mally non-conducting and upon application of the sig 
nal generated by the magnetic pickup device thereto, 
becomes conducting. The transistors 148 and 160 com 
prise a differential amplifier with the transistor 148 
normally conducting and the transistor 160 normally 
non-conducting. When the transistor 132 becomes 
conducting, the voltage appearing at the collector elec 
trode 140 thereof drops causing the transistor 148 to 
become non-conducting and the transistor 160 to be 
come conducting. This condition will be maintained 
until the voltage appearing at the base 146 of the tran 
sistor 148 overcomes the bias appearing across the re 
sistor 156 at which time the transistor 148 will again 
become conducting thereby cutting off the transistor 
160. This change in the state of conduction of the tran 
sistor 148 produces at its collector electrode a positive 
going pulse of five volts and 100 microseconds dura 
tion. The combination of elements thus far described 
comprises the first pulse generator 10 which includes 
the electromagnetic pickup and the amplifier and pulse 
shaper 52 and 56 as shown in FIG. 2. 
The collector 152 of the transistor 148 is also con 

nected by the lead 174 as an input to the inverting 
NAND gate 176. The function of the NAND gate 176 
is merely that of isolation and inversion and any device 
capable of performing these functions may be utilized 
in place of the NAND gate 176. It has however been 
determined that this function is appropriately per 
formed by the structure employed as a NAND gate and 
such is therefore chosen as being preferred in the pres 
ent invention. 
The output from the gate 176 is applied by way of the 

lead 178 to an input terminal 180 of an AND gate 182. 
The other terminal 184 of the AND gate 182 is con 
nected by way of the lead 186 to a common point 188 
between the capacitor 190 and the resistor 192. The 
other side of the capacitor 190 is connected to the out 
put terminal 194 of the AND gate 182. A variable resis 
tor 196 is connected from the resistor 192 to the collec 
tor 198 of the transistor 200, the emitter 202 of which 
is connected through the resistor 204 to ground. The 
function of the resistor 200 will be described more in 
detail hereinbelow. 
The AND gate 182 functions to produce an output 

signal of constant amplitude but variable duration. 
Under quiescent operating conditions, that is when no 
signal appears at the lead 178, the terminal 180 of the 
AND gate 182 is high and in this particular circuit ap 
plication is at 5 volts. Under these circumstances if the 
terminal 184 exceeds a threshold voltage which in this 
particular circuit application is approximately 1.7 volts, 
then the output terminal 194 is also high and in this 
particular application is at five volts. Upon application 
of the positive-going pulse to the lead 174 as above de 
scribed, the output of the NAND gate 176 goes nega 
tive and drops from +5 volts to zero. Thus, zero volts is 

6 
applied to terminal 180 of the AND gate 182. When 
such occurs, the AND gate output is caused to change 
states from high to low and thus drops from 5 volts to 
zero volts. When such occurs, the change in state is 
coupled to the input terminal 184 of the AND gate 182. 
Capacitor 190 immediately commences charging 
toward +5 volts through the resistors 192, 196 and 276 
and to the bus 116. When the charge across the capaci 
tor 190 exceeds the 1.7 volt threshold voltage, the out 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

put signal at the terminal 194 of the AND gate 182 will 
then again go to its high or 5 volt state. Such assumes 
of course that the voltage appearing at the terminal 180 
has again gone to the high or 5 volt state, which will 
have occurred at the termination of the input signal ap 
pearing on lead 174 connected to the NAND gate 176. 
This time duration as above pointed out is approxi 
mately 100 microseconds. 
When the engine speed is relatively slow, that is ap 

proximately 0-600 revolutions per minute, the spark 
should occur substantially at top-dead center of the pis 
ton stroke and thus no spark advance is required. 
Under these circumstances, the time constant for 
charging the capacitor 190 is such that the duration of 
the negative-going pulse at the output terminal 194 of 
the AND gate 182 imparts no spark advance. The vari 
able resistor 196 provides appropriate adjustment to 
effect this time constant at the desired point. 
The negative-going signal thus generated by the AND 

