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[57] ABSTRACT 

A first transducer provides a sequence of pulses, for 
example speed-dependent pulses, which cause, se 
quentially, loading and unloading of more rapidly oc 
curring count pulses. The count pulses may have a 
count repetition rate depending on an operating con 
dition of the device, for example loading on the engine 
as determined by inlet manifold vacuum, or fuel/air 
?ow to the engine. The binary number of the count 
pulses, in a certain interval as determined by the speed 
or tachometer pulses is compared with the binary 
number developed, non-linearly, from the function 
generator as the engine rotates and, upon coincidence 
of count numbers, a pulse is generated which triggers 
the ignition of the engine, thereby providing for good 
approximation of the non-linear spark advance/retard 
timing with respect to engine speed and loading. 

27 Claims, 7 Drawing Figures 
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DIGITAL CIRCUIT PROVIDING A TRIGGER 
SIGNAL TO TRIGGER AN EVENT BASED ON 

OPERATING FUNCTIONS OF MOVING 
APPARATUS ELEMENTS, PARTICULARLY TO 

TRIGGER AN IGNITION PULSE IN AN INTERNAL 
COMBUSTION ENGINE 

The present invention relates to a digital system to 
provide a trigger pulse to trigger an operating event in 
an apparatus, and more particularly to trigger the igni 
tion instant in an internal combustion engine, in which 
the particular instant of time, with respect to crank 
shaft position (or other movable element positions of 
the device) is accurately predetermined. 
The ignition timing, that-is, the advance or retard 

angle of ignition with respect to speed and load on the 
engine, must be changed as the speed and load on the 
engine, respectively, change; other operating or ambi 
ent parameters may, additionally, have to be taken into 
consideration. Changing the ignition instant is required 
by the time taken for the combustible mixture to burn. 
Upon a spark being generated at the gap of the spark 
plug, only that portion of the combustible air-fuel mix 
ture in the cylinder will ignite which is in immediate vi 
cinity of the spark plug gap. A ?ame front or wall then 
passes, with approximately constant speed, throughout 
the cylinder and ignites the remainder of the combusti 
ble mixture therein. This flame front,, or movable wall 
of ?ame, requires roughly the same time to pass from 
the spark plug to the cylinder wall regardless of the 
speed of the engine. 
Maximum combustion pressure should occur in the 

engine shortly after the piston passes through the upper 
dead center (UDC) position thereof. This condition, 
then, requires adjustment of the timing of the ignition 
spark with respect-to the angular position of the crank 
shaft of the piston in the respective cylinder in such a 
manner that the spark is advanced from UDC position 
as the speed of the machine increases, in order to com 
pensate for the constant propagation time of the ?ame 
front in the cylinder upon combustion. 
The speed of the ?ame front depends on the compo 

sition of the combustible mixture within the cylinder, 
that is, on the relative mixture of fuel and air, with re 
spect to stoichiometric values. If the load on the inter 
nal combustion is high, and the throttle thereto is wide 
open so that the inlet manifold will have a low vacuum 
therein, the cylinder will receive a rich mixture which 
is readily ignitable. The ?ame front will propagate with 
high speed in a rich mixture. Ignition may therefore be 
retarded. If, however, the loading on the engine is only 
small and the throttle is essentially closed, the mixture 
supplied by a carburetor will be on the lean side, which 
results in a lower propagation speed of the ?ame front. 
This condition, then, requires ignition advance. In gen 
eral, reference is made in this connection to spark ad 
vance if the angle ofignition, with respect to crankshaft 
angle, is well in advance of UDC position; the spark is 
retarded if the angle of ignition is only slightly in ad 
vance of UDC position of the piston, or at, or even af 
ter, or behind the UDC position. 
The pressure or, rather, the vacuum in the inlet mani 

fold customarily is used as a measure for the load ‘on 
the internal combustion engine. This vacuum can be 
measured by means of a diaphragm chamber. Speed of 
the engine is customarily measured in mechanical igni 
tion control systems by means of centrifugal weights. 
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Various electronic circuits have been proposed in 

which the customary mechanical change of angular po 
sition of the ignition angle is replaced by electronic cir 
cuitry; such electronic circuitry operates without wear 
and tear. Most such circuits use analog technology. 
Speed of the engine and inlet vacuum are transformed 
into d-c voltages of variable amplitude. While satisfac 
tory in many respects, analog technology has the disad 
vantage that ignition timing circuits require extensive 
adjustment before the timing circuits can be matched 
to an engine, and to match the various voltage levels of 
the various stages of the circuit to each other. Stray 
fields and possible feedback within the various compo 
nents of such circuits have to be compensated for. 
Long-term variations in analog circuits also occur, 
causing drift, so that the voltage levels of signals in the 
circuit may slightly shift due _to_aging of the compo 
nents in the circuits used. 

It has previously been proposed to use digital circuits 
to adjust and change the ignition angle, in which the 
speed of the internal combustion engine is sensed by 
counting in a counter the output pulses from a tachom 
eter generator during a predetermined time. The time 
itself, during which the pulses are counted, is deter 
mined by a monostable multivibrator or ?ip-?op (FF). 
The pulse duration, that is, the unstable time of the 
monostable FF is changed in dependence on inlet man 
ifold vacuum, and may, additionally, be changed in de 
pendence on other operating parameters. This type of 
circuit is only partially a digital circuit; the monostable 
FF, providing a predetermined timing period, is actu 
ally an analog component which has the disadvantages 
above. referred to of analog circuitry. lt is, additionally, 
difficult to control monostable FF’s by more than one 
operating parameter to accurately determine the unsta 
ble time thereof. 

Circuits of this type, which may be termed composite 
or semi-digital circuits determine the ignition angle by 
means of a counting procedure which is sub-divided 
into two parts or sections. The first section starts, for 
example, 180° before UDC position. The output pulses 
of the tachometer generator are counted during the 
time ?xed by the monostable FF. The counting stage 
increases, with increasing speed. Thereafter, at a pre 
determined angular position of the crankshaft, for ex~ 
ample 45° in advance of UDC position, the counting is 
continued and terminated at a predetermined time of 
count pulses, at which time the ignition system is trig 
gered. If more pulses were counted during the first 
counting portion, then lesser numbers of pulses need be 
counted in the second portion. As a result, ignition is 
advanced at high speed. 
Such a counting system may introduce a dynamic 

error if the speed of the internal combustion engine 
changes rapidly, since speed is determined only once 
for each revolution of the crankshaft of the engine. If 
the ignition is then triggered after a subsequent half ro 
tation of the crankshaft, the then instantaneous speed 
of the engine may already have changed substantially. 

