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(57) In an engine ignition system utilizing an AC
generator (1) for supplying an electric power to an igni- T

tion coil (13), a phase relationship between the genera- 7

tor voltage and an ignition timing (T1) is determined so

that an electric current flowing through a primary wind- Hﬂ
ing (L1) of the ignition coil (13) due to the voltage gener- '
ation by the AC generator (1) at the ignition timing (T1)
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is greater than a predetermined current (Ad) required to 9
produce a sufficient spark from a spark plug (14). Such 11
an ignition system can advantageously ensure achiev- 7
ing ignition even when the battery is disconnected or 4

totally discharged. Preferably, a capacitor (C1) is con- / — 5
nected in parallel with the primary winding (L1) of the / — 6

ignition coil (13). A stator core (6) for supporting a stator
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the ignition timing and the generator voltage. ‘ |
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Description

TECHNICAL FIELD

[0001] The present invention relates to an engine
ignition system, and particularly to a coil ignition system
in that an ignition coil is supplied with a voltage gener-
ated by an alternating current generator (ACG) that
operates in conjunction with engine rotation to generate
electricity.

BACKGROUND OF THE INVENTION

[0002] Conventionally, among ignition systems
used in automotive gasoline engines, is known a so-
called breakerless transistorized ignition system, which
is typically used in passenger vehicles or large or mid-
dle-sized motorcycles. Figure 8 shows an example of
the breakerless transistorized ignition system. As
shown, an alternating current generator (ACG) 1 which
rotates jointly with an engine (not shown) generates an
AC voltage which is half-wave rectified by a regula-
tor/rectifier 15 and typically charges a battery 16 so that
the battery voltage is supplied to an ignition control cir-
cuit 22.

[0003] The battery voltage supplied to the ignition
control circuit 22 is transmitted to a primary winding L1
of an ignition coil 13, and a current conduction through
the primary winding L1 is on/off controlled by a transis-
tor Q1 serving as a switching device. A pulser signal
from a pulser coil (magnetic detection coil) 8 provided
for detecting a rotational position (or angle) of a crank-
shaft is transmitted through a pulser waveform input
block 12b to an ignition coil primary current control block
12¢ which conducts the on/off control of the transistor
Q1 based on the pulser signal. The ignition control cir-
cuit 22 further comprises a power supply block 12a for
providing an operation voltage Vcc to various parts in
the ignition control circuit 22.

[0004] In the above constructed ignition system,
first, the transistor Q1 is turned on to cause an electric
current to flow through the primary winding L1 of the
ignition coil 13. Then, when a sufficient energy has been
stored in the primary winding L1, the ignition coil pri-
mary current control block 12c turns off the transistor
Q1 at an ignition timing determined based on the pulser
signal so as to interrupt the current flowing through the
primary winding L1. Accordingly, the abrupt interruption
of the current flowing through the primary winding L1
generates a counterelectromotive force in the primary
winding L1, causing a high voltage in a secondary wind-
ing L2 of the ignition coil 13, which in turn produces a
spark from a spark plug 14 to ignite an air-fuel mixture
in the engine.

[0005] The breakerless transistorized ignition sys-
tem as described above contains no mechanically con-
tacting parts and thus may be preferable in view of
conducting reliable and steady operation in a high
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engine speed range as well as facilitating high-voltage
generation in a low engine speed range. Therefore,
such a breakerless transistorized ignition system may
also be used preferably in small-sized motorcycles,
such as motor scooters. However, such small-sized
motorcycles are usually equipped with a relatively small
battery and thus it may occasionally happen that the
battery is totally discharged when starting the engine.
Further, the battery can sometimes be disconnected
due to oscillation or for other reasons. Thus there was a
problem that the disconnection or total discharge of the
battery could disable the transistorized ignition system
and prevent even starting the engine.

[0006] When the battery is disconnected or totally
discharged, half-waves from the ACG 1 are directly pro-
vided to the ignition coil 13 as shown in an upper part of
Figure 9. Accordingly, as shown in a lower part of Figure
9, a waveform of an electric current flowing through the
primary winding L1 of the ignition coil 13 will consist of
half-waves having a phase delay ¢ 1( ¢ 2) with respect
to the output voltage from the ACG 1.

