EP 1 067 285 A1

Européisches Patentamt

(19) 0> European Patent Office

Office européen des brevets
(12)

(43) Date of publication:
10.01.2001 Bulletin 2001/02

(21) Application number: 00114487.2

(22) Date of filing: 06.07.2000

(11) EP 1 067 285 A1

EUROPEAN PATENT APPLICATION

(51) Int.cL.”:. FO2P 1/08, FO2P 3/08,
FO2P 11/04

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 09.07.1999 IT TO990597
(71) Applicant:

MAGNETI MARELLI S.p.A.
20145 Milano (IT)

(72) Inventors:
¢ Di Sciuva, Marco
10155 Torino (IT)
¢ Molinari, Davide
27100 Pavia (IT)
* Nepote, Sergio
10151 Torino (IT)

(74) Representative:
Quinterno, Giuseppe et al
c/o JACOBACCI & PERANI S.p.A.
Corso Regio Parco, 27
10152 Torino (IT)

(54)

(57)  The system is intended for a motor-vehicle hav-
ing an engine to which a magneto-flywheel generator
(3) is coupled and which is adapted to be rotated by
means of a pedal crank (2). The system (1) comprises:

- avoltage supply terminal (6) connected to the out-
put of the generator (3, 4) and to a storage battery
®).

- adc/dc voltage converter (9) having a supply input
(9a) connected to the terminal (6), and an enabling
input (9b),

- a capacitive-discharge ignition circuit (11, 12) the
input of which is connected to the output of the volt-
age converter (9) and the output of which is coupled
to a spark plug (SP),

- arotation sensor (14) associated with the generator
(3),

- anignition switch (15) connected to the terminal (6),

- aregulated direct-current voltage supply circuit (7)
the input of which is connected to the supply termi-
nal (6), and

- an electronic processing and control unit (ECU).

The voltage supply circuit (7) and the voltage con-
verter (9) are connected to the supply terminal (6) by
means of diodes (8, 10) and respective capacitors (C1,
C2) in a manner such that, when the engine is started
by means of the pedal crank (2), the energy supplied by
the generator (3) is sufficient to enable the voltage sup-
ply circuit (7) to supply the regulated voltage for a prede-
termined minimum period of time and to enable the

An ignition and starting system for a motor-vehicle

voltage converter (9) to store sufficient energy for the
striking of at least one ignition spark in the engine.

The processing and control unit (ECU) is arranged
to implement an emergency engine ignition and starting
procedure in which it enables the voltage converter (9)
to operate in order to charge the ignition capacitor (12)
and subsequently to strike a spark to start the engine.
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Description

[0001] The present invention relates to an ignition
and starting system for a motor vehicle having an inter-
nal combustion engine, to which a magneto-flywheel
electrical generator is coupled, and which is adapted to
be rotated by means of a starting pedal crank.

[0002] More specifically, the subject of the invention
is an ignition and starting system comprising:

- avoltage supply terminal connected to the output of
the generator and to a storage battery,

- a dc/dc voltage converter having a supply input
connected to the terminal, and an enabling input,

- a capacitive-discharge ignition circuit the input of
which is connected to the output of the voltage con-
verter and the output of which is coupled to a spark
plug of the engine,

- an electrical rotation sensor associated with the
generator,

- anignition switch connected to the supply terminal,

- aregulated direct-current voltage supply circuit the
input of which is connected to the supply terminal,
and

- an electronic processing and control unit with signal
inputs connected to the rotation sensor and to the
ignition switch, and a supply input connected to the
output of the voltage supply circuit, and with control
outputs coupled to the enabling input of the voltage
converter and to the ignition circuit.

[0003] In  motor-vehicles with single-cylinder
engines and with ignition and starting systems of the
type indicated above, during normal operation, the volt-
age for charging the ignition capacitor is generated by
the dc/dc voltage converter which receives the voltage
supplied by the storage battery.

[0004] In these motor vehicles, when there is no
charge or insufficient charge in the storage battery, the
normal starting electric motor cannot be used for start-
ing and moving off.

[0005] An object of the present invention is there-
fore to provide an ignition and starting system for a
motor vehicle of the type specified above which enables
starting to be brought about even when there is no
charge or insufficient charge in the storage battery, by
making use of the small amount of energy produced by
the magneto-flywheel generator during the starting of
the engine by means of the pedal crank.

[0006] This and other objects are achieved, accord-
ing to the invention, by an ignition and starting system
the main characteristics of which are defined in
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appended Claim 1.

