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ELECTRONIC SYSTEM TO CONTROL OPERATOR 
CIRCUITS AS A FUNCTION OF SPEED OF 

MACHINE ROTATING MEMBER 

This invention relates to an electronic apparatus for 
controlling operating circuits according to the revolv 
ing speed of a member associated with a machine, this 
member rotating at a varying speed as the operating 
speed of the machine varies. 

It is a general object of the invention to provide an 
apparatus of the above character and capable of ener 
gizing special operating circuits or devices, forming or 
not forming a part of the machine, only when the rotat 
ing member reaches a predetermined r.p.m. 

It is a speci?c object of the invention to provide an 
apparatus for controlling the ignition in motor-vehicle 
engines, capable of operating as a limiting device for 
the engine r.p.m. and/or as advance switch. 
A further object of the invention is to provide an ap 

paratus for detecting the speed of the rotating member. 
According to the invention, the above, as well as 

other objects are accomplished by an apparatus com 
prising in combination: means for sensing the revolving 
speed, cooperating with the rotating member and ei 
ther directly or through wave forming means capable 
of providing square wave signals at a constant average 
value and variable frequency as the speed of said mem 
ber varies; a converter for receiving said constant aver~ 
age value signals and converting such signals to square 
wave signals of the same frequency, but variable aver 
age value; an integrator for receiving said average value 
signals of a variable nature and converting such signals 
to a continuous signal linearly varying according to fre 
quency; comparing means for comparing said variable 
continuous signal with one or more reference signals 
(threshold signals) corresponding to speci?c r.p.m. of 
the machine (or of the rotating member) and providing 
control signals as soon as the variable signal exceeds 
said reference signals; control or actuating means for 
acting on the operating circuits, and forming or not 
forming a part of the machine, when energized by the 
control signals of said comparing means; and in such 
case, means for detecting the speed of the rotating 
member, which means is connected to the output from 
the integrator. 

In the application of the apparatus to motor-vehicles, 
the square wave signals from the sensing means, either 
directly or through the wave forming means, are pro 
vided both to the converter and to the ignition control 
circuit, and the comparator is preset to become effec 
tive at the maximum or predetermined r.p.m. of the en 
gine depending on the apparatus to operate as an r.p.m. 
limiting device, or as an advance switch. 

In order to overcome the disadvantages due to igni 
tion disturbing signals or battery voltage changes, the 
apparatus could be also provided with antidisturbing 
and supply voltage smoothing circuits. 
Further features and advantages of the invention will 

become more apparent from the following description 
in connection with the accompanying drawings, in 
which: 

FIG. I is a general block diagram for the electronic 
apparatus using an electronic pulser; 
FIG. 2 is a block diagram for the apparatus when 

used as a limiting device for r.p.m. of an internal com~ 

bustion engine in motor-vehicles; 
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2 
FIG. 3 is a block diagram for the apparatus when 

used both as a limiting device for r.p.m. and as advance 
switch of an internal combustion engine in motor— 

vehicles; 
FIG. 4 is a modi?ed embodiment of the block dia 

gram shown in FIG. 3; and 
FIG. 5 is an embodiment of the block diagram shown 

in FIG. 2. 
Referring to FIG. 1, it will seen that the apparatus 

therein schematically shown comprises; a rotating 
member R associated with a machine, not shown, the 
r.p.m. of which varies as the r.p.m. of the machine va 
n'es; a revolving speed sensor 1 coupled to said member 
R and capable of providing, as the latter rotates, pulses 
of which the frequency varies as the speed of said mem 
ber R varies; a wave forming ampli?er 2, hereinafter 
simply referred to as wave forming means, which is 
coupled to the sensor and capable of converting the 
pulse signals from sensor 1 to constant average value 
square wave signals of the same frequency; a converter 
3 for converting the signals from said wave forming 
means 2 to square wave signals of a varying average 
value, but of the same frequency; an integrator 4 sup 
plied by the signals from converter 3 and providing a 
continuous signal varying linearly with the frequency, 
so that at its output 5 a continuous signal is available, 
the level of this signal varying as the r.p.m. of the rotat~ 
ing member I or the machine varies; comparators 6, 
6a, 6b, etc. connected to the integrator, each being ca 
pable of comparing the signal at output 5 with a proper 
predetermined reference or threshold signal corre 
sponding to'a given r.p.m. of said member R, so that 
one or more comparators are concurrently energized 
when the level of signal at output 5 is the same as or ex 
ceeds that of the reference signals; and control or actu 
ating devices 7, 7a, 7b, etc. connected to the compara 
tors and being effective on given operating circuits, 
when energized by said comparators, there being also 
provided a device 18 for using the signal at output 5 for 
different purposes. 
The term “machine” as herein used is to mean any 