gate 182 is applied as an input signal to the inverting 
NAND gate 210. NAND gate 210 functions precisely 
the same as NAND gate 176 and thus provides a posi 
tive-going signal on the lead 212 having a duration as 
determined by the controlled AND gate 182. This sig 
nal is differentiated by the capacitor 214 and resistor 
215 with a differentiated signal appearing at the input 
terminal 216 of the NAND gate 218. The NAND gate 
218 functions as a monostable multivibrator responsive 
only to negative-going signals. Thus, by differentiation 
of the output pulse from gate 210, only the negative 
going spike caused by the trailing edge of the output 
pulse effects any response in the NAND gate 218. 
Thus, when the negative-going signal appears at the ter 
minal 216 of the NAND gate 218 and drops below the 
threshold of 1.7 volts, the output appearing on the lead 
220 of the NAND gate 218 is a positive-going signal. 
The input differentiating network of the AND gate 218 
is designed such that the output signal has a duration of 
100 microseconds. It should be noted that the leading 
edge of this output signal coincides with the trailing 
edge of the output signal from the AND gate 182. This 
output signal is coupled through the inverting NAND 
gate 222 and appears as a negative-going signal 100 mi 
croseconds in duration on the lead 224. This signal is 
coupled by way of the resistor 226 to the base 228 of 
the transistor 230. The emitter 232 of the transistor is 
connected through the emitter resistor 234 to ground 
as illustrated and also by way of the lead 236 to the 
base 238 of the transistor 240, the emitter 242 of which 
is connected to ground as illustrated. The collectors 
231 and 241 of the transistors 230 and 240 are each 
connected through the primary winding 81 of the igni 
tion coil 82 and through the ballast resistor 78 and the 
ignition switch 76 to the battery 68. The resistors 244 
are connected in series between the collectors of the 
two transistors and ground, and a diode 248 is con 
nected between the common point of the two resistors 
and the lead 236. The combination of the two resistors 
244 and 246 and the diode 248 functions to protect the 
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transistors 230 and 240 from inductive kick voltage of 
high magnitude, for example, in excess of 200 volts. 
During quiescent conduction, that is when no signals 
are applied from the magnetic pickup through the cir 
cuit thus far described, the transistors 230 and 240 are 
in their 244 and 246 conducting states since the emit 
ter-base diodes of each are forward biased as is well 
known to those skilled in the art. Under this circum 
stance those skilled in the art will recognize that the 
battery 68 potential is applied continuously through the 
primary winding 81 of the ignition coil 82 and through 
the conducting transistor 240 to ground. Thus, the 
magnetic flux is built up in the ignition coil. Upon ap 
plication of the negative-going 100 microsecond signal 
by way of the lead 224 to the base of the transistor 230, 
the transistors 230 and 240 are caused to go to their 
non-conducting state. As a result, current flow through 
the primary winding ceases and the magnetic field col 
lapses. As a result thereof, the secondary coil has in 
duced therein a high voltage potential which is applied 
as above described to the sparkplugs 90. Upon termina 
tion of the negative-going pulse to the transistor base 
228 of the transistor 230, the transistors 230 and 240 
again return to their conducting states and once again 
the current flows through the primary winding 81 thus 
building the flux appearing therein to a maximum. 
Turning now to the spark-advance circuit of the pres 

ent invention, the output signal from the trailing edge 
monostable multivibrator comprising the NAND gate 
218 is applied through an inverting NAND gate 250 
where it is inverted and at the lead 252 is a negative 
going 100 microsecond duration pulse. This pulse is ap 
plied to the cathode of the diode 254 the anode of 
which is connected through the capacitor 256 to 
ground. A common point 258 between the diode and 
the capacitor is connected to the base 260 of a transis 
tor 262 which is connected in an emitter-follower con 
figuration. The collector 264 thereof is connected to 
the bus 116 while the emitter 268 thereof is connected 
through the resistor 270 to ground. A resistor 272 is 
connected from the common point 258 to the bus 116. 