It is an object of the present invention to provide a 
system which is particularly adapted to be useful to 
trigger an ignition event, and which is entirely based on 
digital technology, utilizes digital components, and 
which largely avoids dynamic errors. In general, such 
a system can provide a pulse representative of a prede 
termined event in dependence on various parameters. 
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SUBJECT MATTER OF THE PRESENT 
INVENTION 

Brie?y, a ?rst transducer is provided which supplies 
a sequence of pulses. This transducer may, for exam 
ple, be a speed signal transducer providing a sequence 
of pulses representative of engine speed. The time 
lapse, between pulses, provides a digital number which, 
as such, preferably is generated by an oscillator; the 
frequency of this oscillator, which generates pulses 
which will form a count number may, itself, be variable 
and controlled by an operating parameter of the en 
gine, for example inlet manifold vacuum. The oscillator 
will have a frequency which is a high multiple of the 
frequency of the speed pulse generator, and the count 
number, between pulses, will then be a binary number 
representative of speed. This number is stored in a stor 
age counter. 
A function generator is provided which provides a 

sequence of pulses which have a time distribution, with 
respect to a datum, which is representative of the func 
tion of variation of an operating condition as the ma 
chine operates, for example, of the function of ignition 
timing with respect to angular crankshaft position. This 
function is non-linear and may, for example, be repre 
sented by non-linearly distributed marks, or teeth, on 
a rotating disk, or element, coupled to rotate with the 
crankshaft of the engine. A second count number will 
thus be provided, and when the stored count, derived 
from the pulses of the oscillator and accumulated dur 
ing subsequent pulses of the speed transducer matches 
the count number of the count derived from the func 
tion generator, a digital comparator provides an output 
signal indicative of such match, or equality, which out 
put signal is then used to trigger an ignition event. 
As applied to an internal combustion engine, the 

crankshaft of the engine thus drives two pulse sources, 
namely a pulse source which has output pulses uni 
formly distributed, angularly, with respect to the crank 
shaft; and a second pulse source, which operates as a 
function generator, and which provides pulses in de 
pendence on a desired speed characteristic with re 
spect to crankshaft angle. The speed pulse source, or 
tachometer generator, may provide a high number of 
pulses for each full revolution of the crankshaft, so that 
dynamic errors in measuring speed can be substantially 
reduced. Each new tachometer generator or speed 
pulse provides new speed information to the counter, 
in digital form. The function generator can be so ar 
ranged that any desired distribution of speed with re 
spect to ignition advance angle can be simulated, that 
is, can be matched to a particular internal combustion 
engine, or to a type of engine. The output derived from 
the function generator will be a binary number, 
counted in a function counter which will have a num 

ber counted therein which is a measure of the crank 
shaft angle through which the crankshaft has rotated, 
after a certain datum level has been passed, that is, 
after the function generator has started to provide 
pulses. 
The circuit in accordance with the present invention 

permits a number of possibilities to further consider ad 
ditional operating parameters in pure digital form. For 
example, the initial counting state of any one of the 
counters may be changed. A particularly simple possi 
bility to consider the vacuum in the inlet manifold is to 
change the operating frequency of the count oscillator, 
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4 
for example by introducing a variable L/C circuit 
therein. 
The invention will be described by way of example 

with reference to the accompanying drawings, wherein: 
FIG. 1 is a general schematic block circuit diagram 

of the system in accordance with the present invention; 
FIGS. 2-6 are graphs used in explanation of the oper 

ation of the circuit in accordance with FIG. 1; and 
FIG. 7 is a schematic representation of'a combined 

optical speed and function generator transducer. 
A tachometer generator 10, forming a speed-pulse 

transducer (FIG. 1) is coupled to a rotating shaft 38 of 
an internal combustion engine (not shown), for exam 
ple to the crankshaft, directly or by means of a trans 
mission. Transducer 10 includes a star wheel 11 having 
ferromagnetic teeth which pass by a magnetic core 12, 
on which a coil 13 is in inductively coupled relation 
ship. A terminal of coil 13 is connected to chassis or 
ground; the other terminal forms the output of the 
speed pulse transducer 10. A wave-shaping circuit 14 
is connected to the speed pulse transducer, including a 
differentiator 15 and a Schmitt trigger l6. Differenti 
ator 15 has a differentiating capacitor 17 which is con 
nected to the output of tachometer generator 10 and 
has another terminal thereof connected to a resistor 18, 
which in turn is grounded. The junction of the capaci 
tor 17 and resistor 18 is connected over a diode 19 to 

the Schmitt trigger 16. 
A vacuum diaphragm chamber 20 is connected by 

means of piping or tubing 21 to the inlet manifold of 
the internal combustion engine (not shown). A me 
chanical coupling 22 is connected to chamber 20 to 
change the position of a ferrite core 23 within a high 
frequency coil 24. Coil 24, together with a capacitor 25 
forms the tank circuit of an oscillator 26; the position 
of the core 23 within coil 24 determines the frequency 
of oscillator 26. 
The output of oscillator 26 is connected to the count 

input z of an engine speed counter 27. Counter 27, 
preferably, is a backward, or down counter, which 
counts downwardly from a number which can be set 
therein. The load input 1 of the engine speed counter 
27 is connected to the output of the Schmitt trigger l6. 
Pulses derived from the oscillator 26 are thus counted 
when a pulse from Schmitt trigger 16 is received until 
the next pulse, again, is received as will appear in detail 
below. The binary count state of the engine speed 
counter 27 which, due to the number of teeth on star 
wheel 11 is partically an instantaneous speed counter, 
is transferred to the input of a storage counter 28. Stor 
age counter 28 has a load input 1 which is energized 
over an inverter 29 connected to the output of the 
Schmitt trigger 16. 
A function generator 30 is connected to the crank 

shaft or similar rotating element of the engine 38, and, 
like the speed transducer 10, has a star wheel 31 which 
is driven from the engine. Star wheel 31 has ferromag 
netic teeth which pass the core 32 as the star wheel ro 
tates. In contrast to the star wheel 11, on which the 
teeth are uniformly distributed over the surface, wheel 
31 has the teeth located nonuniformly over the surface 
thereof. A coil 13 is wound over core 32, grounded at 
one end, and having its other terminal connected as the 
output of the function generator 30, directly to the 
input of a Schmitt trigger 34, which operates as a wave 
shaper. 
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The output of Schmitt trigger 34 is connected to the 
count input 2 of a function pulse counter 35. Function 
pulse counter 35, preferably, is a down counter which 
counts downwardly from a predetermined value. The 
load input 1 of the counter 35 is connected to the out 
put of a reference pulse transducer or source, formed 
by a switch 36 which is periodically opened and closed 
by a cam 37 operating in synchronism with crankshaft 
rotation of the engine. Broken line 38 schematically in 
dicates the synchronous drive of the two star wheels 1 1, 
31 and of cam 37 from the crankshaft of the internal 
combustion engine. The binary output of the function 
counter 35 and the output of the storage ‘counter 28 are 
both connected to two corresponding binary inputs of 
a binary comparator 39. The comparator 39 is con 
nected to an ampli?er 40, and provides an energizing 
pulse thereto upon coincidence of binary count input 
from the two counters 28, 35. 
Two start number, or initial state storage counters 