[0007] Thus, by adjusting a phase relationship
between the generator voltage and the ignition timing
T1 based on the phase delay ¢ 1 at low engine speed so
that the ignition timing T1 coincides with a point where
the current flowing through the primary winding L1 is at
its peak, it may be possible to produce an intense spark
at low engine speed and start the engine by operating a
kickstarter for example even if the battery is discon-
nected or totally discharged.

[0008] However, the amount of phase delay may
vary with the engine speed and thus, when the engine
speed is higher and the current waveform has a larger
phase delay ¢ 2 (phantom line), ignition may not be
achieved because an adequate current is not flowing at
the ignition timing T1. This can cause a problem in vehi-
cle travel at high engine speed.

BRIEF SUMMARY OF THE INVENTION

[0009] In view of such problems of the prior art and
the recognition by the inventors, a primary object of the
present invention is to provide an engine ignition system
that can achieve ignition even when the battery is in an
inoperative condition.

[0010] A second object of the present invention is to
provide an engine ignition system that can ensure start
of the engine even when the battery is not properly func-
tioning.

[0011] A third object of the present invention is to
provide an engine ignition system that can conduct igni-
tion over a wide engine speed range from low to high
engine speeds even when the battery is not properly
functioning.

[0012] A fourth object of the present invention is to
provide an engine ignition system that can be used in
various engines having different characteristics.

[0013] A fifth object of the present invention is to
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provide an engine ignition system that can conduct an
advance angle control even when the battery is not
properly functioning.

[0014] According to the present invention, these
and other objects can be accomplished by providing an
engine ignition system, comprising: an alternating cur-
rent generator (1) for generating an AC voltage in con-
junction with a rotation of a crankshaft (2) of an engine
(E); an ignition timing sensor (7, 8) for generating an
ignition timing reference signal based on a rotation
angle of the crankshaft (2); an ignition coil (13) having a
primary winding (L1) connected to the alternating cur-
rent generator (1) and a secondary winding (L2) con-
nected to a spark plug (14); a switching device (Q1)
connected in series to the primary winding (L1) of the
ignition coil (13) for allowing an electric current to flow
through the primary winding (L1) of the ignition coil (13)
when the switching device (Q1) is in an on state; and an
ignition control circuit (12c) for controlling the switching
device (Q1) so as to turn off the switching device (Q1) at
an ignition timing (T1) determined based on the ignition
timing reference signal, characterized in that an electric
current flowing through the primary winding (L1) due to
the voltage generation by the alternating current gener-
ator (1) is greater than a predetermined current (Ad) at
the ignition timing (T1), wherein said predetermined
current (Ad) is sufficient for, upon interruption, inducing
such a high voltage in the secondary winding (L2) of the
ignition coil (13) that can produce a spark from the
spark plug (14). Typically, a phase of the voltage from
the alternating current generator (1) with respect to the
ignition timing (T1) is determined so that the electric
current flowing through the primary winding (L1) due to
the voltage generation by the alternating current gener-
ator (1) at the ignition timing (T1) is greater than said
predetermined current (Ad).

[0015] In this way, since a sufficient primary current
for ignition is ensured at the ignition timing only by the
electricity generated from the alternating current gener-
ator, it is possible to conduct ignition and start the
engine even when a battery is disconnected or totally
discharged.