machine, motor or engine, device, etc., the r.p.m. of 
which can be represented by a rotating member. 
The term comparator “energization” is intended 

herein to mean the operating condition, whereby a sig 
nal is available at its output suf?cient to energize the 
corresponding control or actuating device or devices. 
The operation of these devices on the operating cir 

cuits, which may or not be a part of the machine, can 
be effected in different ways, such as by energization, 
de-energization or switching of circuits. 

In FIGS. 2-5, relating to the application of the appa 
ratus to a motor-vehicle for engine ignition control, the 
corresponding parts are designated by the same refer 
ence characters, but followed by a prime ('). 

In such an application (see FIG. 2), the rotating 
member may comprise a gear wheel (phonic wheel) R’, 
driven by the engine shaft or by the camshaft and the 
revolving speed sensor coupled thereto by a magnetic 
pick~up 1'. As readily understood, the assembly of the 
gear wheel R’, pick-up 1' and wave forming means 2’ 
comprises an electronic contact breaker. 
Moreover, to overcome the disadvantages due to dis 

turbing signals and motor-vehicle battery voltage 
changes, the apparatus can be completed with the addi 
tion of an antidisturbing attenuator 8, as connected be 
tween said wave forming means 2' and converter 3, and 
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a voltage regulator 9 for said converter and compara 
tors. ' ‘ v 

In order to control the engine ignition, in addition to 
its normal output 10 said wave forming means 2’ also 
has a second output 11 supplying the square wave sig 
nal to the ignition control circuit 12. 

In FIG. 2, particularly relating to the use of the appa 
ratus as a r.p.m. limiting device, the output 11 is di 
rectly connected to the circuit 12 by means ‘of a line 13. 
Furthermore, the comparator 6 is set with a reference 
signal (or threshold signal) corresponding to the prede 
termined maximum r.p.m. of the engine, and the con 
trol device 7, which can comprise an electronic switch, 
is effective on circuit12. 
As the engine, and hence the wheel R’, speed in 

creases, and when the signal at output 5 is equal to or 
exceeds the reference signal of the comparator 6, the 
latter ‘is energized, and as a result the device 7 is ener 
gized for cutting off, or otherwise rendering inoperative 
the control signal of circuit 12 from said second outpu 
11. As the ignition is cut off, the engine rpm. is re 
duced and when the signal at output 5 drops to a value 
below the reference value of the comparator 6, the lat 
ter returns to its inoperative or rest condition, the de 
vice 7 is de-energized and, as a result, the connection 
between the output 11 of the forming wave means 2’ 
and the ignition control circuit 12 is reestablished. 

In FIG. 3, relating to the use of the apparatus also as 
an advance switch, in addition to the components 
shown in FIG. 2, provision is also made for a second 
sensor 1" which is out of phase by an angle 6 relative 
to sensor 1', a second wave forming means 14, similar 
to said wave forming means 2’, but provided with a sin 
gle output 15,'whereat the square wave signal is also 
present, a second comparator 6a also stabilized by said 
voltage regulator 9, and a second control device or ac 
tuator 7a, controlled by comparator 6a and connected 
in the supply line of circuit 12. Comparator 6a is set by 
a reference signal corresponding to the engine attained 
r.p.m., whereby the advance must be switched, and the 
device 7a comprises an electronic switch, as schemati 
cally shown. 

