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Description

[0001] The present invention relates to a vehicle igni-
tion device, an ignition control device, and a control meth-
od of vehicle ignition device.

[Background Art]

[0002] Forexample, in a two-wheeled vehicle system,
it is necessary to determine whether the spark plug of
the ignition device is ignited and discharged by support-
ing OBD2 (On-board diagnostics 2).

[0003] Forexample,itis possible to determine whether
the ignition is discharged from the rotation fluctuation of
the engine. In this case, it is possible to determine low
rotation, but it is difficult to determine at high rotation be-
cause there is little fluctuation.

[0004] On the other hand, in the four-wheeled vehicle
system, since there is a margin of cost, the secondary
side of the ignition device is directly detected (see, for
example, JP-A-2009-92035 and JP-A-2015-20024).
[0005] Here, if the spark plug is not ignited and dis-
charged normally, the switching element that controls ig-
nition takes more energy than in the normal state. There-
fore, the switching element may be damaged.

[0006] And, when selecting an element that does not
cause any problem even if a large amount of energy is
applied so as not to break, it leads to an increase in the
cost of the ignition device.

[0007] Then, in the motorcycle system described
above, when determining whether the spark discharge
is normalin theigniter, the voltage is read by the detection
circuit to determine whether the primary side of the igni-
tion device is a normal connection, a disconnection, a
ground fault, or a ceiling fault.

[0008] The detection circuit used in such a convention-
al technique could not detect the state of the secondary
side of the ignition device. In the detection circuit, there
is a problem that even if it operates normally in terms of
control, it is not known whether the spark is actually dis-
charged.

[Disclosure of Invention]
[Problems to be Solved by the Invention]

[0009] Therefore, an object of the present invention is
to provide a vehicle ignition device capable of determin-
ing whether or not spark discharge is normal, based on
the voltage value (current value) and application time dur-
ing ignition operation on the primary side.

[Solution to Problem]
[0010] A vehicle ignition device, according to an em-

bodimentaccording to an aspect of the presentinvention,
comprising:
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a battery terminal to which an ignition voltage is sup-
plied from a battery;

a primary side ignition coil that has one end connect-
ed to the battery terminal, and has the other end
connected to the detection terminal;

a secondary side ignition coil that has one end is
connected to the battery terminal, and has the other
end is connected to a plug terminal, the secondary
side ignition coil constituting a transformer together
with the primary side ignition coil;

a spark plug that has a first electrode connected to
the plug terminal, and has a second electrode con-
nected to a fixed potential;

a control switching element that has one end con-
nected to the detection terminal, and has the other
end connected to the fixed potential;

a detector that detects a primary voltage of the de-
tection terminal or an energizing current flowing from
the detection terminal to the control switching ele-
ment;

a drive unit that drives the control switching element
to control the control switching element on or off; and
a control unit that controls the control switching ele-
ment by the drive unit, based on a value of the pri-
mary voltage and/or a value of the energizing current
detected by the detector,

wherein the control unit determines whether or not
the spark plug is normally ignited, based on a voltage
comparison result comparing the value of the prima-
ry voltage detected by the detector with a preset
threshold voltage and/or a current comparison result
comparing the value of the energizing current de-
tected by the detector with a preset threshold current,
in a preset detection period.

[0011] In the vehicle ignition device,

wherein the control unit turns off the control switching
element and stops the ignition of the spark plug, if the
control unit determines that the spark plug is not igniting
normally, based on the voltage comparison result and/or
the current comparison result.

[0012] In the vehicle ignition device,

wherein

the control unit determines that the spark plug is not ig-
niting normally, when the period in which the detected
primary voltage exceeds the threshold voltage is equal
to or longer than a preset reference time, in the detection
period,

on the other hand, the control unit determines that the
spark plug is igniting normally, when the period in which
the detected primary voltage exceeds the threshold volt-
age is less than the reference time, in the detection pe-
riod.
[0013]
wherein
the control unit determines that the spark plug is not ig-
niting normally, if the detected primary voltage exceeds
a preset first threshold voltage, when the preset first

In the vehicle ignition device,
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standby time elapses after the ignition operation of the
spark plug is started,

on the other hand, the control unit determines that the
spark plug is igniting normally, if the detected primary
voltage does not exceed the first threshold voltage after
the first standby time has elapsed.