[0016] Preferably, the current flowing through the
primary winding (L1) at the ignition timing is greater
than the predetermined current (Ad) both at low engine
speed and at high engine speed. In other words, the
ignition timing is preferably placed within an angle range
(o) where the primary current due to the voltage gener-
ation by the alternating current generator (1) is greater,
for any engine speed between a prescribed low and
high engine speeds, than the predetermined current
(Ad). Typically, the prescribed low engine speed is 500
rom and the prescribed high engine speed is 10,000
rpm. In this way, a sufficient primary current for ignition
can be ensured from low to high engine speeds and
thus, it is possible not only to start the engine, but also
to conduct ignition over a wide engine speed range even
when the battery is not properly functioning.
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[0017] Further preferably, a capacitor (C1) may be
connected in parallel with the primary winding (L1) of
the ignition coil (13). The capacitor contributes to ensur-
ing a sufficient primary current flowing at the ignition
timing at high engine speed. Moreover, the capacitor
may function to expand the angle range where the pri-
mary current is greater than the predetermined current
(ignition requirement current Ad) to thereby allow an
advance angle control to be conducted even when the
battery is inoperative.

[0018] In view of increasing the versatility of the
ignition system as well as preventing improper opera-
tion of the ignition system, it will be advantageous if a
phase relationship (8) between the ignition timing and
the voltage from the alternating current generator (1) is
adjustable. To achieve such an ignition system, accord-
ing to one embodiment of the invention, the alternating
current generator (1) has a magnet (4) adapted to rotate
in conjunction with the crankshaft (2) and a stator coil
(5) stationarily mounted to the engine (E), and a posi-
tion of said stator coil (5) on the engine (E) is adjustable
in a direction of rotation of said magnet (4). More specif-
ically, the ignition system may comprise an annular sta-
tor core (6) which is disposed coaxially with the
crankshaft (2) to support said stator coil (5), said stator
core (6) being provided with an arcuate slot (6a) through
which a securing bolt (10) is passed to attach the stator
core (6) to the engine (E).

[0019] Thus, the position of the stator core support-
ing the stator coil is adjustable in the circumferential
direction within a length of the arcuate slot. This makes
it possible to fine-adjust the phase relationship between
the ignition timing and the generator voltage after
assembling the component parts or to vary the phase
relationship depending on the particular engine type to
thereby increase the versatility of the system.

[0020] Other and further objects, features and
advantages of the invention will appear more fully from
the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Now the present invention is described in the
following with reference to the appended drawings, in
which:

Figure 1 is a schematic side cross-sectional view of
an alternating current generator of an ignition sys-
tem to which the present invention is applied.
Figure 2 is an enlarged frontal view of an essential
part of the generator taken along the lines II-Il in
Figure 1;

Figure 3 is an explanatory diagram for showing a
generator voltage, primary current and ignition tim-
ing adjusted according to the present invention;
Figure 4 is a diagram corresponding to Figure 2 and
showing a state at the ignition timing;

Figure 5 is a diagram corresponding to Figure 4 and
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showing a second embodiment according to the
present invention;

Figure 6 is a circuit block diagram showing a sec-
ond embodiment of an ignition control circuit
according to the present invention;

Figure 7 is an explanatory diagram for showing a
conducted electric current waveform and ignition
timing in the second embodiment according to the
present invention.

Figure 8 is a circuit block diagram showing an igni-
tion control circuit of a breakerless transistorized
ignition type; and

Figure 9 is a diagram for showing an ignition timing
and phase delay of the primary winding current rel-
ative to the generator output voltage in the breaker-
less transistorized ignition system.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0022] Figure 1 is a schematic side cross-sectional
view showing an alternating current generator (ACG) 1
serving as a power supply for an ignition system of a
motor vehicle, and Figure 2 is an enlarged front view
showing an essential part thereof. As shown in the
drawings, a flywheel 3 is coaxially secured to a crank-
shaft 2 of an engine E. The flywheel 3 is formed with a
cylindrical wall portion extending from its outer periph-
eral portion toward the engine E side, and a predeter-
mined number of arcuate magnets 4 are fixedly
disposed on an inner circumferential surface of the
cylindrical portion of the flywheel 3 such that N poles
and S poles are arranged alternately in the circumferen-
tial direction.