41, 42 are provided, respectively connected to the in 
stantaneous engine speed counter 27 and to the func 
tion pulse counter 35, respectively. The two start num 
ber storage counters may be read only memories 
(ROM’s) and are, therefore, indicated as ROM-1 and 
ROM-2; addressing inputs 43, 44, respectively, con 
nected to the counters 41, 42 permit addressing the 
counters with predetermined numbers to be set therein. 
The various addressing inputs, collectively indicated as 
Za and Zb are connected to suitable inputs thereof. 
The binary numbers Za and Zb are indicated, sche 

matically, as three-digit binary numbers. One digit of 
the binary number Zb is determined by the output sig 
nal of a threshold switch 45, the input of which is con 
nected to the tap point of a voltage divider formed by 
a resistor 46 and an NTC-resistor 47 which is a ther 
mally responsive resistor, in thermal contact with the 
engine block of the internal combustion engine, to 
sense engine temperature. 
One digit of the binary number Za is determined by 

whether the starter switch 48 is opened or closed; 
starter switch 48 is connected to the starter line. An 
other digit of the number Za is determined by the out 
put signal derived from an exhaust gas sensor (not 
shown) and schematically indicated as switch 49, thus 
providing a binary signal on the exhaust composition 
control line. The other digits of the binary numbers Za 
and Zb may be used, for example, for more accurate 
determination of the engine block temperature, so that 
the ignition timing can be adjusted, accurately, in vari 
ous stages, depending on engine temperature. Other 
parameters, such as ambient temperature, ambient air 
pressure, and the like may also be considered and intro 
duced as numbers into the respective start number stor 
age counters 41, 42. 

Basic operation: Alternating voltage pulses are in 
duced in coil 13 of tachometer generator 10 as the 
teeth of the star wheel 11 pass core 12. The frequency 
of these pulses is proportional to the speed of the inter 
nal combustion engine, as transferred to wheel 11 by 
shaft 38. The differentiator 15 provides steep needle 
pulses from the undulating alternating voltage pulses of 
transducer 10; diode 19 passes only the positive steep 
needle pulses to the Schmitt trigger 16, which trans 
forms these needle pulses into narrow square pulses, as 
shown. The pulse duration of these square pulses must 
be small with respect to the time gap between the 
square pulses. 
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The function generator also provides undulating volt 

age pulses which, however, need not be of such narrow 
width, nor so accurately triggered, so that the Schmitt 
trigger 34 can be connected directly to the output of 
the coil 33; if desired, a differentiator similar to differ 
entiator 15 may also be interposed. 

Oscillator 26 oscillates in accordance with the circuit 
parameters of the tank circuit formed of the inductance 
24 and the capacitance of capacitor 25. It is an L/C os 
cillator connected, for example, as a Hartley, or as a 
Colpitts oscillator. If the inlet manifold vacuum is high, 
that is, when the throttle is essentially closed, the dia 
phragm chamber 20 is compressed by the ambient air 
pressure, thus pulling the ferrite core 23 by link 22 
deeply into coil 24. This increases the inductivity of the 
coil 24 and the oscillation frequency of the oscillator 
26 decreases. The oscillation frequency, thus, increases 
with decrease in vacuum of the inlet manifold, and 
hence decreases with increasing loading on the internal 
combustion engine. 
The ferrite core 23, as shown in FIG. 1, is conical. 

This shape provides for non-linear variation of the fre 
quency with respect to change in vacuum of the inlet 
manifold. By suitably shaping core 23, for example to 
be slightly bulged, or to be concave (with respect to a 
strictly conical form) various, vacuum-vs.-oscillator fre 
quency characteristics can be obtained. 

Counters 27, 35, ROM'-l, and ROM-2, storage 
counter 28, and binary comparator 39 are standard ar 
ticles of commerce in the form of integrated compo 
nents. Counters 27, 35 may, for example, be SN 74191; 
storage element 28 may be a SN 7475, and binary com 
parator 29 may be a SN 7485. The start number storage 
counters 41, 42 may, for example, be SN 7475 (similar 
to counter 28) if additional correction quantities Za, 
Zb are not needed, so that it will not have separate ad 
dress inputs 43, 44. If an initial count state should be 
considered, that is if, depending on operating condi 
tions, different binary numbers Za, Zb should be en 
tered into the starting state of the counters 27 , 35, then 
the counters 41, 42 should be ROM’s. If in order to 
test, or for experimental circuits, or for other uses, the 
values in the memory counters 41, 42, representative 
of the binary numbers Za, Zb are to be changed, then 
a programmable read only memory (PROM) memory 
element such as Intel 1702 is suitable. 
The outputs of the memory counters 41, 42, whether 

fixed or programmable, provide a binary number, the 
value of which is determined by the value of the binary 
number Za, Zb connected to the address input thereof. 
The digital position of the output binary number can be 
matched to the digital positions of the counters 27, 35. 
Operation of the system as an ignition timing system, 

with reference to FIGS. 2-6: FIG. 2 illustrates the 
speed-timing adjustment curve 50 which is obtained 
from mechanical ignition timing adjustment systems, 
operating by means of centrifugal weights. The ignition 
angle is indicated at az at the ordinate of FIG. 2. For 
ease of explanation, the abscissa has three scales; the 
upper scale indicates the speed n in rpm; the intermedi 
ate scale shows the speed nin revolutions per second, 
or Hz; the third, and lower scale shows the time, T, nec 
essary for one revolution in milliseconds (ms). As can 
be seen from FIG. 2, the ignition angle is effectively 
constant at low speeds up to about 1,000 rpm; the angle 
then increases up to a speed of about 3,200 rpm at a 
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rather steep rate; above a speed of 3,200 rpm, the rate 
of increase is less. 
The advance angle characteristic 51 of FIG. 3 is de 

rived from the curve 50 of FIG. 2. The ignition angle 
az is illustrated as a function of time per revolution, or 
cycling time T, to a linear, increasing scale on the ab 
scissa. As derived from FIG. 2, the characteristic 
should have a constant value of about 10° above a cy 
cling time of 60 ms. The circuit according to FIG. 1, 
however, provides for a gradual decrease as shown by 
the broken line 52. Such a gradual decrease is desirable 
since, at very low speeds, the ignition angle should be 
shifted in the direction of spark delay. Centrifugal con 
trollers cannot provide for such increasing spark delay 
since, at very low speeds, insufficient centrifugal forces 
arise in the system. 
The characteristic 51 or 52, in accordance with FIG. 