[0014] In the vehicle ignition device,

wherein

the control unit determines that the spark plug is igniting
normally, if the detected primary voltage exceeds a pre-
set second threshold voltage, when a preset second
standby time longer than the first standby time elapses
after the ignition operation of the spark plug is started,
on the other hand, the control unit determines that the
spark plug is not igniting normally, if the detected primary
voltage does not exceed the second threshold voltage
when the first standby time elapses.

[0015] In the vehicle ignition device,

wherein

the control unit determines that the spark plug is igniting
normally, if the detected energization current exceeds
the preset threshold current, when the preset third stand-
by time elapses after the ignition operation of the spark
plug is started,

on the other hand, the control unit determines that the
spark plug is not igniting normally, if the detected ener-
gizing current does not exceed the threshold current,
when the third waiting time has elapsed.

[0016] In the vehicle ignition device,

wherein the control unit acquires the battery voltage of
the battery and changes the threshold voltage and/or the
threshold current based on the acquired battery voltage.
[0017] In the vehicle ignition device,

wherein the case where the spark plug is not ignited nor-
mally is a case where an open failure has occurred on
the secondary side, a case where the gap width between
the first electrode and the second electrode of the spark
plug is larger than a preset value, a case where foreign
matter is mixed in the gap between the first electrode and
the second electrode, a case where the battery voltage
of the battery is low, or a case where the primary side
open chute failure has occurred.

[0018] In the vehicle ignition device,

wherein the control switching element is a bipolar tran-
sistor that has a collector is connected to the detection
terminal, and has an emitter is connected to the fixed
potential, a base current of the bipolar transistor being
controlled by the drive unit.

[0019] Inthe vehicle ignition device, further comprising
a display unit that is controlled by the control unit, and
displays predetermined information to be provided to a
user,

wherein the control unit displays a result of determining
whether or not the spark plug is normally ignited on the
display unit.

[0020] In the vehicle ignition device,

wherein the vehicle ignition device is loaded on a motor-
cycle, and
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wherein the control unit controls the operation of the en-
gine of the motorcycle.

[0021] In the vehicle ignition device,

wherein the control unit stops an operation of an injector
thatinjects fuel into a combustion chamber of the engine,
if the control unit determines that the spark plug is not
igniting normally, based on the voltage comparison result
and/or the current comparison result.

[0022] Inthe vehicle ignition device, further comprising
a main switch that is connected between the positive
electrode of the battery and the battery terminal, the main
switch is controlled on / off by a user,

wherein, when the main switch is turned on, the control
unit starts ignition control of the spark plug.

[0023] An ignition control device, according to an em-
bodimentaccording to an aspect of the present invention,
applied to a vehicle ignition device thatincludes: a battery
terminal to which an ignition voltage is supplied from a
battery; a primary side ignition coil that has one end con-
nected to the battery terminal, and has the other end
connected to the detection terminal; a secondary side
ignition coil that has one end is connected to the battery
terminal, and has the other end is connected to a plug
terminal, the secondary side ignition coil constituting a
transformer together with the primary side ignition coil;
and a spark plug that has a first electrode connected to
the plug terminal, and has a second electrode connected
to a fixed potential,

the ignition control device comprising:

a control switching element that has one end con-
nected to the detection terminal, and has the other
end connected to the fixed potential;

a detector that detects a primary voltage of the de-
tection terminal or an energizing current flowing from
the detection terminal to the control switching ele-
ment;

a drive unit that drives the control switching element
to control the control switching element on or off; and
a control unit that controls the control switching ele-
ment by the drive unit, based on a value of the pri-
mary voltage and/or a value of the energizing current
detected by the detector,

wherein the control unit determines whether or not
the spark plug is normally ignited, based on a voltage
comparison result comparing the value of the prima-
ry voltage detected by the detector with a preset
threshold voltage and/or a current comparison result
comparing the value of the energizing current de-
tected by the detector with a preset threshold current,
in a preset detection period.