It will be noted that the diode 254 is reversed biased 
by the output signal appearing on the lead 252 being 
high. Under these circumstances the transistor 262 is 
conducting. When the negative-going signal appears on 
the lead 252 at the output of the inverting NAND gate 
250, the diode 254 is forward biased thus immediately 
shorting any charge which appears on the capacitor 
256. Upon the expiration of the 100 microsecond 
pulse, the diode 254 is once again reversed biased and 
the capacitor 256 is connected in series with the resis 
tor 272 between ground and the five volts appearing on 
the bus 116. As a result, the capacitor 256 will charge 
from its zero voltage condition toward five volts in the 
traditional charging cycle of a capacitor with a time 
constant determined by the resistor 272 and the capaci 
tor 256. The charge appearing across the capacitor 256 
is connected as the input signal to the base 260 of the 
transistor 262. since the transistor is in an emitter-fol 
lower stage, this output signal then appears across the 
resistor 270. The output signal is coupled by way of the 
resistor 274 to the base 206 of the transistor 200. The 
transistor 200 functions as an amplifier which inverts 
the signal appearing across the resistor 270 while at the 
same time amplifying the same. The output signal ap 
pears across the load resistor 276 connected between 
the collector 198 and the bus 116. Thus the signal ap 
pearing across the resistor 276 is applied to the resis 
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8 
tors 192 and 196 which are connected to the capacitor 
190 thereby effectively decreasing the time constant 
required for the capacitor 190 to charge by an amount 
proportional to the signal appearing across the resistor 
276. It will now be recognized that if the firing time for 
the sparkplugs occurs at any time during the change 
period of the capacitor 256, that is before it reaches its 
full charge, then this voltage is applied to the charge 
path of the capacitor 190 thereby decreasing its time 
constant for charging allowing it to reach the threshold 
of 1.7 volts faster than before. As a result, the trailing 
edge of the output signal from the controlled AND gate 
182 occurs sooner. However, if the spark firing time 
occurs after the capacitor 256 has achieved substan 
tially its entire charge, then the output signal developed 
by the transistor 200 will have no effect on the charge 
time of the capacitor 190 and thus the spark will not be 
advanced but rather will occur in the zero advance or 
retarded condition as will have been previously estab 
lished by the adjustment of the resistor 196. 

It will also be recognized by those skilled in the art 
that if the firing time occurs early in the charge cycle of 
the capacitor 256, then a substantial signal is applied by 
way of the transistor 200 to the charge circuit of the ca 
pacitor 190. Such substantially decreases the resistance 
appearing in the charge path and decreases the R-C 
time constant thus allowing the capacitor to more rap 
idly charge to a value above the threshold established 
for the controlled AND gate thereby terminating the 
output pulse therefrom much sooner. In this fashion the 
spark is advanced substantially and in direct relation 
ship to the speed of the engine. 

It will be noted that a switch 278 is connected be 
tween ground and a variable resistor 280 the other side 
of which is connected to the base 206 of the transistor 
200. An additional resistor 282 is also connected be 
tween the base 206 and the collector 198 of the transis 
tor 200. The switch 278 is connected to sense the vac 
uum appearing at the intake manifold of the engine. 
Upon the occurrence of a predetermined amount of 
vacuum at that point, for example, in the preferred em 
bodiment approximately ten pounds per square inch, 
the switch 278 will close inserting the resistor 280 into 
the circuit and inserting it in parallel with the resistors 
270 and 274, thus lowering the bias on the base of the 
transistor 200. As a result, the output signal at the col 
lector of the transistor 200 increases thereby inserting 
an even greater amount of voltage in the charge path of 
the capacitor 190 causing it to reach the threshold volt 
age even sooner. As a result, upon actuation of the 
switch 278 the spark is advanced by a larger amount 
through the technique of effectively placing the func 
tion generated across the capacitor 256 on a pedestal 
of voltage. 
Referring now to FIG. 4, various wave forms are illus 