[0023] Stator coils 5, which constitute the ACG 1 in
combination with the magnets 4, are provided by the
same number as that of the magnets 4. These stator
coils 5 are disposed radially on the crankshaft 2 and
inwardly of the cylindrical wall portion of the flywheel 3
so that they face the poles of the magnets 4. An annular
stator core 6 is fixedly screwed by securing bolts 10 to
an end surface of the engine E so as to surround the
crankshaft 2. The stator core 6 is provided with a plural-
ity of radially extending upright yokes on its outer cir-
cumferential surface, and the stator coils 5 are wound
around the yokes. The stator coils 5 are electrically con-
nected to the regulator/rectifier 15.

[0024] Further, a reluctor 7 consisting of a magnetic
material is secured on an outer surface of the cylindrical
wall portion of the flywheel 3. The reluctor 7 constitutes
an ignition timing sensor in conjunction with a pulser coil
8 which is supported by a bracket 9 fixedly screwed on
an end surface of the engine E so as to detect a change
in a magnetic field due to passing of the reluctor 7.
[0025] As an ignition control circuit used in the
present invention, the above-shown ignition control cir-
cuit 22 of Figure 8 may be used. Thus, the circuit shown
in Figure 8 constitutes a first embodiment and a detailed
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explanation thereof is omitted here.

[0026] Figure 3 shows a waveform of an output volt-
age from the ACG 1 constructed as above (uppermost
waveform). In this embodiment, the number of poles of
the magnets 4 is eight, and accordingly, the output volt-
age waveform from the ACG 1 comprises four half
waves for each single rotation of the crankshaft 2 (six
waves will be produced if the number of magnetic poles
is twelve.). It should be noted that the uppermost wave-
form in Figure 3 shows the generator output voltage
after passing the regulator/rectifier 15 in the case where
the battery 16 is disconnected or totally discharged, and
thus contains positive half-waves of the sine wave.
[0027] When the transistor Q1 is turned on at a
point S1 in Figure 3 and the generator voltage half-wave
is applied to the primary winding L1 of the ignition coil
13, an electric current flows through the primary winding
L1 as shown in a middle part of Figure 3 (the current
that flows through the primary winding L1 of the ignition
coil 13 is sometimes called a primary winding current or
primary current). Due to an inductance in the ACG 1
and in the primary winding L1, the primary current has a
phase delay (¢ 1, ¢ 2) relative to the generator voltage
as shown in the drawing, where the solid line having a
phase delay ¢ 1 corresponds to a low engine speed
(e.g., 500 rpm) while the phantom line having a phase
delay ¢ 2 corresponds to a high engine speed (e.g.,
10,000 rpm). As seen, as the engine E rotates at higher
engine speed, usually the peak of the voltage (current)
becomes higher and the phase delay increases (¢ 1< ¢
2).

[0028] As mentioned above, the ignition timing T1 is
determined based on the pulser signal generated from
the pulser coil 8. In the shown embodiment, for each
single rotation of the crankshaft 2, the reluctor 7 passes
the pulser coil 8 once to generate a pair of positive and
negative pulses, and the negative pulse serves as an
ignition timing reference signal. In this embodiment, the
ignition timing T1 is determined by detecting a rising
edge of the negative pulse, as shown in the lowermost
waveform in Figure 3.

[0029] According to the present invention, a phase
relationship between the generator voltage and the igni-
tion timing T1 is determined so that the electric current
flowing through the primary winding L1 at the point of
ignition timing T1 is greater than a minimum primary
current that, upon interruption, can induce such a high
voltage in the secondary winding L2 that can produce a
spark from the spark plug 14 to ignite the air-fuel mix-
ture in the engine. The minimum primary current is
herein referred to as "ignition requirement current" and
denoted with Ad in Figure 3. The phase relationship
between the generator voltage and the ignition timing
T1 can be expressed for example by a phase difference
between the peak in the generator voltage and the ris-
ing edge of the negative pulser signal as indicated by a
reference d in Figure 3.