[0024] A control method of a vehicle ignition device,
according to an embodiment according to an aspect of
the present invention, the vehicle ignition device that in-
cludes: a battery terminal to which an ignition voltage is
supplied from a battery; a primary side ignition coil that
has one end connected to the battery terminal, and has
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the other end connected to the detection terminal; a sec-
ondary side ignition coil that has one end is connected
to the battery terminal, and has the other end is connect-
ed to a plug terminal, the secondary side ignition coil
constituting a transformer together with the primary side
ignition coil; a spark plug that has a first electrode con-
nected to the plug terminal, and has a second electrode
connected to a fixed potential; a control switching ele-
ment that has one end connected to the detection termi-
nal, and has the other end connected to the fixed poten-
tial; a detector that detects a primary voltage of the de-
tection terminal or an energizing current flowing from the
detection terminal to the control switching element; a
drive unit that drives the control switching elementto con-
trol the control switching element on or off; a control unit
that controls the control switching element by the drive
unit, based on a value of the primary voltage and/or a
value of the energizing current detected by the detector,
wherein the control unit determines whether or not the
spark plug is normally ignited, based on a voltage com-
parison result comparing the value of the primary voltage
detected by the detector with a preset threshold voltage
and/or a current comparison result comparing the value
of the energizing current detected by the detector with a
preset threshold current, in a preset detection period.

[Effects of the Invention]

[0025] Asdescribed above, theignitiondevice, accord-
ing to one aspect of the present invention, includes: a
battery terminal to which an ignition voltage is supplied
from a battery; a primary side ignition coil that has one
end connected to the battery terminal, and has the other
end connected to the detection terminal; a secondary
side ignition coil that has one end is connected to the
battery terminal, and has the other end is connected to
the plug terminal, the secondary side ignition coil consti-
tuting a transformer together with the primary side ignition
coil; a spark plug that has a first electrode (a center elec-
trode) P1 connected to the plug terminal, and has a sec-
ond electrode (a ground electrode) connected to a fixed
potential (aground potential); a control switching element
that has one end connected to the detection terminal,
and has the other end connected to the fixed potential;
a detector that detects a primary voltage of the detection
terminal or an energizing current flowing from the detec-
tion terminal to the control switching element; a drive unit
that drives the control switching element to control the
control switching element on or off; and a control unit that
controls the control switching element by the drive unit,
based on a value of the primary voltage and/or a value
of the energizing current detected by the detector.

[0026] Then, the control unit determines whether or
not the spark plug is normally ignited, based on the volt-
age comparison result comparing the value of the primary
voltage detected by detector with the preset threshold
voltage, and/or the current comparison result comparing
the value of the energizing current detected by detector
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with the preset threshold current, in the preset detection
period.

[0027] That is, according to the ignition device of the
present invention, it is possible to determine whether or
not spark discharge is normal based on the voltage value
(the currentvalue) and application time during the ignition
operation on the primary side.

[Brief Description of the Drawings]
[0028]

[FIG. 1] FIG. 1 is a diagram showing an example of
the configuration of the vehicle ignition device 100
according to the first embodiment.

[FIG. 2] FIG. 2 is a diagram showing an example of
waveforms of the primary voltage of the detection
terminal TC, the energizing current flowing through
the detection terminal TC, and the secondary voltage
of the plug terminal TP, when the energizing current
is small, the gap width is normal, and the ignition is
normal.

[FIG. 3] FIG. 3 is a diagram showing an example of
waveforms of the primary voltage of the detection
terminal TC, the energizing current flowing through
the detection terminal TC, and the secondary voltage
of the plug terminal TP, when the energizing current
is large, the gap width is normal, and the ignition is
normal.

[FIG. 4] FIG. 4 is a diagram showing an example of
waveforms of the primary voltage of the detection
terminal TC, the energizing current flowing through
the detection terminal TC, and the secondary voltage
of the plug terminal TP, when the energizing current
is large, the gap width is large, and the ignition is
normal.

[FIG. 5] FIG. 5 is a diagram showing an example of
waveforms of the primary voltage of the detection
terminal TC, the energizing current flowing through
the detection terminal TC, and the secondary voltage
of the plug terminal TP, when the energizing current
is small and the ignition is poor.