trated taken at various points throughout the circuit of 
FIG. 3. In FIG.4, voltage is plotted on the ordinate and 
time along the abscissa. The curve 302 is taken across 
the resistor 134 and represents the signal generated by 
the electromagnetic pickup device. The curve 304 is 
taken from the collector 152 of the transistor 148 to 
ground and represents the input signal to the inverting 
NAND gate 176. The curve 306 is taken at the output 
of the inverting NAND gate 210. The curve 308 is 
taken from the collector 198 of the transistor 200 to 
ground and represents the voltage which is a wave 
function with respect to time that is applied to effec 
tively reduce the time constant in the charge path of 
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the capacitor 190. The curve 310 is the output signal of 
the inverting NAND gate 222 which is utilized to cut 
off the semiconductor switch consisting of transistor 
240, and the curve 312 is the voltage applied to the 
sparkplugs 90. 

In the left half of FIG. 4 the curves illustrated are 
taken during the time period when an internal combus 
tion engine is operating at idle speed, that is in the 
range of approximately 600 revolutions per minute. 
Under these circumstances the electronic function gen 
erator produces a repetitive curve 308 and the spark 
occurs substantially at the conclusion thereof with the 
resultant of substantially no spark advance. It will be 
recognized that the curve 308 in the example given is . 
substantially a logarithmic function and is generated by 
the charging of the capacitor 256 with that function in 
verted through the amplifier including the transistor 
200. It will be recalled that each time the spark is initi 
ated the charge across capacitor 256 is shorted out, and 
the capacitor again commences to charge toward its 
maximum of 5 volts. Thus, the function 308 always 
commences at the same point. Thus, the points illus 
trated at 314 and 316 illustrate the commencement of 
the function each time the spark is initiated when the 
engine is at low speeds. 
Referring now to the right half of FIG. 4 these curves 

are taken when the engine speed has substantially in 
creased from idle. Again, it should be pointed out that 
the function curve 308 commences each time at the 
same point. Thus, the points 318, 320, 322 and 324 
each illustrate the commencement of the function 
curve 308 as has above been described. It will also now 
be noted that the electromagnetic pickup generated 
curve 302 illustrates a substantially greater number of 
pulses per unit of time being generated. As each of 
these pulses is generated, the output signal from the 
controlled AND gate 60 also commences as is illus 
trated by the inverted waveform thereof at 306. How 
ever, it will be noted that the duration of the pulses on 
the right half of FIG. 4 at curve 306 are substantially 
shorter than those on the left half. Such occurs as a re 
sult of the effective decrease in resistance in the charge 
path of the capacitor 190 of the controlled AND gate 
60, that is, from the function generator curve 308. Thus 
as will be seen, during the time that the function gener 
ator curve is decreasing from the point 318 along its 
path 326, the charge across the capacitor 190 reaches 
the threshold voltage at a shorter period of time than is 
the case on the left half of FIG. 4 so that at the point 
328, the controlled AND gate 60 changes states, thus 
causing the pulse in waveform 306 as illustrated at 330 
to terminate, thereby shorting out the capacitor 256 
and once again starting the function generator from its 
initial position as at 320, and also initiating the spark as 
shown in waveforms 310 and 312. The dashed lines 
show the function signal path if capacitor 190 were al 
lowed to fully charge as was the case at the left half of 
FIG. 4. 

It will thus be recognized by those skilled in the art 
that as the engine speed continues to increase, the 
number of pulses generated by the electromagnetic 
pickup will increase per unit of time and the frequency 
of repetition of the pulses on the curve 306 will in 
crease but the duration of each of the pulses will de 
crease as a result of the function generator output volt 
age being inserted sooner and thus closer to its point of 
commencement to effectively decrease the resistance 
in the charge path of the capacitor 190. 