[0030] As can be seen in Figure 3, the primary cur-
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rent at the ignition timing T1 is greater than the ignition
requirement current Ad not only at low engine speed but
also at high engine speed. In other words, the ignition
timing is adjusted to be within a range denoted with a
reference o which can be defined as an overlap
between the angle ranges at high and low engine
speeds where the primary current is greater than the
ignition requirement current Ad. The range o is herein
referred to as "ignition-achievable range." Thus, even
when the battery is disconnected or totally discharged,
it is ensured from low to high engine speeds that the
electric power from the ACG 1 alone can provide a suf-
ficient primary current at the ignition timing T1, and thus
it is possible not only to start the engine but also to con-
duct ignition over a wide engine speed range.

[0031] It should be noted that although it may be
preferable (particularly at low engine speed) that the
peak of the primary current coincides with the ignition
timing T1 in view of producing an intense spark from the
spark plug, ignition can be achieved so long as the pri-
mary current at the ignition timing is greater than the
ignition requirement current Ad, and the ignition timing
T1 may be displaced from the peak of the primary cur-
rent.

[0032] The phase relationship between the genera-
tor voltage and the ignition timing T1 may be deter-
mined by the positional relationship between the stator
coils 5, magnets 4, reluctor 7 and pulser coil 8. Figure 4
illustrates the positional relationship between these
component parts at the ignition timing T1 in the ignition
system constructed according to the invention. In this
drawing, the flywheel 3 rotates in a direction shown by
an arrow A, and a rotational end of the reluctor 7 is posi-
tioned just under the pulser coil 8 to generate the nega-
tive pulser voltage that determines the ignition timing
T1.

[0033] Peaks in the generator voltages are pro-
duced when a boundary between adjacent magnets 4
coincides with an axis of one of the stator coils 5. In Fig-
ure 4, the boundary of adjacent magnets 4 is displaced
from the axis of the stator coil 5 by the rotation angle of
d, in other words, the ignition timing reference signal for
determining the ignition timing is generated with the
phase delay o relative to the immediately preceding
peak of the generator voltage. It should be noted that if
the pulser coil 8 and the reluctor 7 were displaced
together in a circumferential direction from the position
shown in Figure 4 while maintaining the position of the
stator coils 5 and magnets 4, the phase relationship
between the generator voltage and the ignition timing
reference signal (and hence the ignition timing) would
not change. Thus, Figure 4 illustrates only an example
of possible arrangements for embodying the principle of
the present invention and should not be interpreted as
limiting the present invention.

[0034] According to the inventor's experiment, by
setting the phase delay 6 at 14.5 degrees in the above
constructed engine ignition system, it was possible to
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achieve a primary current of 1.5-3.0A, which was suffi-
cient for ignition, for an engine speed range of 500-
10,000 rpm.

[0035] In the above illustrated embodiment, the
position of the pulser coil 8 and stator coils 5 on the
engine E was fixed. However, it may be sometimes
required to fine-adjust the phase relationship between
the generator voltage and the ignition timing (or the igni-
tion timing reference signal for determining the ignition
timing) after assembling the component parts of the
engine ignition system since variation in the manufac-
turing accuracy of the component parts could make it
difficult to achieve completely identical electric genera-
tors for use in the ignition system. Further, there may be
a demand for an engine ignition system that can be
used in various engines having different characteristics.
[0036] Figure 5 shows an embodiment of an ACG
for an engine ignition system according to the present
invention to meet such requirements. In Figure 5, the
parts similar to those in the above illustrated embodi-
ment are denoted with same reference numerals and
detailed explanation thereof is omitted.

[0037] In the ACG 1 shown in Figure 5, the annular
stator core 6 for supporting the stator coils 5 is provided
with coaxial arcuate slots 6a through which the securing
bolts 10 are passed and screwed into threaded holes
provided to the engine E to thereby attach the stator
core 6 to the engine E. Thus, the position of the stator
core 6 is adjustable within a circumferential length of the
arcuate slots 6a. For example, by displacing the stator
core 6 circumferentially in the direction shown by an
arrow B in Figure 5, it is possible to secure the stator
coils 5 at the position shown by phantom lines. Of
course, the position adjustment may be possible in the
opposite direction to that shown by arrow B.