In the drawing; the switch is a two-way type of switch, 
having a ?rst position for connecting the line 13 from 
output 11 to the control circuit 12, and a second posi 
tion, controlled by the energization of comparator 6a, 
for connecting the line 16 from output 5 to said control 
circuit 12. 

In the case of further advances, it is apparent that the 
apparatus may comprise further sensors, wave forming 
means and comparators, and the electronic switch will 
be of a suitable design to effect the further connections, 
when energized by the associated comparator set for 
the reference signal corresponding to the given engine 
r.p.m., of which the further advance is desired. 
According to the modi?ed embodiment of FIG. 4, 

showing a simpli?ed form of the apparatus of FIG. 3, 
the advance switching is provided in a much more eco 
nomical manner by using for all of the required ad 
vances the same and single wave forming means 2’, al 
ready provided for the general operation of the appara 
tus. On the contrary, there are still required a proper 
sensor and comparator and a suitable electronic switch 
for each of the further advances. I 
The removal of the further wave forming means can 

be provided by an advance switching device positioned 
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4 
downstream rather than upstream of the wave forming 
means 2'. 

Thus, referring to FIG. 4, it will be seen that switch 
7a, still controlled by comparator 6a, provides for 
switching said sensors 1' and 1” on the input to the 
wave forming means 2', whereas the output 11 of the 
latter is directly connected to circuit 12, as in the case 
of FIG. 2. 
When a second advance is desired, there will be re 

quired a third sensor, and a third comparator, as well 
as a suitable switch also controlled by the third compar 
ator. 
Of course, the apparatus of FIG. 3 and FIG. 4 

could be simply used as advance switches, in this 
case dispensing with the comparator 6 and device 7 
functioning to limit the engine r.p.m. 

Still referring to the application to motor-vehicles, 
the apparatus could also be provided for cutting off at 
high engine rates, the operation of other devices, such 
as the exhaust gas post—combustion pump. For such a 
cut off, a control device could be effective, such as con 
trol device 7b (see FIG. 1) controlled by a comparator, 
such as 6b, which is set to operate as soon as the engine 
reaches the predetermined rpm, to which such an en 
gine device as the pump is to be cut off. 

Finally, the apparatus provides for detection of en 
gine speed. To this end, it will suffice to connect an 
electronic tachometer to the integrator output 5, as 
shown for device 18 (see FIG. 1). 
The circuit shown in FIG. 5 will now be described. 
The wave forming means 2', also operating as an am 

pli?er, comprises two transistors 21 and 22. The base 
of the output transistor 21 is connected through a de 
coupling diode 23 to sensor 1 ', and its collector is con 
nected through a resistor 24 to the base of the ?nal 
transistor 22 and the antidisturbing attenuator circuit 
8. The collector 11 of transistor 22 is connected both 
to the base of transistor 21 by means of a reactive resis 
tor 25 and to the ignition control circuit 12 by means 
of the line 13. The diode 26 and resistor 27 function to 
shield and bias the base of transistor 21, respectively. 
The resistors 28 and 29 are the load resistors for tran 

sistors 21 and 22, respectively, and additionally said re 
sistor 28, is connected to battery 8+, and functions to 
bias the base of transistor 22. For the purpose of under 
standing the operation of transistor 22, the load resistor 
29 (see the dashed lines) has been shown as connected 
in the circuit of the wave forming means 2', but as a 
matter of fact said resistor is a part of the ignition con 
trol circuit 12. 
During the rotation of member R’, at the outputs 10 

and 11 of the transistors 21 and 22 respectively there 
will appear square wave signals of a constant average 
value but of a frequency varying as the speed of mem 
ber R' varies. 
The antidisturbing attenuator 8 comprises the volt 

age divider 81 — 82 on the collector output 83 of tran 
sistor 84 and the disturbance suppressor comprising a 
capacitor 85 acting as a ?lter, and a Zener diode 86. 
The divider output 87, to which said suppressor is con 
nected, is connected by means of a resistor 88 to the 
converter 3. 
The base of transistor 84, which is connected by with 

resistor 24 with to the output 10 of transistor 21, func 
tions to amplify the signal on the collector of transistor 
21 and to repeat the signal available at the output 11 
of transistor 22. 
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Its collector 83 is connected through a load resistor 
89 to battern B+. ~ 