3, is formed by the circuit according to FIG. 1. The 
counter 27 counts a value representative of instanta 
neous engine speed, that is, the cycling time which 
elapses between two pulses from the speed pulse trans 
ducer 10. Angular adjustment of the ignition angle is 
thus referred to cycling time and not, as in the custom 
ary control systems, to the speed of the engine. The 
label “instantaneous engine speed down counter” 
given to counter 27 is thus used only to conform to cus 
tomary terminology; the counter, actually, measures 
elapsed time of angular change of the crankshaft or, in 
other words, the time gap between pulses derived from 
the transducer 10. The teeth of star wheel 11 are 
equally spaced about the circumference thereof and 
thus, if the teeth are close together so that the angle of 
rotation between teeth is very small, the counter 27 will 
measure cycling time or, effectively, instantaneous en 
gine speed. 
FIGS. 4 and 5 are graphs which illustrate how the cy 

cling time counter, or instantaneous speed counter 27 
measures the time gap between pulses from the ta 
chometer generator 10 and, simultaneously, considers 
inlet manifold vacuum. 
The circuit of FIG. 1 is so polarized that the negative 

pulse ?ank.of a pulse applied to the load input 1 of 
counter 27 (or of the storage counter 28, respectively) 
causes transfer of the number applied to the respective 
binary number input. The count state of the counter 27 
is thus transferred to the storage counter 28 as soon as 
Schmitt trigger 16 provides a leading pulse edge which 
is inverted in the inverter 29. The pulse from the trigger 
16 is very short. Its trailing ?ank causes the binary 
number Z01 stored in the start number store ROM-l 
41 to be transferred to the instantaneous engine speed 
down counter 27. The count state of the counter 27 is 
indicated by Z in FIG. 4. It starts at Z01 and decreases 
in steps, since counter 27 is a down, or backward 
counter. 
Tachometer generator 10 provides pulses at the time 

instants T1, T2, T3, T4 . . . . Assuming overall, average 
engine speed to remain constant initially, the time gap, 
that is, elapsed time between the first three pulses T1 
to T3 remains constant. Let it be assumed that the 
speed increases, so that the pulse at time T4 occurs ear 
lier, and so that the time gap is decreased. The diagram 
according to FIG. 5 is drawn to the same scale and the 
same speed relationships pertain. The difference be 
tween the diagram of FIGS. 4 and 5 is that the counting 
frequency in FIG. 5, as determined by the frequency of 
oscillator 26 is increased, since the loading on the en 
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8 
gine has increased. As seen in FIG. 4, and at the lower 
counting frequency, the counter 27 counts down from 
start count Z01 to a relatively high count state Z1 until 
the next pulse T2, T3 occurs. This count number, Z1, 
is transferred to the storage counter 28, and counter 27 
is reset to its initial state Z01. At the fourth pulse T4, 
elapsed time is shorter (the time gap is narrower) so 
that counter 27 will reach only a still higher ?nal state, 
or count Z3, which is transferred at time T4 into the 
storage counter 28. 
The diagram of FIG. 5 illustrates, as noted, the same 

relationship at a higher counting frequency. The 
counter, therefore, reaches a lower count state Z2 after 
the first three pulses T1, T2, T3; at the fourth pulse, the 
count state Z4 is reached. 
The final count state Z1 to Z4 is, therefore, on the 

one hand a measure of the elapsed time between subse 
quent pulses, that is, speed of the engine over the angu 
lar range between teeth of the star wheel 11 and, fur 
ther, a measure of the pressure (or, rather, vacuum) in 
the inlet manifold. The determination of the ignition or 
firing angle a is derived from a combination of the 
count state in the function pulse counter 35 and the 
count state Z1 to Z4 reached by the counter 27, as il 
lustrated in FIG. 6. 
Counter 35 is set to an initial count state, as deter 

mined by start number store ROM-2 42 by the negative 
?ank of the reference pulse source 35, applied to termi 
nal 1. FIG. 6 assumes that the counter 35 is loaded at 
an angle a0 of 42' in advance of UDC position. Func 
tion generator 30 provides pulses starting at 40° in ad 
vance of UDC position. 

In that region of the characteristic 51 (FIG. 3) which 
is steep, the angle az changes strongly at only small 
changes of cycling time, or small changes in instanta 
neous speed. Such large change in the ignition angle az 
is obtained by spacing the teeth of the star wheel 31 
further apart. Conversely, the teeth of the star wheel 31 
must be very close together when the characteristic 
curve 51 (FIG. 3) is ?at. The star wheel 31 (FIG. 1) 
schematically indicates by teeth distribution how the 
curve of FIG. 3 can be formed. The ?rst three teeth are 
relatively close together, since they have to generate a 
curve representative of the ?at portion of curve 51 be 
tween T = 10 ms and T = 20 ms. Thereafter, a steeper 

portion follows and the teeth exhibit greater distance 
from each other. They then become dense, again, in 
order to form the portion of the curve to T = 60 ms, 
and then are very closely spaced since the curve should 
be as ?at as possible beyond T = 60 ms. 
The representation of the star wheel 31 (FIG. 1) is to 

be considered only schematically, since the teeth, there 
shown, are distributed over an angular range of more 
than 180°; in the example of FIG. 6, the teeth would be 
present only in an angular range of from 40° to 10° be 
fore UDC position, that is, should cover a range of only 
about 30°. If a high angular resolution is required, the 
teeth 31 may be distributed over a wide angular range 
— as illustrated, for example, in FIG. 1 — if an addi 
tional transmission is used to rotate star wheel 31 faster 
than the crankshaft. 
The curve along which the count of counter 35 pro 

ceeds — see FIG. 6 — is steep in that portion where the 
characteristic of FIG. 3 is ?at — and vice versa. At high 
speeds, that is, in short cyclical periods T, the counter 
27 reaches count numbers which differ only slightly 
from the initial count state Z01. In that range, the 
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count curve of the counter 35 is steep (see FIG. 6). The 
ignition angle az changes only slightly when the change 
in cycling time is small, as is apparent from FIG. 3. The 
counting curve in accordance with FIG. 6 reaches the 
count condition or state Z1 (FIG. 4) at an ignition 
angle az of about 18° in advance of UDC position. This 
is the instant of time in which the two binary numbers 
applied to the comparator 39 are equal, and compara 
tor 39 thus provides an output pulse, to be ampli?ed in 
power ampli?er 40, to trigger the ignition system. 