[0007] Further characteristics and advantages of
the invention will become clear from the following
detailed description given purely by way of non-limiting
example with reference to the appended drawings, in
which:

Figure 1 is a diagram, partially in block form, of an
ignition and starting system according to the inven-
tion, and

Figures 2 and 3 are flow charts which show two dif-
ferent modes of operation implemented by the sys-
tem according to the invention for starting when
there is no charge or insufficient charge in the stor-
age battery.

[0008] Figure 1 shows an ignition and starting sys-
tem, generally indicated 1, for a motor vehicle having a
single-cylinder internal combustion engine (not shown)
which is adapted to be rotated by means of a starting
pedal crank 2. A magneto-flywheel electrical generator
3 of known type is coupled for rotation with the engine of
the motor vehicle. In the embodiment shown, this gener-
ator is of the three-phase type and a rectifier and volt-
age regulator circuit 4, also of known type, is connected
to its output terminals.

[0009] In the configuration shown, in operation, the
output terminal 4a of the voltage regulator 4 is at a pos-
itive potential relative to an earth conductor GND. This
terminal is connected to the positive terminal of the stor-
age battery 5 of the motor vehicle, the negative terminal
of which is connected to the earth GND.

[0010] The ignition and starting system 1 has a volt-
age supply terminal 6 connected to the output of the
voltage regulator 4 and to the positive terminal of the
battery 5.

[0011] The system 1 comprises a regulated direct-
current voltage supply circuit 7 the input of which is con-
nected to the terminal 6. An energy storage capacitor
C1 is connected in parallel between the input of the volt-
age supply circuit 7 and earth. The input of the supply
circuit 7 is connected to the terminal 6 by means of a
diode 8 which, in the embodiment shown, has its anode
connected to the terminal 6.

[0012] The system 1 further comprises a dc/dc volt-
age converter 9 having a supply input 9a connected to
the terminal 6 by means of a diode 10 which has its
anode connected to the terminal 6. An energy storage
capacitor C2 is connected in parallel between the input
of the voltage converter 9 and earth.

[0013] The output of the voltage converter 9 is con-
nected to the input of a capacitive-discharge ignition cir-
cuit 11 comprising, in known manner, a charging
capacitor 12. The output of the ignition circuit 11 is cou-
pled to a spark plug SP of the engine of the motor vehi-
cle by means of an ignition transformer, generally
indicated T.
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[0014] The ignition and starting system also com-
prises an electronic processing and control unit ECU
which has a plurality of inputs and outputs.

[0015] A sensor 14 (a pick-up) associated with the
rotor of the magneto-flywheel generator 3 for providing
electrical signals indicative of the speed of rotation of
the generator and hence of the engine of the motor
vehicle, as well as references usable for determining the
ignition advance, is connected to the unit ECU by
means of a signal-processing circuit 13.

[0016] An ignition and starting switch, indicated 15
in Figure 1, is connected to the supply terminal 6 and,
when closed manually, for example, by means of a key
16, can also enable direct-current electrical loads of the
motor vehicle to be supplied.

[0017] The processing and control unit ECU is con-
nected to the switch 15 by means of a voltage presence
detector circuit 17 for detecting the closed or open con-
dition of the switch.

[0018] The unit ECU also has two outputs con-
nected to an enabling input 9b of the voltage converter
9 and to a control input of the capacitive-discharge igni-
tion circuit 11.

[0019] Further devices associated with the ignition
and starting system which are shown in Figure 1, will be
described below.

[0020] In the configuration described up to now, the
ignition and starting system is arranged to enable the
motor vehicle to move off even when there is no charge
or insufficient charge in the battery 5. In such a condi-
tion, after closing the switch 15, the user operates the
starting pedal crank 2, bringing about a corresponding
rotation of the magneto-flywheel generator 3. The
energy produced by this generator charges the storage
capacitors C1 and C2 through the supply terminal 6 and
the diodes 8 and 10. The capacitor C1 is of a size such
that it can store sufficient energy to enable the voltage
supply circuit 7 to supply the regulated direct-current
voltage (for example, of 5V) to the processing and con-
trol unit ECU and to the other devices of the system
which require this supply voltage, for a predetermined
minimum period of time.

[0021] During this period of time in which the regu-
lated supply voltage supplied by the circuit 7 persists,
the unit ECU checks whether the switch 15 has been
closed and checks whether the pick-up 14 is providing
signals indicative of rotation of the engine.