10 
Although the function generated by the electronic 

function generator in the preferred embodiment thus 
far discussed is substantially logarithmic, it will be un 
derstood by those skilled in the art that the function 
may be any function of voltage with respect to time as 
may be desired for the particular engine application. As 
an example, a linear ramp may be generated through 
the utilization of an operating amplifier having a capac 
itor connected in a feedback relationship therewith, as 
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is well known in the art. The ramp can be caused to ter 
minate at any point during the timing function thus en 
abling an internal combustion engine to be operated 
during the relatively low speed such as at idle with zero 
spark advance and then inserting a spark advance as 
herein described at some predetermined point such as 
for example 600 revolutions per minute of engine 
speed and above. 
Each of the NAND gates 176,210, 222 and 250 as 

well as the trailing edge monostable device 218 may be 
constructed of circuits well known in the prior art. For 
example, a quadruple 2-input positive NAND gate, 
manufactured by Texas Instruments, Incorporated, of 
Dallas, Texas, circuit type SN7400 may be utilized. 
Such a circuit is illustrated in FIG. 5A for purposes of 
completeness of disclosure. It will be recognized by 
those skilled in the art that with the two emitters A and 
B connected together, as illustrated, when the input sig 
nal connected thereto goes from a low state to a high 
state in excess of a threshold voltage (greater than ap 
proximately 1.7 volts), the voltage appearing at the ter 
minal marked "output' goes from a high state to a low 
state. Likewise, if the input voltage applied to the inter 
connected emitters A and B is at a high state and then 
is driven below the threshold voltage, the output signal 
appearing at the terminal marked output will go from a 
low state to a high state and will remain high until such 
a time as the signal appearing at the interconnected 
emitters again exceeds the threshold voltage at which 
time the output signal will return to its low state. Thus, 
by connecting the capacitor-resistor combination to 
the input terminals A and B interconnected together as 
is illustrated for the trailing edge monostable 218, and 
properly selecting the resistor and capacitor values to a 
desired time constant, one may obtain an output signal 
of constant duration and amplitude as hereinabove de 
scribed. 
By interconnecting two of the NAND gates as illus 

trated in FIG. 5B, one may obtain the variable duration 
pulsewidth device 182 as hereinabove described. Thus, 
by connecting the capacitor between the output of the 
second NAND gate and the emitter B of the first 
NAND gate as illustrated and by connecting the emit 
ter A of the first NAND gate to receive the output sig 
nal from the first pulse generator 10, the output voltage 
from the second NAND gate goes from a high to a low 
state when the input signal at emitter A goes from a 
high to a low state. The output remains low until the 
charge across the capacitor reaches the threshold level 
as above described at which time the output agains re 
turns high. 

If desired, one may utilize a commercially available 
AND gate also made by Texas Instruments, Incorpo 
rated, of Dallas, Texas, and referred to as the quadru 
ple 2-input positive AND gate, for example circuit type 
SN5408. For purposes of completeness of disclosure, 
such a circuit is illustrated in FIG. 5C, to which refer 
ence is hereby made. With the capacitor intercon 
nected between the output terminal and the input ter 
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minal B and with the input terminal A connected to re 
ceive the input signal as previously described with re 
spect to FIG. 5B, the desired output voltage waveforms 
will result. 

It will be recognized by those skilled in the art that 
the appropriate connections to operating potential of 
five volts and to ground are made to each of the gates 
referred to in FIG. 3 as illustrated in FIG. 5. 

SUMMARY OF SYSTEM OPERATION 

From the foregoing it can be seen that as the disc 40 
is rotated by the engine crankshaft 42, a voltage signal 
is generated by the electromagnetic pickup 52 as each 
of the discontinuities pass by. This signal is then ampli 
fied by the amplifier pulse shaper 56. 
The discontinuities in disc 40 are equally spaced at its 

periphery and the number thereof equal the number of 
sparkplugs fired per revolution of the engine. For ex 
ample, in an eight-cylinder reciprocating internal com 
bustion engine, four sparkplugs fire per revolution of 
the engine's crankshaft. Consequently, in the specific 
disc 40, four slots or indentations spaced 90° of arc 
apart are required. 
The electromagnetic pickup 52 is positioned perpen 