[FIG. 6] FIG. 6 is a diagram showing an example of
awaveform in which the time of FIG. 5 is lengthened.
[FIG. 7] FIG. 7 is a diagram showing an example of
waveforms of the primary voltage of the detection
terminal TC, the energizing current flowing through
the detection terminal TC, and the secondary voltage
of the plug terminal TP, when the energizing current
is large and the ignition is poor.

[Best Mode for Carrying Out the Invention]
[0029] In the following, an embodiment of the present

invention will be described with reference to the draw-
ings.
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[First embodiment]

[0030] FIG. 1is a diagram showing an example of the
configuration of the vehicle ignition device 100 according
to the first embodiment.

[0031] The vehicle ignition device 100 according to the
firstembodimentis loaded on a two-wheeled vehicle (not
shown), and the control unit CNT is designed to control
the operation of the engine (internal combustion engine)
E of the two-wheeled vehicle.

[0032] Note thatthis vehicle ignition device 100 is load-
ed on a four-wheeled vehicle (not shown), and the control
unit CNT may control the operation of the engine (internal
combustion engine) E of the four-wheeled vehicle.
[0033] For example, as shown in FIG. 1, this vehicle
ignition device 100 includes a battery terminal TB, a pri-
mary side ignition coil L1, a secondary side ignition coil
L2,aspark plug P, aninjector E, adisplay unitA, a control
switching element CSW, a detector C, a drive unit D, a
main switch MSW, and a control unit CNT.

[0034] Note that, for example, as shown in FIG. 1, the
control switching elements CSW, detector C, drive unit
D, and control unit CNT constitute an ignition control unit
(ignition control device) X.

[0035] Then, as shownin FIG. 1, for example, the bat-
tery terminal TB is supplied with an ignition voltage from
the battery B, which is a DC power source.

[0036] Furthermore, as shown in FIG. 1, the primary
side ignition coil L1 has one end that is connected to the
battery terminal TB, and has the other end that is con-
nected to the detection terminal TC.

[0037] Furthermore, as shown in FIG. 1, for example,
of the secondary side ignition coil L2 has one end that is
connected to the battery terminal TB, and has the other
end that is connected to the plug terminal TP.

[0038] This secondary side ignition coil L2 constitutes
a transformer X together with the primary side ignition
coil L1.

[0039] Furthermore, for example, as shown in FIG. 1,
the spark plug P has a first electrode (a center electrode)
Plconnected to the plug terminal (a ground electrode) TP
and a second electrode P2 connected to a fixed potential
(a ground potential).

[0040] Furthermore, for example, as shown in FIG. 1,
the main switch MSW is connected between the positive
electrode of the battery B and the battery terminal TB.
The main switch MSW is controlled to be turned on / off
by the user.

[0041] Forexample, as described later, when this main
switch MSW is turned on, the control unit CNT starts ig-
nition control of the spark plug P by supplying electric
power from the battery B. On the other hand, when the
main switch MSW s turned off, the control unit CNT stops
the control operation by stopping the supply of electric
power from the battery B.

[0042] In addition, the display unit A is designed to dis-
play predetermined information to be provided to the us-
er, by controlled by the control unit CNT.
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[0043] As will be described later, the control unit CNT
causes the display unit A to display the result of deter-
mining whether or not the spark plug P is normally ignited.
[0044] Furthermore, as shown in FIG. 1, for example,
the control switching element CSW has one end that is
connected to the detectionterminal TC, and has the other
end that is connected to the fixed potential (the ground
potential).

[0045] For example, as shown in FIG. 1, this control
switching element CSW is an NPN type bipolar transistor
(IGBT: including an insulated gate type bipolar transis-
tor). The NPN type bipolar transistor has a collector that
is connected to the detection terminal TC, and an emitter
thatis connected to the fixed potential (ground potential).
In the NPN type bipolar transistor, the base current is
controlled by the drive unit D.

[0046] Furthermore, as shown in FIG. 1, the detector
Cis adapted to detect the primary voltage of the detection
terminal TC or the energizing current flowing from the
detection terminal TC to the control switching element
CSW.