If the engine is highly loaded, that is, if the vacuum 
in the intake manifold is low (curves of FIG. 5), a lower 
count will accumulate in counter 27, corresponding to 
count number Z2. The speed has not changed. Ignition 
only occurs when the count state, as derived from the 
count curve of FIG. 6 has reached the count value Z2, 
that is, at an angle az of about 11° in advance of UDC. 
This is as desired since, as above explained, at high 
loading the mixture introduced into the cylinder is 
more readily ?ammable or ignitable, so that the time of 
ignition of the entire mixture is shorter. 
The electromagnetic transducer 10 and 30 may have 

the difficulty that they permit only a limited resolution 
of the angles of the crankshaft, during which ignition 
should be commanded. The circumference of a star 
wheel 11, or 31, respectively, for tolerable size, may ac 
comodate up to about 120 teeth, or projections, spaced 
by an angular distance of about 3°. The accuracy of res 
olution of the ignition angle az, in accordance with 
FIG. 6, is determined by the distance of the teeth of the 
star wheel 31. Even if a speed transmission of 1 : 4 is 
provided with respect to the crankshaft, so that the star 
wheel 31 rotates four times as fast, and the teeth are lo 
cated as closely to each other as possible, an angular 
resolution of only about 0.8" can be obtained. The 
teeth of star wheel 31 are spaced farther apart in the 
steeper ranges of the characteristic curve of FIG. 3 so 
that in those ranges an angular resolution of about 5° 
can be obtained. This resolution remains, independent 
of the lifetime, or use of the apparatus, and this con 
stantly, perpetually available resolution is a substantial 
advance with respect to mechanical ignition timing ar 
rangements. Better accuracy should, however, be pos 
sible, and the possibility to obtain high accuracy by dig 
ital circuits can be additionally utilized by providing 
transducers which have even higher resolution. Instead 
of the electromagnetic transducers 10, 30, photoelec 
tric transducers may be used. Such transducers are 
known. A light source projects light to a photo cell; a 
disk is interposed in the path of light between source 
and cell, the disk having transparent and opaque re 
gions which alternate. Upon rotation of the disk, elec 
trical voltage pulses are generated in the photo cell. It 
is possible to apply a high number of marks on disks of 
reasonable sizes, for example 1,2000 opaque marks on 
the circumference of a disk customarily used in a 
photo-electric transducer, for example of about 10 — 15 
cm diameter. The accuracy of angular resolution can 
thus be increased by a factor of about 10 with respect 
to the resolution of an electromagnetic transducer. 
A disk, for use in a photo-electric transducer and 

function generator is illustrated in FIG. 7. The disk ro 
tates in the direction of the arrow about a shaft 53'. It 
is formed with three tracks 54, 55, 56. The path of light 
is directed transversely to the disk at the position 
shown by circles 57, 58, 59 which, conjointly, represent 
an optical light generating-receiving transducer system. 
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The arrangement of the markers on the disk will be 

explained with respect to an eight-cylinder engine. The 
first, or inner track 54, cooperating with the optical 
transducer system 57 functions as a reference pulse 
source and takes the position of the cam 37 and the 
switch 36 of FIG. 1. The second, or intermediate track 
55, together with photo transducer system 58 forms the 
speed pulse transducer system, and replaces system 10 
of FIG. 1. The third track 54, together with the third 
photo transducer system 59 forms the function genera 
tor, corresponding to generator 30 of FIG. 1. 
The third track 56 is formed with two series of mark 

ers which take the position of the teeth of the star 
wheel 31. Both series of markers extend over an angle 
somewhat greater than 90°,‘ and are angularly stretched 
with respect to the counting characteristics of FIG. 6 by 
a factor of two. The disk of FIG. 7 thus rotate at twice 
the speed of the engine. For this reason, the first track 
54 is formed with two reference markers, so that four 
reference pulses are provided to load counter 35. It 
provides four series of characteristic pulse sequences. 
Each crankshaft revolution provides four ignition 
pulses, as is required in an eight-cylinder engine. The 
two series of characteristic markers of the third track 
57 may, of course, be distributed only about an angle 
of about 40° to 45°, the disk then being driven directly 
from the crankshaft. Other transmission ratios, and an 
gular distribution ranges of the disk may likewise be 
used. The desired angular resolution available with 
disks of predetermined size, and the number of cylin 
ders of the engine have to be considered. 
The crankshaft positions are indicated in FIG. 7 

where OT indicates the respective UDC positions, and 
the horizontal axis is representative of the 45° position 
with respect to UDC position. 

Operation: Upon rotation, a reference pulse is pro 
vided by the first reference track 54 at an angular 
crankshaft position of 45° in advance of UDC position. 
This reference pulse provides for loading of the func 
tion pulse counter 35 (FIG. 1) with the initial state or 
initial count number Z02. At an angular position of 
about 43° in advance of UDC position, the markers of 
the third track will pass before the transducer system 
59 to provide counting pulses for the function pulse 
down counter 35. The distance between markers fol 
lows the same functional relationship as the distance of 
the teeth on star wheel 31. The markers continue be 
yond the upper dead center position. Such delayed ig 
nition can be used at cold starting. At very low temper 
atures of the engine block, NTC resistor 47 (FIG. 1) 
may have such a high value that threshold switch 45, 
which is a simple Schmitt trigger, changes over and 
thus changes the binary number Zb entered at the ad 
dress input 44 of the start number store 42. The start 
number store 42 then provides a binary number which 
is substantially higher than Z02. The entire counting 
curve of FIG. 6 is shifted upwardly, resulting in a shift 
ing of the ignition angle, regardless of speed, in the di 
rection of spark retard. The shift of the characteristic 
curve of FIG. 6 may be so great that ignition angles az 
may arise which are after the UDC position. The mark 
ers of the third track 56 are, therefore, continued be 
yond the UDC position. 