[0038] Thus, in the ignition system utilizing the elec-
tric generator shown in Figure 5, by adjusting the cir-
cumferential position of the stator core 6, it is possible to
vary the phase of the generator voltage relative to the
pulser signal (or ignition timing reference signal) so that
the phase relationship between the ignition timing and
the generator voltage is adjusted, even after the assem-
bly of the component parts. Also, since such an ignition
system can comply with various engine characteristics,
or in other words, can eliminate the need to provide dif-
ferent ignition systems depending on each engine type,
an increase in the cost can be suppressed.

[0039] It should be understood to a person having
an ordinary skill in the art that the above adjustment of
the phase relationship between the ignition timing and
the generator voltage may also be achieved by making
the position of the pulser coil 8 on the engine E dis-
placeable in the rotational direction of the reluctor 7.
Also, a similar effect may be obtained by making the
position on the flywheel 3 of at least one of the reluctor
7 and the magnets 4 displaceable in the rotational direc-
tion of the flywheel 3. This can be accomplished, for
example, by providing the reluctor 7 with a circumferen-
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tially elongated opening so that the reluctor 7 is
attached to the outer surface of the flywheel 3 by means
of a screw passed through the elongated opening. Such
alterations and modifications should fall within the
scope of the present invention.

[0040] Thus, by providing an engine ignition system
having an ACG constructed as hitherto described, it can
be possible to start the engine or to conduct ignition
over a wide engine speed range even when the battery
is disconnected or totally discharged. However, in the
above shown ignition system with the control circuit
shown in Figure 8, it is not possible to conduct an
advance angle control when the battery is not properly
functioning since advancing the ignition timing T1 would
place the ignition timing T1 outside the ignition-achieva-
ble range o.

[0041] Figure 6 shows a second embodiment of an
ignition control circuit that may solve such a problem. In
Figure 6, the parts similar to those in the previously illus-
trated embodiment are denoted with same reference
numerals and detailed explanation thereof is omitted.
[0042] Similarly to the circuit shown in Figure 8, an
ignition control circuit 12 shown in Figure 6 is connected
to the ACG 1 via the regulator/rectifier 15 and com-
prises the pulser waveform input block 12b and ignition
coil primary current control block 12c. The ignition con-
trol circuit 12 further comprises an advance angle con-
trol circuit 12d for controlling the ignition coil primary
current control block 12c based on the pulser signal
from the pulser waveform input block 12b so as to con-
duct an advance angle control for ignition. Further more,
a capacitor C1 is connected to a node between the reg-
ulator 15 and the primary winding L1 so as to be in par-
allel with the primary winding L1.

[0043] Figure 7 shows a primary current waveform
in the ignition system utilizing the ignition control circuit
12 constructed as above. As shown, in this embodi-
ment, the transistor Q1 is turned on at an earlier point of
time than the first embodiment (see Figure 3). More
specifically, the transistor Q1 is turned on at a point S2
shown in a middle portion of Figure 7 so that the capac-
itor C1 can provide a discharge current to the primary
winding L1 of the ignition coil 13 before an electric cur-
rent due to the voltage generation by the ACG 1 begins
to flow through the primary winding L1 with a phase
delay (¢ 1, ¢ 2) with respect to the generator voltage
half-wave. It should be noted that before the transistor
Q1 is turned on, the capacitor C1 is charged by the volt-
age half-waves from the ACG 1. Also it should be noted
that as shown by phantom lines in the middle portion o
Figure 7, the discharge current from the capacitor C1
increases as the generator voltage increases with the
engine speed. Thus, at high engine speed, where the
ignition timing T1 is advanced for example by an angle
C to anignition timing T2, the discharge current from the
capacitor C1 functions to ensure a sufficient current (or
a current which is greater than the ignition requirement
current Ad) flowing through the primary winding L1 of
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the ignition coil 13 at the advanced ignition timing T2,
whereby making it possible to conduct an advance con-
trol of ignition in a high engine speed range

[0044] It should be noted that the capacitor C1 may
have such a small capacitance that allows the discharge
current at low engine speed to go below the ignition
requirement current Ad in a possible advance angle
range (as shown by a solid line in Figure 7) because at
low engine speed, advancing of the ignition timing may
not take place and a sufficient primary current at the
ignition timing T1 is ensured by the phase adjustment
as describe above. This can permit the capacitor C1 to
be embodied by a small-sized capacitor.