[0047] Furthermore, the drive unit D drives the control
switching element CSW to control the control switching
element CSW on or off, by controlling the base current
supplied to the control switching element CSW.

[0048] Furthermore, the control unit CNT controls the
control switching element CSW by the drive unit D, based
on the value of the primary voltage detected by detector
C and / or the value of the energizing current described
above.

[0049] This control unit CNT is configured to determine
whether or not the spark plug P is normally ignited, based
on a voltage comparison result comparing the value of
the primary voltage detected by detector C with a preset
threshold voltage, and/or a current comparison result
comparing the value of the energizing current detected
by detector C with the preset threshold current, ina preset
detection period.

[0050] Then, the control unit CNT is configured to stop
the ignition of the spark plug P by turning off the control
switching element CSW, for example, if the control unit
CNT determines that the spark plug P is not igniting nor-
mally, based on the voltage comparison result and/or the
current comparison result described above.

[0051] In this way, the vehicle ignition device 100 is
configured to stop ignition in the event of an abnormality.
[0052] Note that, as will be described later, the values
of the threshold voltage and/or the threshold current de-
scribed above may be changed, depend on the energiz-
ing current or battery voltage value, by monitoring the
energizing current or battery voltage at the same time.
As a result, the accuracy of abnormality detection (the
accuracy of the detection of ignition failure) can be im-
proved.

[0053] Here, for example, the control unit CNT may
determine that the spark plug P is not igniting normally,
if the period during which the detected primary voltage
exceeds the threshold voltage is equal to or longer than
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the preset reference time, in the detection period.
[0054] On the other hand, the control unit CNT may
determine that the spark plug P is igniting normally, if the
period during which the detected primary voltage ex-
ceeds the above-mentioned threshold voltage is less
than the reference time in the detection period.

[0055] Furthermore, for example, the control unit CNT
may determine that the spark plug P is not igniting nor-
mally, if the detected primary voltage exceeds the preset
first threshold voltage (for example, 400V) when the pre-
set first standby time has elapsed after the ignition oper-
ation of the spark plug P is started.

[0056] On the other hand, the control unit CNT may
determine that the spark plug P is igniting normally, if the
detected primary voltage does not exceed the first thresh-
old voltage when the first standby time has elapsed.
[0057] Furthermore, for example, the control unit CNT
may determine that the spark plug P is normally ignited,
when the detected primary voltage exceeds the preset
second threshold voltage (for example, 0V), at the timing
when the preset second standby time longer than the
first standby time elapses after the ignition operation of
the spark plug P is started.

[0058] On the other hand, the control unit CNT may
determine that the spark plug P is not igniting normally,
if the detected primary voltage does not exceed the sec-
ond threshold voltage, when the first waiting time has
elapsed.

[0059] Furthermore, for example, the control unit CNT
may determine that the spark plug P is normally ignited,
if the detected energizing current exceeds a preset
threshold current, when the preset third standby time has
elapsed after the ignition operation of the spark plug P
is started.

[0060] On the other hand, the control unit CNT may
determine that the spark plug P is not igniting normally,
if the detected energizing current does not exceed the
above-mentioned threshold current, when the third wait-
ing time has elapsed.

[0061] Furthermore, the control unit CNT may acquire
the battery voltage of the battery B and change the above-
mentioned threshold voltage and/or the above-men-
tioned threshold current, based on the acquired battery
voltage.

[0062] The case where the spark plug P is not igniting
normally (ignition failure) is, for example, a case where
an open failure has occurred on the secondary side, a
case where the gap width between the first electrode P1
and the second electrode P2 of the spark plug P is larger
than the preset value, or a case where the foreign matter
(the insulating material) is mixed in the gap between the
first electrode P1 and the second electrode P2.

[0063] As described above, when the main switch
MSW is turned on, this control unit CNT starts ignition
control of the spark plug P by supplying electric power
from the battery B.

[0064] Further, as described above, the control unit
CNT displays, the result of determining whether or not
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the spark plug P is normally ignited, on the display unit A.
[0065] Note that the control unit CNT is designed to
stop the operation of the injector F that injects fuel into
the combustion chamber of the engine E, if the control
unit CNT determines that the spark plug P is not igniting
normally, based on the voltage comparison result and/or
the current comparison result.