[0022] If the switch 15 is closed and the engine and
the generator 3 are rotating, the unit ECU supplies an
enabling signal to the input 9b of the voltage converter
9. This converter, which receives the voltage stored in
the capacitor C2 as an input, outputs a voltage for
charging the ignition capacitor 12. The unit ECU then
controls the ignition circuit 11 in @ manner such as to
cause a spark to be generated in the plug SP in order to
start the engine.

[0023] The starting of the engine and the conse-
quent rotation of the generator 3 enables a condition to
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be reached in which the system is electrically self-sup-
porting.

[0024] The mode of operation described above is
made possible because the supply voltages at the input
of the supply circuit 7 and at the input of the voltage con-
verter circuit 9 are decoupled from one another by
means of the diodes 8 and 10. In particular, when the
voltage converter 9 is enabled to operate, the diode 8
prevents it from absorbing all of the electrical energy
produced by the generator 3 and discharging the capac-
itor C1 before the first spark is struck, which would bring
about deactivation of the voltage supply circuit 7 and, in
fact, interruption of the energy supply to the unit ECU
and to the other devices of the system supplied by the
circuit 7.

[0025] The diode 10 also protects the voltage con-
verter 9 in the event of accidental connection of the bat-
tery 5 with reversed polarity.

[0026] The mode of operation described above for
the situation in which there is no charge or insufficient
charge in the battery is summarized in the flow chart of
Figure 2.

[0027] The motor vehicle may, in known manner,
have a transponder 18 (Figure 1) for receiving signals
containing an identification code, emitted by a portable
device. In this case, the unit ECU is connected to a code
reader device 19 coupled to the transponder 18 and is
advantageously arranged to acquire and to analyze the
code picked up and to allow the motor vehicle to be
started when the code received corresponds to a prede-
termined and stored code.

[0028] To permit ignition and starting of the motor
vehicle in emergency conditions, that is, when there is
no charge or insufficient charge in the battery, the unit
ECU is advantageously arranged to operate substan-
tially in the manner described above with the further var-
iations which will now be described with particular
reference to the flow chart of Figure 3.

[0029] In order to start the motor vehicle in an
emergency situation of the type described above, the
user closes the switch 15 and operates the starting
pedal crank 2 (box 30 of Figure 3).

[0030] The energy thus produced by the generator
3 charges the capacitors C1 and C2. The voltage supply
circuit 7 supplies the regulated voltage to the unit ECU
and to other devices of the system and, in particular -
amongst these - to the code reader 19.

[0031] As soon as it is supplied, the unit ECU
checks whether the switch 15 has been closed (box 31).
If not, it disables the ignition circuit (box 32).

[0032] If the switch 15 has been closed, the unit
waits for a predetermined period of time T, for example
of 250 ms, to elapse (box 33).

[0033] If the unit ECU does not receive any signal
from the sensor 14 within the period of time T (generator
3 stationary), the unit ECU goes on to implement a nor-
mal ignition and starting procedure (box 40 et seq.)
which will be described further below.
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[0034] If, on the other hand, before the period T has
elapsed, the unit ECU receives a signal from the pick-up
14 indicative of rotation of the generator 3 (box 34) the
unit supplies an enabling signal to the input 9b of the
voltage converter 9 to allow the ignition capacitor 12 to
be charged and then drives the ignition circuit 11 in a
manner such as to cause a spark to be struck in the
spark plug SP (box 35).

[0035] The ignition and starting of the engine ena-
bles the condition of electrical self-supply of the entire
system to be reached. The unit ECU controls the igni-
tion circuit 11 in a manner such that the engine of the
motor vehicle rotates at a limited speed which is insuffi-
cient to move the motor vehicle but enables the genera-
tor 3 to supply sufficient energy to the entire system
(box 35). In these conditions, the unit ECU detects
whether the coded signal has been received by the
transponder 18 and, if so, acquires the code received
(box 36). The unit ECU then checks whether the code
received is correct (box 37) and, if so, (box 38) enables
the ignition circuit 11 so as to allow the engine of the
motor vehicle to rotate fast enough to move the motor
vehicle.

[0036] If, on the other hand, the code picked up
does not correspond to the code stored, the unit ECU
inhibits the ignition circuit 11 (box 39).

[0037] Returning now to the stage corresponding to
box 33 of the flow chart of Figure 3, if, as stated above,
when the period of time T has elapsed, the unit ECU
has not detected a rotation of the generator 3, it inter-
prets this situation as indicative of the fact that ignition
and starting have not been brought about as a result of
the operation of the pedal crank 2 but, in the usual man-
ner, by means of the ignition and starting switch which
forms part of the switch 15. In this case, the unit ECU
does not implement the emergency starting procedure
described but implements the "normal" procedure and
checks whether a code has been picked up by the trans-
ponder 18 (box 40) and checks whether or not the code
picked is correct (box 41): if the code is correct, the unit
ECU enables the voltage converter circuit 9 and the
ignition circuit 11 to operate normally (box 42) whereas,
if not, it inhibits the ignition circuit (box 43).