The converter 3, having the square wave signal of a 
constant average value from the disturbance suppres 
sor applied thereto, is provided with a monostable mul 
tivibrator comprising two transistors 31 and 32 having 
their collectors connected to battery B+ through the 
associated load resistors 33, 34 and the voltage regula 
tor 9, and coupled by means of a regenerative RC net 
work and a dual coupling network. 
Said regenerative RC network comprises a capacitor 

35 and a variable resistor 36, and the dual coupling 
(emitter-collector reaction) is provided by means of 
resistors 37 and 38. 
Variable resistor 36 varies the duration of the pulses 

at output 39, such pulses being of square wave charac 
ter, but the average value of which varies as the r.p.m. 
of member R’ varies. The emitter collector reaction or 
feedback serves the purpose of increasing the reliability 
of the multivibrator against disturbance signals, partic 
ularly those due to ignition. 
The multivibrator output 39 is connected to the inte 

grator 4 comprising a resistor 41 and a capacitor 42 
forming an integrating cell. 
The comparator 6 is provided by means of an opera 

tional ampli?er 61 of the open ring connected type. 
With its negative input, this ampli?er is connected 

through a resistor 62 to the common terminal of resis 
tive divider 63, 64, the latter negative input being sup— 
plied by battern B+ through the voltage divider 9, and 
the positive input being connected through a resistor 
65 to the output 5 of integrator 4, providing a continu 
ous signal, the level of which varies as the speed of the 
rotating member R’ varies. The divider 63, 64 estab 
lishes the ampli?er reference signal or threshold signal. 
When the apparatus operates as an r.p.m. limiting de 
vice, this signal will correspond to the predetermined 
maximum r.p.m. When this rate is attained, the opera 
tional ampli?er 61 will operate to energize the control 
device 7, being connected through a resistor 66 
thereto. 
The engine r.p.m., at which said operational ampli 

fier 61 is to be switched, can be adjusted by adjusting 
the variable resistor 36 of the multivibrator. Alterna 
tively, the adjustment could be accomplished by adjust 
ing the voltage divider 63, 64. 
The device 7, comprising the apparatus attenuator, is 

provided by means of an electronic switch including 
two cascade-connected transistors 71 and 72. The col 
lector of the input transistor 71 is connected through 
a load resistor 73 to battery B+, and the collector of the 
switch output transistor 72 is connected to the output 
from the ampli?er output transistor 22 of the wave 
forming means 2’. ' 

When, operational ampli?er 61 is energized, a con 
trol signal is supplied to transistor 71, causing transis 
tors 71 and 72 to become conductive, with the result 
that the output 11 of the wave forming means 2’ is to 
ground and the control signal to circuit 12 is cut off. 

Finally, the voltage regulator 9, supplying both the 
monostable multivibrator 3 and operational ampli?er 
61, comprises a current generator formed of diodes 91 
and 92 and transistor 93 having emitter and base resist 
ances 94 and 95, and a Zener diode 96 functioning to 
smooth down the voltage. 

In the preceding embodiment (see FIGS. 1 to 5), ref 
erence was made to an apparatus using an electronic 
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6 
pulser comprising a sensor and a wave forming means 
for always providing a speed signal to converter 3. 
However, it is apparent that the foregoing still applies 
if the pulser is of a mechanical type, such as a hammer 
breaker, mounted on the camshaft or engine shaft. 
Of course, in such a case the wave forming means is 

no more required, since it is the breaker itself, now co 
incident with the sensor, to provide the square wave 
signals, that is in the form advantageous for the subse 
quent processings in the apparatus and controlling the 
circuit 12 of FIGS. 2 and 4. 
By using a mechanical breaker, the apparatus of FIG. 