[0066] As described above, the vehicle ignition device
100 according to the first embodiment can determine
whether or not the spark is normally discharged, based
on the voltage value (the current value) and application
time during ignition operation on the primary side.
[0067] Next, an example of a control method for the
vehicle ignition device 100 having the above configura-
tion will be described. Here, FIG. 2 is a diagram showing
an example of waveforms of the primary voltage of the
detection terminal TC, the energizing current flowing
through the detection terminal TC, and the secondary
voltage of the plug terminal TP, when the energizing cur-
rent is small, the gap width is normal, and the ignition is
normal. FIG. 3 is a diagram showing an example of wave-
forms of the primary voltage of the detection terminal TC,
the energizing current flowing through the detection ter-
minal TC, and the secondary voltage of the plug terminal
TP, when the energizing current is large, the gap width
is normal, and the ignition is normal. FIG. 4 is a diagram
showing an example of waveforms of the primary voltage
of the detection terminal TC, the energizing current flow-
ing through the detection terminal TC, and the secondary
voltage of the plug terminal TP, when the energizing cur-
rent is large, the gap width is large, and the ignition is
normal. FIG. 5is a diagram showing an example of wave-
forms of the primary voltage of the detection terminal TC,
the energizing current flowing through the detection ter-
minal TC, and the secondary voltage of the plug terminal
TP, when the energizing current is small and the ignition
is poor. FIG. 6 is a diagram showing an example of a
waveform in which the time of FIG. 5 is lengthened. FIG.
7 is a diagram showing an example of waveforms of the
primary voltage of the detection terminal TC, the ener-
gizing current flowing through the detection terminal TC,
and the secondary voltage of the plug terminal TP, when
the energizing current is large and the ignition is poor.
[0068] Note that, in FIGS. 2 to 7, the time t0 is the time
when the control unit CNT starts the ignition operation
by turning on the control switching element CSW by the
drive unit D.

[0069] Furthermore, in FIGS. 2 to 7, the threshold volt-
age is the same value as the first threshold voltage TH1
for the sake of simplicity. However, the threshold voltage
may be set to a value different from the first threshold
voltage TH1.

[0070] As described above, the case where the spark
plug P is not ignited normally (the ignition failure has oc-
curred) is, for example, a case where an open failure has
occurred on the secondary side, a case where the gap
width between the first electrode P1 and the second elec-
trode P2 of the spark plug P is larger than a preset value,
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acase where foreign matter (insulating material) is mixed
in the gap between the first electrode P1 and the second
electrode P2, a case where the battery voltage of battery
B is low, or a case where the primary side open chute
failure has occurred.

[0071] As described above, the control unit CNT con-
trols the control switching element CSW by the drive unit
D, based on the value of the primary voltage detected by
detector C and/or the value of the energizing current.
[0072] This control unit CNT determines whether or
not the spark plug P is normally ignited, based on A volt-
age comparison result comparing the value of the primary
voltage detected by detector C with the preset threshold
voltage, and/or the current comparison result comparing
the value of the energizing current detected by detector
C with the preset threshold current (not shown), in the
preset detection period (for example, time t0 to time t1).
[0073] Note that the control unit CNT acquires the bat-
tery voltage of the battery B and changes the above-
mentioned threshold voltage and/or the above-men-
tioned threshold current, based on the acquired battery
voltage.

[0074] Then, the control unit CNT stops the ignition of
the spark plug P by turning off the control switching ele-
ment CSW, if the control unit CNT determines that the
spark plug P is not igniting normally, for example, based
onthe voltage comparisonresultand/or the currentcom-
parison result described above.

[0075] Inthisway, the vehicle ignition device 100 stops
ignition when an abnormality occurs.

[0076] As described above, when the main switch
MSW is turned on, this control unit CNT starts ignition
control of the spark plug P by supplying electric power
from the battery B.

[0077] Furthermore, as described above, the control
unit CNT displays the result of judging whether or not the
spark plug P is normally ignited, on the display unit A.
[0078] Note that the control unit CNT stops the oper-
ation of the injector F that injects fuel into the combustion
chamber of the engine E, if the control unit CNT deter-
mines that the spark plug is not igniting normally, based
on the voltage comparison result and/or the current com-
parison result.