[0045] In the ignition system using the circuit shown
in Figure 8 without the capacitor C1, the primary current
consists of a half-wave corresponding to the half-wave
voltage from the ACG 1, as shown in Figure 3. In such
an ignition system, though not shown in Figure 3, at
high engine speed where the influence of the induct-
ance of ACG 1 on the primary current may be signifi-
cant, it may happen that the primary current has not
reached a sufficiently high level even at the non-
advanced ignition timing T1. In the ignition system using
the second embodiment circuit shown in Figure 6, how-
ever, owing to the capacitor C1, the primary current can
start flowing at an earlier time and thus it is facilitated to
achieve a sufficiently high level of primary current at the
point of ignition timing T1 at high engine speed.

[0046] Thus, according to the second embodiment
of the ignition control circuit, by providing an energy
storage element capable of storing an electric energy
such as an electrolytic capacitor in parallel with the pri-
mary winding of the ignition coil, it is possible to achieve
ignition even when the battery is disconnected or totally
discharged and to conduct an advance angle control in
a high engine speed region without creating a problem,
whereby making it possible to provide a compact break-
erless transistorized ignition system that may be opera-
ble without a battery.

[0047] It should be mentioned that if the capacitor
were used in place of the battery and the energy stored
in the capacitor alone had to ensure a sufficient electric
current at low to high engine speeds, the capacitor
would be an impractically large-sized or high-cost one.
However, in the above inventive ignition system, since a
sufficient primary current at low engine speed is
ensured by the adjustment of the phase relationship
between the ignition timing and the generator voltage,
the capacitor is only required to provide a supplemental
primary current at high engine speed, and accordingly
the capacitance of the capacitor can be one sixth - one
seventh with respect to the capacitance that would be
required if the energy stored in the capacitor alone had
to ensure a sufficient primary current over a wide engine
speed range, whereby allowing the present invention to
be practically achievable.

[0048] Although the present invention has been
described in terms of preferred embodiments thereof, it
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is obvious to a person skilled in the art that various alter-
ations and modifications are possible without departing
from the scope of the present invention which is set
forth in the appended claims.

Claims
1. An engine ignition system, comprising:

an alternating current generator (1) for generat-
ing an AC voltage in conjunction with a rotation
of a crankshaft (2) of an engine (E);

an ignition timing sensor (7, 8) for generating
an ignition timing reference signal based on a
rotation angle of the crankshaft (2);

an ignition coil (13) having a primary winding
(L1) connected to the alternating current gen-
erator (1) and a secondary winding (L2) con-
nected to a spark plug (14);

a switching device (Q1) connected in series to
the primary winding (L1) of the ignition coil (13)
for allowing an electric current to flow through
the primary winding (L1) of the ignition coil (13)
when the switching device (Q1) is in an on
state; and

an ignition control circuit (12c¢) for controlling
the switching device (Q1) so as to turn off the
switching device (Q1) at an ignition timing (T1)
determined based on the ignition timing refer-
ence signal,

characterized in that an electric current flowing
through the primary winding (L1) due to the
voltage generation by the alternating current
generator (1) is greater than a predetermined
current (Ad) at the ignition timing (T1), wherein
said predetermined current (Ad) is sufficient
for, upon interruption, inducing such a high volt-
age in the secondary winding (L2) of the igni-
tion coil (13) that can produce a spark from the
spark plug (14).

2. An engine ignition system according to claim 1,
wherein a phase of the voltage from the alternating
current generator with respect to the ignition timing
(T1) is determined so that the electric current flow-
ing through the primary winding (L1) at the ignition
timing (T1) due to the voltage generation by the
alternating current generator (1) is greater than said
predetermined current (Ad).