In some special cases, it is desirable to shift the igni 
tion in the direction of spark retard during starting. The 
starter switch 48, connected to a starter line, is thus fur 
ther connected to an address input 43 of the start num 
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ber store ROM-1 41. When the starter switch 48 is 
closed, the address input 43 will have an initial binary 
number Za applied thereto of such magnitude that the 
initial state Z01 of the cyclical, or instantaneous engine 
speed counter 27 is shifted to a lower value. This re 
sults, necessarily, in a lower counter state Z1 to Z4 (see 
FIGS. 4 and 5). This lower ?nal counter state of the 
counter 27, which is- then transferred to storage 
counter 28 is reached only later by counter 35, count 
ing in accordance with the characteristics of FIG. 6. 
Thus, again, the angle of ignition is shifted towards re 
tardation — as desired. Similarly, switch 49, controlled 
from an exhaust composition sensor and inserted into 
an exhaust composition control line, may open, or 
close, to change the angle of ignition, as desired, in the 
direction of retardation, or spark advance. It is also 
possible to shift the angle of ignition in dependence on 
exhaust composition in steps, by utilizing a plurality of 
lines and switches corresponding to the switch 49 and 
the single exhaust composition control line, to set vari 
ous initial numbers into the start number store 41. Ref 
erence is made to U.S. Patent application Ser. No. 
267,562, filed May 6, 1972, assigned to the assignee of 
the present invention, with respect to the effect of 
changing ignition timing on exhaust gas composition. 
Electrically evaluating exhaust gas composition and de 
riving control signals therefrom is described, for exam 
ple, in U.S. Pat. No. 3,782,347, assigned to the assignee 
of the present application. 
Various other changes and modifications may be 

made. For example, oscillator 26 may be constructed 
to have a fixed output frequency; loading on the engine 
is then sensed by selectively closing switches connected 
to suitable addressing control lines connected to the re 
spective addressing inputs 43 or 44 of the start number 
storage memories 41, 42. Inlet manifold pressure then 
directly influences the binary numbers Za and Zb, re 
spectively, which control the initial count state of 
counters 27 and 35, respectively. The total require 
ment of circuit components is somewhat less than when 
using an oscillator 26 with variable frequency; vacuum 
in the inlet. manifold cannot, however, then be mea 
sured continuously but only in steps and some truncat 
ing error will result, depending upon the ?neness of the 
steps with which the initial count numbers can be con 
trolled. Rather than measuring the vacuum of the inlet 
manifold, flow of air to the engine, or flow of a fuel-air 
mixture to the engine may also be measured, for exam 
ple by a suitable air flow meter in the inlet manifold, 
such as a deflectable flap, disk, or the like which 
changes a slider position of a potentiometer, or contact 
positions of connecting lines respectively addressing 
the start number stores 41, 42. 
The frequency of oscillator 26, in the example of 

FIG. 1, may be placed in the order of about 100 kHz; 
it may shift, for example, between 80 to 120 kHz. The 
angular distance of the markers on the disk in accor 
dance with FIG. 7 on the track 55, providing the cy 
cling time (or instantaneous speed) marks is preferably 
so selected that the oscillator 26 provides about as 
many pulses, at center frequency, in the time between 
the occurrence of markers as there are, on the average, 
markers on the outer track 56. In the example of FIG. 
7, the second track 55 has 16 markers. The disk, oper- 6 
ating at twice the crankshaft rotation, will then provide 
pulses from track 55 spaced about 3 ms apart, assuming 
an idling speed of 600 rpm; at a maximum engine speed 
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of 6,000 rpm, the time will be 0.3 ms. At an oscillator 
frequency of 100 kHz, counter 27 will count the time 
gaps, or elapsed time periods between markers to 300 
pulses at no-load speed, and will count 30 pulses at 
maximum speed. The initial count state Z01 of the 
counter 27 thus must be somewhat over 300. A series 
of characteristic markers on the third, or outer track 56 
must then also have about 300 markers. This is readily 
obtainable with photoelectric transducers of the 
scanned disk type. 
A frequency divider may be connected to oscillator 

26 if a smaller number of markers are used for the track 
of the function generator, or a larger number of mark 
ers may be used on the track 55. 
The wave-shaping circuit 14 of FIG. 1 is shown, sche 

matically, as an example. Various different types of cir 
cuits may be used, for example it is possible to so con 
struct a circuit that the output pulses of coil 13, or of 
photo cell 58, respectively, are directly converted into 
square wave pulses, and the pulses are then ?tted, as 
well known, in two different time slots. In any event, 
the counting state of the counter 27 should be trans 
ferred to the storage counter 28 before a new initial 
number is loaded into counter 27 — preferably just in 
advance of a fixed time effecting such loading. 
The circuit, as described, solves the problem initially 

mentioned. Integrated circuits are used exclusively, op 
erating digitally, so that no speci?c matching of analog 
circuits to speci?c engines is necessary. No effects of 
aging of components will change the operating charac 
teristics. A particular advantage of the circuit of the 
present invention is that it permits consideration of fur 
ther operating or ambient parameters to determine the 
exact ignition angle, by modifying either the counting 
frequency of the counter 27 (by variation of the fre 
quency of the oscillator 26), by changing the initial 
counting state of counter 27, or by changing the initial 
counting state of the counter 35, that is, three different 
ways can be used to consider such additional parame 
ters when controlling the ignition instant. 
The invention has been described with respect to 

triggering of an ignition event. The same circuit may 
also be used to control the injection time, or injection 
instant in fuel injection systems, or to control the open 
ing time and closing time of electro-hydraulically con 
trolled inlet and outlet valves. The function generating 
markers on track 56 of the disk of FIG. 7, or the teeth 
on star-wheel 31 (FIG. 1 ), respectively, may be suitably 
distributed to provide suitable functions to compensate 
for different characteristics of the desired control 
event, with respect to a predetermined position of a 
movable element of the engine, for example a speci?c 
angular position of the crankshaft of the engine. 

I claim: 
1. Digital system to provide a trigger signal to trigger 

an operating event in an operated device at a time sub 
sequent to a datum instant, which time depends on op 
erating conditions of the device, 

characterized by 
a. ?rst transducer means (10) coupled to the device 
and providing a sequence of first pulses representa 
tive of an operating condition thereof; 

?rst counter means (27, 28) having said ?rst pulses 
applied thereto, determining the time gap between 
pulses, and providing a representation of said time 
gap in form of a digital number; 
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b. a function generator (30) providing a second se 
quence of second pulses, having a time distribution 
which is representative of the function of variation 
of an operating condition with respect to the oper 
ating condition of said device subsequent to opera 
tion with respect to said datum; 

second counter means (35) providing a representa 
tion of the number of second pulses, derived from 
said function generator, in the form of a second 
digital number, arising subsequent to said datum; 

c. a digital comparator (39) connected to and com 
paring the numbers in both said first counter means 
(27, 28) and said second counter means (35) and 
providing said trigger signal upon determination of 
equality of said first and second digital number; 

d. a start number storage means (41) connected to at 
least one of said counter means (27, 28; 35), and 
providing a predetermined start number to the re 
spective counter means representative of an oper 
ating condition of the device; and 

e. means (36, 37) coupled to said operated device, 
providing a datum reference pulse, and providing 
said pulse at a predetermined operating position of 
an operating element of said device to form said 
datum, the load input terminal (a) of said second 
counter means (35) being controlled by the datum 
reference pulse from said reference pulse source 
means. 