dicular to the periphery of disc 40 and for an eight-cyl 
inder engine at 45° before top-dead center or after top 
dead center with respect to the slots. Thus, the signal 
voltage pulse output from the first pulse generator 10 
occurs exactly 45 before top-dead center with respect 
to the particular cylinder to be provided with a spark 
for ignition. 
This pulse then triggers the controlled AND gate 60 

which is designed to generate a pulse ten milliseconds 
in duration at 600 RPM engine speed. Such occurs be 
cause the resistor 196 is effectively at ground and the 
function generator has little or no effect at this engine 
speed. This pulse, because of its time duration and the 
spark occurring on its termination, will retard the en 
gine timing advance exactly 36 of engine crankshaft 
angle. When subtracted from the 45 setting of the 
electromagnetic pickup 52, there is provided a net of 9 
before top-dead center basic timing advance for this 
engine (eight-cylinder) at 600 RPM. 
Variable resistor 196 may be adjusted to add or sub 

tract an additional 5 of engine crankshaft angle at 600 
RPM thus providing an electronic means to further ad 
just the basic timing advance. 
As the engine speed increases the function signal or 

control voltage 308 provided at the output of the con 
trol amplifier 200 becomes more positive and effec 
tively shortens the duration of the pulse 306 from the 
controlled monostable 60. This, in effect, will advance 
the engine's timing. 
As the engine load decreases during cruise conditions 

and vacuum manifold pressure reaches 10 psi, the 
vacuum-actuated switch 278 closes connecting bias re 
sistor 280 to ground which shifts control voltage 308 
more positively. This shift causes a further reduction in 
the pulse duration of voltage output 306 at the con 
trolled AND gate and an additional timing advance oc 
curs. Variable bias resistor 280 may be adjusted to fur 
ther provide means of control and to adjust the range of 
the vacuum-actuated timing advance. 
The output voltage pulse 306 is applied to the trailing 

edge monostable 64 to generate a voltage 310. This 
voltage is then applied to the power amplifier 66 which 
connects the primary winding 81 of the ignition coil 82 
to the semiconductor switch. Current flows at all times 
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12 
through the primary 81 of the ignition coil 82 except at 
the time of the spark period voltage 312 which is 100 
microseconds, thus providing the sparkplugs with en 
ergy that is constant at all engine RPM. 
There has thus been disclosed an electronic ignition 

system providing automatic electronic spark advance 
at desired engine speeds which eliminates problems in 
herent in the prior art systems. 
What is claimed is: 
1. An electronic ignition system for internal combus 

tion engines comprising: 
A. electromagnetic means for generating a plurality 
of pulses, 
1. said means generating one pulse for each spark 
plug which will fire during each revolution of a 
crankshaft in said engine, and 

2. the repetition rate of said pulses being directly 
proportional to engine speed; 

B. control means having first and second input termi 
nals and an output terminal for providing a control 
signal having a duration variable with engine speed 
thereby to advance the firing of the spark plugs in 
said engine, said control signal upon termination 
thereof initiating the firing of a spark plug; 

C. an electronic function generator means for auto 
matically generating an electronic signal of prede 
termined but constant wave form having a charac 
teristic matching the desired spark advance profile 
of said engine, said electronic signal commencing 
responsive to termination of said control signal; 

D. means connecting said pulses from said electro 
magnetic means to said first terminal of said con 
trol means, said control signal being initiated by 
each of said pulses; 

E. capacitive feedback means connected between 
said output terminal and said second input terminal 
for terminating said control signal a predetermined 
fixed time after initiation thereof in the absence of 
an electronic signal; and 

F. means connecting said electronic signal to said 
second terminal for automatically advancing termi 
nation of said control signal as engine speed in 
Ce2SeS. 

2. An electronic ignition system for internal combus 
tion engines as defined in claim 1 wherein said control 
means includes a controlled AND gate the output sig 
nal of which changes from a first to a second state upon 
the application of a pulse to said first terminal, said out 
put signal terminating when the charge on said capaci 
tor reaches a predetermined point, the time of occu 
rence of said point being determined by said electronic 
signal. 