2 would not require the wave forming means or block 
2’, and the coincident points or outputs 10 and 11 
would be directly supplied by the breaker hammer, 
which can be shown at 1’. In this case, it is apparent 
that in order to have always a speed signal at the input 
to the attenuator 8 or converter 3, it would be required 
to connect a separator on line 13. This separator could 
also form part of circuit 12 and in a more advantageous 
embodiment it could comprise a circuit, such as a 
monostable multivibrator, already provided in circuit 
12 for other purposes. 

Similarly, for the advance switching operational 
mode, the block 2’ in the apparatus of FIG. 4 can be 
dispensed with and the coincident points 10 and 11 
would be supplied by hammer 1' or 1’ ’, depending on 
the position of switch 7a. 
What is claimed is: 
1. An electronic apparatus for controlling at least one 

operating circuit according to the revolving speed in 
r.p.m. of a rotating member coupled to a machine, said 
rotating member being rotated at a speed which varies 
as a rotational speed in r.p.m. of the machine varies, 
characterized by comprising in combination: pulsing 
means, cooperating with the rotating member, for pro 
viding square wave signals at ?rst and second outputs, 
said signals having a constant average value and a fre 
quency which varies as the revolving speed of said ro 
tating member varies; converter means for receiving , 
said signals from one of said ?rst and second outputs, 
which signals have a constant average value and con 
verting said signals to square wave signals having the 
same frequency, but variable average value; integrator 
means for receiving said signals having a variable aver 
age value from said converter and converting these sig 
nals to a continuous signal which varies linearly with 
the frequency of the converter output signal; at least 
one comparator means for comparing said variable 
continuous signal from said integrator with at least one 
reference (threshold) signal having a value equal to a 
signal from said integrator corresponding to a given 
r.p.m. of the machine (or given r.p.m. of the rotating 
member), each of said comparator means adapted to 
provide a control signal at an output thereof when the 
variable signal exceeds the reference signal associated 
with that comparator means; control means for acting 
on each of the operating circuits when energized by at 
least one of the control signal outputs of the compara 
tor means; said control means being adapted to short 
circuit the remaining of the ?rst and second outputs of 
said pulsing means coupled to one of said operating cir 
cuits. 

2. An apparatus as claimed in claim 1, characterized 
in that said pulsing means comprises electronic sensor 
means for sensing the revolving speed of the rotating 
member, to provide pulses of a frequency that vary 
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with the revolving speed of said member and electronic 
wave forming means for receiving and converting said 
pulses to square wave signals having a constant average 
value at the same frequency. 

3. An apparatus as claimed in claim 2, characterized 
in that said electronic wave forming means (2') com 
prise at least one input transistor and one ampli?er out 
put transistor connectd by means of a feedback net 
work, the outputs of which respectively supply the con 
trol signal to said converter and an ignition control cir 
cuit. 

4. An apparatus as claimed in claim 2, characterized 
in that said converter includes a monostable multivi 
brator comprising at least one input transistor and one 
output transistor, the emitter and collector being simul 
taneously coupled. 

5. An apparatus as claimed in claim 4, characterized 
in that the triggering of the operational ampli?er is var 
ied by providing an adjustable resistor in regenerative 
loop of the monostable multivibrator, whereby the ad 
justment thereof adjusts the triggering of the opera 
tional ampli?er. 

6. An apparatus as claimed in claim 2 characterized 
in that each comparator comprises an operational am 
pli?er having ?rst and second inputs, the ?rst input of 
which is connected to the integrator output, the second 
input of said operational ampli?er being connected to 
a voltage divider for setting the reference signal. 

7. An apparatus as claimed in claim 6, characterized 
in that the triggering of the operational ampli?er is var 
ied by adjusting the voltage divider. 

8. An apparatus as claimed in claim 2, characterized 
in that said control means comprises at least one input 
transistor coupled to said comparator means and one 
switch transistor coupled to said pilot transistor and the 
output of said pulsing means, the conducting condition 
of said switch output transistor occurring as soon as the 
operational ampli?er applies a control signal to the 
input transistor, to short circuit the output of the pul 
sing means. 