2. System according to claim 1, wherein said first 
counter means comprises 

a first counter (27) and a storage counter (28), the 
storage counter storing the digital number repre 
sentative of said time gap, said storage counter 
being connected to said digital comparator for 
comparison of said first digital number with the 
second digital number in the second counter (35). 

3. System according to claim 1, further comprising a 
count pulse generator means (26) generating a se 
quence of count pulses having a pulse repetition rate 
(PRR) which is high with respect to the PRR of the se 
quence of first pulses, said sequence of count pulses 
being applied to said ?rst counter means to determine 
the binary number stored in said ?rst counter means 
between successive first pulses applied to said first 
counter means (27, 28). 

4. System according to claim 3, further comprising 
means (20, 21) sensing an operating condition of the 
device, said sensing means being connected to and con 
trolling the PRR of the count pulse generating means 
(26) so that the binary number stored in the first 
counter means will be a function of (a) the time gap be 
tween successive pulses and (b) sensed operating con 
ditions of the device. 

5. System according to claim 1, wherein the start 
number storage means comprises at least one start 

number store (41, 42) having means (43, 44) control 
ling entry of a number therein; 

said at least one start number store being connected 
to, respectively, at least one of said first and second 
counter means (27, 28; 35) to provide an initial 
number to the respective first and second counter 
means for algebraic combination with the number 
being entered into said respective ?rst or second 
counter means. 

6. System according to claim 5, further comprising 
second transducer means (45, 46, 47) sensing a condi~ 
tion of operation of said device, connected to said start 
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number store to enter a start number to said start num 

ber store representative of a condition of operation of 
said device. 

7. System according to claim 1, wherein said device 
is a mechanical apparatus having movable elements in 
cluding a rotatable shaft (38) rotating in synchronism 
with movement of said elements, and comprising 
means (36, 37; 54, 57) responsive to a predetermined 
angular position of said shaft (38) and providing a 
datum signal, said predetermined angular position 
forming said datum, said datum signal being connected 
to said second counter means (35) to enable the sec 
ond counter means to counter pulses derived from said 
function generator (30) upon receipt of said datum sig 
nal. 

8. System according to claim 1, wherein said device 
is a movable apparatus having a movable element, and 
wherein the ?rst transducer means is coupled to said 
movable element and provides a sequence of pulses 
representative of change in position of said movable el 
ement so that the elapsed time between successive 
pulses will be a measure of the speed of movement of 
said element from a first position to a next subsequent 
position. 

9. System according to claim 1, wherein the device 
is a mechanical apparatus having a rotatable shaft (38), 
said ?rst transducer means (10) is a speed pulse trans 
ducer providing speed signal pulses and said function 
generator (30) provides a sequence of pulses represen 
tative of angular position of the shaft (38) in accor 
dance with a function having a non-linear relationship 
of accumulated pulse count with respect to angular po 
sition, said system comprising a disk rotating in syn 
chronism with said shaft having a first circumferential 
track (55) carrying marks thereon uniformly spaced 
about the circumference to provide the speed signal 
pulses, a second circumferential track (56) having 
markers thereon located above the circumference 
thereof and starting from a position corresponding to 
said datum,‘ said markers of said second circumferential 
track being distributed about the circumference of the 
disk in accordance with said non-linear function; 
and stationary reading means (58, 59) responsive to 

said markers and providing a pulse upon passage of 
a marker before the reading means, said markers 
on the disk, and said reading means forming, re 
spectively, said transducer and said function gener 
ator means. 

10. System according to claim 2, wherein the start 
number storage means (41) has an initial number 
stored therein representative of an operating condition 
of the device which has a persistence time which is long 
with respect to recurrence rate of said pulses; 

the ?rst pulse controlling tranfer of the count in the 
first counter (27) to said storage counter (28) and, 
immediately thereafter, transferring the count from 
said start number storage means (41) into said first 
counter (27). 

11. System according to claim 10, wherein the start 
number storage counter (41) comprises a read-only 
memory (ROM) (41); 
and means (48, 49) applying a digital number to said 
ROM, the value of which is controlled by condi 

' tions of operation of said device. 
12. System according to claim 1, further comprising 

a count pulse oscillator (26) coupled to the device and 
generating a sequence of count pulses representative of 
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an operating condition of said device other than that 
sensed by said first transducer means (10), connected 
to the counting input (2) of said first counter means 

(27, 28). 
13. System according to claim 12, wherein the oscil 

lation frequency of said oscillator is variable and high 
with respect to said sequence of ?rst pulses, 

14. System according to claim 12, wherein the oscil 
lator (26) is an L/C oscillator having a tank circuit (24, 
25) including a variable inductance (24) having a mov 
able core (23), said device comprises an internal com 
bustion engine, and the position of said core is variable 
in accordance with vacuum in the induction system of 
the engine. 

15. System according to claim 14, wherein the core 
has a conical shape. 

16. System according to claim 1, wherein the start 
number storage means (42) comprises a read-only 
memory (ROM), and means (46, 47; 45) introducing 
a start number to said ROM and having a binary value 
representative of an operating condition of said device. 

17. System according to claim 1, wherein at least one 
of said counter means (27; 35) comprises a down 
counter. 

18. System according to claim 5, wherein said device 
comprises an internal combustion engine; 
a threshold switch (45) is provided, the switching 

state of said threshold switch being determined by 
the temperature of said internal combustion en 
gine, said threshold switch being connected to at 
least one of said start number storage means to pro 
vide an initial number to the respective storage 
means, the value of which depends on the tempera 
ture of the engine. 

19. System according to claim 1, wherein said device 
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comprises a rotating engine, said transducer means‘ 
(10) and said function generator (30) comprising elec 
tromagnetic transducers including, each, a star wheel 
(11, 31) having ferromagnetic teeth, and magnetic 
pick-up means (13, 33) respectively, magnetically cou 
pled to respective star wheels; 

the tooth distribution of the star wheel of the trans 
ducer being uniform about its circumference, and 
the tooth distribution of the function generator 
being non-linearly distributed about the circumfer 
ence thereof, in accordance with said function. 

20. System according to claim 1, wherein said device 
is an internal combustion engine, a reference pulse 
source (36, 37) is provided comprising a switch (36), 
opened and closed, periodically, in synchronism with 
rotation of said engine. 