3. An electronic ignition system for internal combus 
tion engines as defined in claim 1 wherein said function 
generator means includes capacitor means, means for 
initiating the charge cycle of said capacitor means sub 
stantially coincidental with initiation of the spark, and 
amplifier means coupled to receive as an input signal 
the charge on said capacitor means, 

4. An electronic ignition system for internal combus 
tion engines as defined in claim 3 wherein said ampli 
fier means includes bias means, switch means con 
nected to insert said bias means into said amplifier 
means, and means connecting said switch means to re 
ceive pressure signals from the intake manifold of said 
engine for actuating said switch means responsive to 
vacuum increase thereby advancing termination of said 
output signal. 
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5. An electronic ignition system for use with a direct 
current potential source and an ignition coil for apply 
ing electrical energy to sparkplugs to generate a spark 
for combustion of gases in an internal combustion en 
gine comprising: 
A. First pulse generator means for producing output 
pulses in timed relationship with said engine speed; 

B. Second pulse generator means coupled to receive 
pulses from said first pulse generator means and re 
sponsive thereto to initiate production of output 
pulses having variable time duration and com 
mencing with the commencement of said pulse 
from said first pulse generator; 

C. Capacitive feedback means coupling said output 
pulses to the input of said second pulse generator 
means for terminating said output pulse a predeter 
mined fixed time after initiation thereof, said time 
being determined by the charge time of said capac 
itor to reach a predetermined voltage level in the 
absence of other signals; 

D. Semiconductor switch means for controlling ap 
plication of said direct current to said ignition coil; 

E. Means coupling the output signal of said second 
pulse generator means to said semiconductor 
switch means for initiating said spark upon termi 
nation of said second pulse generator output signal; 

F. Electronic spark-advance means including: 
1. electronic function generator means for provid 
ing an output signal which varies as a function of 
time, said variation corresponding to the desired 
spark advance profile of said engine; 
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14 
2. initiating means connected for causing said func 

tion generator means to start to produce said out 
put signal substantially coincidental with com 
mencement of said spark; and 

3. means coupling said output signal of said func 
tion generator to said second pulse generator 
means for terminating said variable duration 
pulse in a shorter time than without said function 
generator signal thereby to automatically ad 
vance commencement of said spark as said en 
gine speed increases. 

6. An electronic ignition system for internal combus 
tion engines as defined in claim 5 wherein said elec 
tronic function generator means includes capacitor 
means, means for initiating the charge cycle of said ca 
pacitor means substantially coincidental with initiation 
of the spark, and amplifier means coupled to receive 
the charge on said capacitor means. 

7. An electronic ignition system for internal combus 
tion engines as defined in claim 6 wherein said coupling 
means includes monostable means responsive only to 
the trailing edge of output pulses from said second 
pulse generator for providing pulses of constant dura 
tion and amplitude for controlling said semiconductor 
switch thereby to provide a constant spark at all engine 
speeds. 

8. An electronic ignition system for internal combus 
tion engines as defined in claim 7 wherein said initiat 
ing means includes means coupling said pulses of con 
stant duration and magnitude to said capacitor means 
for initiating commencement of said capacitor means 
charge cycle. 

ck xk sk cK sk 

  



UNITED STATES PATENT OFFICE 

CERTIFICATE OF CORRECTION 
PATENT NO. : 3,923, 0.29 

DATED December 2, 1975 
NVENTOR(S) : Benito Polo 

It is certified that error appears in the above-identified patent and that said Letters Patent 
are hereby Corrected as shown below: 

Column 6 Line 46 after "the" "AND" should be --NAND-- 

Column 6, Line 63 after "244" insert -- and 246-- 

Column 7, Line 6 after "their" omit "244 and 246" 

signed and gealed this 
ninth Day of March 1976 

SEAL 
O Attest: 

RUTH C. MASON C. MARSHALL D ANN 
At testing Officer Commissioner of Patents and Trademarks 

() 

D 

() 

() 

  

  

  

  

  

  

  

    

  