9. An apparatus as claimed in claim 2, characterized 
by comprising a voltage regulator for supplying the 
converter and comparators, and an antidisturbing at 
tenuator connected between the converter and the pul 
sing means. 

10. An apparatus as claimed in claim 9, characterized 
in that said anti-disturbing attenuator comprises an am 
pli?er transistor; and an anti-disturbance attenuator 
circuit comprising a voltage divider, a capacitor paral 
lel connected to a ?rst Zener diode, the cathode of 
which is connected to an intermediate point of the volt 
age divider, and the anode of which is grounded. 

1 1. An apparatus as claimed in claim 9, characterized 
in that said voltage regulator comprises; a DC. genera 
tor including atransistor, the base of which is biased by 
means of diodes, and a resistor; and, a Zener diode bi 
ased by said D.C. generator. 

12. An apparatus as claimed in claim 1, applied to a 
motor-vehicle as a limiting device to the engine r.p.m., 
characterized by comprising: a sensor cooperating with 
a member rotatably driven by the engine shaft or cam 
shaft; one operating circuit comprising an ignition con 
trol circuit; said pulsing means Comprising a wave 
forming means providing the square wave signal ap 
pearing at said ?rst and second outputs both to the con 
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verter and the ignition control circuit; the comparator 
reference signal having a value equal to a signal from 
said integrator corresponding to the predetermined 
maximum r.p.m. for the engine; said control means ren 
dering inoperative the signal supplied from the wave 
forming means to the ignition control circuit as soon as 
energized by the comparator. 

13. An apparatus as claimed in claim 1, characterized 
in that said pulsing means are of a mechanical type and 
comprise a hammer breaker associated with the rotat 
ing member, so as to provide at its output square wave 
signals having a constant average value and a frequency 
that varies as the revolving speed of said rotating mem 
ber varies. 

14. An apparatus as claimed in claim 1, applied to a 
motor-vehicle as a limiting device for the engine r.p.m., 
characterized by comprising: a breaker carried on the 
cam shaft and supplying the square wave signal both to 
the converter and ignition control circuit; a compara 
tor, the reference signal of which has a value equal to 
a signal from said integrator, which value corresponds 
to the predetermined maximum r.p.m.; control means 
for rendering inoperative the signal being supplied by 
the breaker to the ignition control circuit, as soon as 
energized by the comparator. 

15. Electronic speed limiting apparatus for limiting 
the operating speed of a machine having a rotating 
member whose speed varies as a rotational speed in 
r.p.m. of the machine varies, said apparatus compris 
ing: 
means for electromagnetically sensing the speed of 
the rotating member to generate an output signal 
representative of the r.p.m. of the rotating mem 
ber; 

pulsing means coupled to said sensing means for gen 
erating square pulses having a constant average 
value and a frequency which varies in accordance 
with the r.p.m. of the rotating member, said pulsing 
means comprising an input transistor and an output 
transistor for providing a ?rst square wave output 
of constant average value on the collector of said 
input transistor and a second square wave output 
of constant average value on the collector of said 
second transistor; 

converter means receiving said ?rst square wave out 
puts for converting the signal to square wave sig 
nals having an average value variable ,with fre 
quency (or engine r.p.m.); 

means for integrating the output of said converter 
means to thereby generate a variable DC. signal 
which varies linearly with the frequency of the out 
put signal of said converter means; 

means for providing a constant reference level corre 
sponding to a given r.p.m. of the machine; 

comparator means for comparing the output of said 
integrating means against said reference level for 
generating control signals when the magnitude of 
the integrating means output exceeds the reference 
level; and 

control means coupled to said comparator means for 
short-circuiting the remaining one of the pulsing 
means ?rst and second outputs in the presence of 
a control signal to prevent the output of the pulsing 
means from increasing the r.p.m. of the machine. 

* * * * * 