21. System according to claim 1, wherein said device 
comprises a rotating internal combustion engine, and 
means are provided to generate a reference pulse at a 
predetermined angular position of the crankshaft of the 
internal combustion engine; 
wherein said ?rst transducer means, said function 
generator, and ‘said reference pulse generating 
means comprises photoelectric transducer means 
including a disk having alternatingly occuring 
opaque and transparent zones, and photoelectric 
means sensing the presence of said respective 
zones. 

22. System according to claim 21, wherein said disk 
comprises three concentric tracks (54, 55, 56) having 
opaque markers thereon; 
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three photoelectric transducer means (57, 58, 59) 

one, each, associated with said tracks, and reading 
said markers and forming said transducer means, 
said function generator means and said reference 
pulse generator means, respectively. 

23. Ignition pulse control system for an internal com 
bustion engine comprising the digital system as claimed 
in claim 1, wherein said internal combustion engine 
forms said device and said trigger signal provides the 
ignition control signal therefor; 

said first transducer means (10) provides a sequence 
of pulses representative of time gap between uni 
form, predetermined angular displacement of the 
crankshaft of the engine; 

said first counter means (27, 28) comprises a first 
counter (27) and a storage counter (28); 

count pulse generator means (26) are provided cou 
pled to the engine, and providing count pulses at a 
repetition rate which is representative of engine 
loading, which rate is high with respect to the re 
currence rate of said first pulses; 

the count pulse generator means (26) being con 
nected to said first counter (27), said first counter 
(27) counting a countable number of count pulses 
in the gaps, or intervals between recurrence of said 
first pulses, the number of count pulses counted 
during said gaps being a function of 
a. the pulse repetition rate of said count pulses as 
generated by said count pulse generator means 
(26) and 

b. the duration of said gaps, or elapsed time be 
tween said ?rst pulses, 

said function generator (30), providing said second 
sequence of second pulses being coupled to the 
crankshaft of the engine and providing said second 
sequence of pulses at a nonuniform recurrence 
rate, in dependence on angular position of the 
crankshaft of the engine, with respect to upper 
dead center position of the crankshaft; 

said ?rst pulses transferring a counted number in said 
first counter (27) to said storage counter (28), and 
said digital comparator (30) comparing the stored 
number in said storage counter (28) with the 
counted number in said second counter means 
(35) and providing an ignition trigger pulse upon 
sensed coincidence of said numbers. 

whereby the comparator will compare a first digital 
number representative of a composite of engine 
speed and loading with a second digital number 
representative of a function of crankshaft position, 
forming a composite of ignition timing with respect 
to upper dead center crankshaft position. 

24. System according to claim 23, further comprising 
at least one start number storage means (41, 42) having 
input terminals (43, 44), respectively, to set a predeter 
mined number into said start number storage means; 
and means (45, 46, 47; 48; 49) sensing a condition 
of operation of the engine, connected to a respec 
tive input terminal of said at least one start number 
storage means to enter a start number therein rep 

resentative of a condition of operation of said en 
gine. 

25. Digital system to provide a trigger signal to trig 
ger an operating event in an operated device at a time 
subsequent to a datum instant, which time depends on 
operating conditions of the device, 
characterized by 

I. - I M, J 
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a. first transducer means (10) coupled to the device 
and providing a sequence of first pulses representa 
tive of an operating condition thereof; 

first counter means (27, 28) having said first pulses 
applied thereto, determining the time gap between 
pulses, and providing a representation of said time 
gap in form of a digital number; 

b, a function generator (30) providing a second se 
quence of second pulses, having a time distribution 
which is representative of the function of variation 
of an operating condition with respect to the oper 
ating condition of said device subsequent to opera 
tion with respect to said datum; 

second counter means (35) providing a representa 
tion of the number of second pulses, derived from 
said function generator, in the form of a second 
digital number, arising subsequent to said datum; 

c. a digital comparator (39) connected to and com 
paring the numbers in both said first counter means 
(27, 28) and said second counter means (35) and 
providing said trigger signal upon determination of 
equality of said ?rst and second digital numbers; 

d. and a count pulse oscillator (26) coupled to said 
operated device and generating a sequence of 
count pulses at a repetition rate which is represen 
tative of an operating condition of said device, and 
at a rate which is high with respect to the recur 
rence rate of said first pulses, the count pulse oscil 
lator (26) being connected to the counting input 
(2) of said first counter means (27, 28); 

whereby the comparator (39) will compare a digital 
number representative of a composite of the oper 
ating conditions sensed by the first transducer 
means and the count pulse oscillator, with a digital 
number representative of a function of a variation 
of an operating condition of said device subsequent 
to operation of said device with respect to said da 
turn. 

26. Internal combustion engine in ignition trigger 
pulse control system to provide a trigger signal to initi 
ate ignition, comprising 

first transducer means (10) coupled to the crankshaft 
of the engine and providing a sequence of first 
pulses representative of speed of engine operation; 

a count pulse generator (26) coupled to the engine 
and providing count pulses at a repetition rate 
which is representative of engine loading; 
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?rst counter means having said first pulses represen 

tative of engine speed and said count pulses repre 
sentative of engine loading applied thereto and 
counting a digital number, the value of which is 
representative of engine speed at a certain load; 

datum signal generating means (36) providing a sig 
nal representative of a predetermined angular 
datum crankshaft position in advance of upper 
dead center position of a piston of the engine; 

a function generator (30) providing a second se 
quence of second pulses having a time distribution 
which is representative of the function of variation 
of ignition timing with respect to instantaneous an 
gular crankshaft position of the engine with respect 
to said datum; 

second counter means (35) providing a digital count 
number representative of the number of second 
pulses, derived from said function generator, sub 
sequent to the engine crankshaft passing said 
datum angular position; 

and a digital comparator (39) connected to and com 
paring the number in both said ?rst counter means 
(27, 28) representative of a composite of engine 
speed and engine loading with the number in said 
second counter means (35) representative of the 
function of ignition timing with respect to instanta 
neous angular crankshaft position, and providing 
said trigger signal upon determination of a prede 
termined relationship of said first and second digi 
tal numbers. 

27. System according to claim 26, further comprising 
means (46, 47; 48, 49) sensing operating conditions of 
the engine which have a persistence time which is long 
with respect to the recurrence time of said ?rst and sec 
ond pulses; 

start number storage means (41, 42) connected to 
said long-time condition sensing means and con 
trolled thereby, the output of said start number 
storage means (41, 42) being connected to at least 
one of said counter means (27, 28; 35) to provide 
a predetermined start number to the respective 
counter means, 

to modify the count in said counter means, for com 
parison in said comparator (39) in accordance with 
engine operating conditions independent'of instan 
taneous angular crankshaft position of the engine. 

* * * * * 