3. An engine ignition system according to claim 1,
wherein the electric current flowing through the pri-
mary winding (L1) at the ignition timing (T1) due to
the voltage generation by the alternating current
generator (1) is greater than said predetermined
current (Ad) at an engine speed of 500 rpm.

4. An engine ignition system according to claim 3,
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wherein the electric current flowing through the pri-
mary winding (L1) at the ignition timing (T1) due to
the voltage generation by the alternating current
generator (1) is greater than said predetermined
current (Ad) at an engine speed of 10,000 rpm.

An engine ignition system according to claim 1,
wherein the ignition timing is placed within an angle
range (o) where the electric current flowing through
the primary winding (L1) due to the voltage genera-
tion by the alternating current generator (1) is
greater, for any engine speed between a prescribed
low and high engine speeds, than the predeter-
mined current (Ad)

An engine ignition system according to claim 1,
wherein a capacitor (C1) is connected in parallel
with the primary winding (L1) of the ignition coil
(13).

An engine ignition system according to claim 6, fur-
ther comprising an advance angle control circuit
(12d) for advancing the ignition timing (T1, T2)
according to the engine speed.

An engine ignition system according to claim 1,
wherein a phase relationship ( 6 ) between the igni-
tion timing and the voltage from the alternating cur-
rent generator is adjustable.

An engine ignition system according to claim 8,
wherein said alternating current generator (1) has a
magnet (4) adapted to rotate in conjunction with the
crankshaft (2) and a stator coil (5) stationarily
mounted to the engine (E), and wherein a position
of said stator coil (5) on the engine (E) is adjustable
in a direction of rotation of said magnet (4).

An engine ignition system according to claim 9, fur-
ther comprising an annular stator core (6) which is
disposed coaxially with the crankshaft (2) to sup-
port said stator coil (5), said stator core (6) being
provided with an arcuate slot (6a) through which a
securing bolt (10) is passed to attach the stator
core (6) to the engine (E).



EP 1 085 204 A2

Fig. 1
1=
| 1
/E . 8 »
//'/ N F
—=—7
/ 4
/ 6
= 1 3
iy “1 0
. _L
/ ' AN 10
2 hilily




11

EP 1 085 204 A2

11



EP 1 085 204 A2

uo bunuin
IS

|
|
|
|
m
m 1D J9ISISUBS} JO
_
|
|
]
|
"

S

 E—
Y

|/ N N N/

0 jeubis sasind

0 ua.n?
py Buipum Arewud

abiejjon 1ndno
Jojesoualb

yeysyueid Jo uoieo. ajburs

§ g

10



1

EP 1 085 204 A2

1

11




EP 1 085 204 A2

CZ?.J
8
11 : 11
1\ 7
4
S . N
£ LN
N 10_2 10 \
('\
. ]
6a | 2 6a 6

12




EP 1 085 204 A2

il

Fig. 6
—12
g 13
15 - L/ B /
2 '-; 12
| REG/ REC/II 1 I\
|
16 l C1 l %é 14
' )
T Vee 7 =
120~ power supply| § %
Vcc block Vee ||
! i Q1
pulser waveform Ignltlon coil
i —1 primary current |
input block control block l
\12b 2 o
!
advance .alngleI
control circuit !

\12d

13



EP 1 085 204 A2

LD 48}SISUB] JO
Lo buiwuny

\ ’ \ ’
a/ / \ /

Jyeysyurld jo uoiejos ajburs

V- s

0 jeubrs sasind

0 JUa.LINg
py Duipuim Arewyud

abejjoA 1naino
Jojeisuab

14



EP 1 085 204 A2

Fig. &
—12
- 13
N 125 6 ’ /
L2
\ REG/REC ﬂ : 1 3
71-7 : Vcc:
ower suppl
% N p blockppy_?
120
Vce Vee [ ___|
8\ . ignition co:j o T
)\ pulser waveform | | rimary current |
input block pcont%l block :
\“12b \12¢ | 7

15

14



generator
output voltage

primary winding
current

EP 1 085 204 A2

I

16



	bibliography
	description
	claims
	drawings