[0038] With reference to the stage corresponding to
box 36 of the flow chart of Figure 3, the acquisition of
the code picked up by the transponder 18 during the
emergency starting procedure is advantageously per-
formed within a period of time between the striking of
two consecutive sparks in the ignition plug SP, to pre-
vent the electromagnetic interference generated by the
sparks from invalidating the acquisition of the code. In
other words, the unit ECU is arranged to acquire the
code in synchronism with the signal supplied by the
pick-up 14.

[0039] Naturally, the principle of the invention
remaining the same, the forms of embodiment and
details of construction may be varied widely with
respect to those described and illustrated purely by way
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of non-limiting example, without thereby departing from
the scope of the invention as defined in the appended
claims.

Claims

1. An ignition and starting system for a motor vehicle
with an internal combustion engine to which a mag-
neto-flywheel electrical generator (3) is coupled
and which is adapted to be rotated by means of a
starting pedal crank (2); the system (1) comprising:

- a voltage supply terminal (6) connected to the
output of the generator (3, 4) and to a storage
battery (5),

- a dc/dc voltage converter (9) having a supply
input (9a) connected to the terminal (6), and an
enabling input (9b),

- a capacitive discharge ignition circuit (11, 12)
the input of which is connected to the output of
the voltage converter (9) and the output of
which is coupled to a spark plug (SP),

- an electrical rotation sensor (14) associated
with the generator (3),

- an ignition switch (15) connected to the supply
terminal (6),

- aregulated direct-current voltage supply circuit
(7) the input of which is connected to the volt-
age supply terminal (6), and

- an electronic processing and control unit (ECU)
with signal inputs connected to the rotation
sensor (14) and to the ignition switch (15), and
a supply input connected to the output of the
voltage supply circuit (7), and with control out-
puts coupled to the enabling input (9b) of the
voltage converter (9) and to a control input of
the ignition circuit (11, 12),

the system being characterized in that:

the voltage supply circuit (7) and the voltage
converter (9) are coupled to the supply terminal
(6) by means of respective decoupling means
(8, 10) and respective energy storage capaci-
tors (C1, C2) in a manner such that, when the
engine is started by means of the pedal crank
(2), the energy correspondingly supplied by the
generator (3) is sufficient to enable the voltage
supply circuit (7) to supply the regulated volt-
age for a predetermined minimum period of
time and to enable the voltage converter (9) to
store sufficient energy for the striking of at least
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one ignition spark in the engine; and in that

the processing and control unit (ECU) is
arranged to detect a condition of closure of the
switch (15) and rotation of the generator (3) 5
and, as a result of the detection of this condi-
tion, to implement an emergency engine igni-
tion and starting procedure in which the unit
(ECU) enables the voltage converter (9) to
operate in order to charge the ignition capacitor 10
(12) and subsequently to strike a spark to start

the engine.

2. A system according to Claim 1, for a motor vehicle
also having a transponder (18) for receiving signals 15
containing an identification code, and in which the
processing and control unit (ECU) is arranged to
acquire and to analyze the signals picked up by the
transponder (18) and to allow the motor vehicle to
be started when the code received corresponds to 20
a predetermined code;

the system being characterized in that, during
the emergency ignition and starting procedure,
the processing and control unit (ECU) is 25
arranged to drive the ignition circuit (11, 12) in
a manner such as to allow the engine to be
started and subsequently to rotate at a limited
speed which is insufficient to move the motor
vehicle but which enables the generator (3) to 30
supply sufficient energy to the voltage circuit
(7) until the processing and control unit (ECU)
has acquired and checked the code picked up
by the transponder (18).
35
3. A system according to Claim 2, characterized in
that, during the emergency ignition and starting
procedure, the processing and control unit (ECU) is
arranged to analyze and check the code between
two consecutive sparks. 40

4. A system according to any one of the preceding
claims, in which, in operation, the voltage supply
terminal (6) is at a positive potential relative to the
potential of an earth conductor (GND), 45
characterized in that the decoupling means com-
prise a pair of diodes (8, 10) the anodes of which
are connected to the voltage supply terminal (6)
and the cathodes of which are connected to the
input of the voltage supply circuit (7) and to the sup- 50
ply input of the voltage converter (9), respectively.
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FIG. 3
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