[0079] Here, for example, the control unit CNT deter-
mines that the spark plug P is not igniting normally (Fig.
5, Fig. 6, and Fig. 7), if the period during which the de-
tected primary voltage exceeds the threshold voltage is
equal to or longer than the preset reference time, in the
detection period (for example, time t0 to time t1).
[0080] On the other hand, the control unit CNT deter-
mines that the spark plug P is igniting normally (Fig. 2,
Fig. 3, and Fig. 4), if the period during which the detected
primary voltage exceeds the above-mentioned threshold
voltage is less than the reference time, in the detection
period (for example, time t0 to time t1).

[0081] Also, for example, the control unit CNT deter-
mines that the spark plug P is not igniting normally (Fig.
5, Fig. 6, and Fig. 7), if the detected primary voltage ex-
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ceeds the presetfirst threshold voltage TH1 (for example,
400 V), when the preset first standby time (for example,
30 psec) elapses (for example, time t1) after the ignition
operation of the spark plug P is started.

[0082] On the other hand, the control unit CNT deter-
mines that the spark plug P is igniting normally (Fig. 2,
Fig. 3, and Fig. 4), if the detected primary voltage does
not exceed the first threshold voltage, when the first wait-
ing time has elapsed.

[0083] . In this case, the hardware configuration of the
vehicle ignition device 100 can be facilitated, since it is
possible to determine by voltage ("High" level / "Low"
level) instead of determining by continuous time.

[0084] Note that the control unit CNT may change the
first standby time according to, for example, the value of
the energizing current (or the battery voltage).

[0085] Also, for example, the control unit CNT deter-
mines that the spark plug P is igniting normally (Fig. 2,
Fig.3,andFig. 4), ifthe detected primary voltage exceeds
the preset second threshold voltage (for example,
0V)TH2, when a preset second standby time (for exam-
ple, 80 psec) longer than the first standby time has
elapsed (for example, time t2) after the ignition operation
of the spark plug P is started (the time t0).

[0086] On the other hand, the control unit CNT deter-
mines that the spark plug P is not igniting normally (Fig.
5, Fig. 6, and Fig. 7), if the detected primary voltage does
not exceed the second threshold voltage when the first
standby time has elapsed.

[0087] In this case, if the detected primary voltage is
negative, it is determined that the spark plug P is not
igniting normally. When ignition is defective, the current
flows in the negative direction, thereby the detection is
possible in this way.

[0088] Note that the control unit CNT may change the
second standby time according to, for example, the value
of the energizing current (or the battery voltage).

[0089] Also, for example, the control unit CNT deter-
mines that the spark plug P is igniting normally (FIG. 2),
if the detected energizing current exceeds the preset
threshold current (for example, 0A) THX (the detected
energizing current is a positive current), when the preset
third standby time (the time t3) elapses after the ignition
operation of the spark plug P is started.

[0090] On the other hand, the control unit CNT deter-
mines that the spark plug P is not igniting normally (Fig.
5 and Fig. 6), if the detected energizing current does not
exceed the above-mentioned threshold current (the de-
tected energizing current is a negative current) when the
third standby time (the time t3) elapses.

[0091] In this way, by checking the energizing current
after ignition, when ignition is defective, current flows in
the negative direction, so it can be detected.

[0092] Note that the control unit CNT may change the
third standby time according to, for example, the value
of the energizing current (or the battery voltage).

[0093] As described above, as shown in Fig. 1, the
vehicle ignition device 100 includes: a battery terminal
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TB to which an ignition voltage is supplied from a battery
B; a primary side ignition coil L1 that has one end con-
nected to the battery terminal TB, and has the other end
connected to the detection terminal TC; a secondary side
ignition coil L2 that has one end is connected to the bat-
tery terminal TB, and has the other end is connected to
the plug terminal TP, the secondary side ignition coil L2
constituting a transformer together with the primary side
ignition coil L1; a spark plug P that has a first electrode
(a center electrode) P1 connected to the plug terminal,
and has a second electrode (a ground electrode) P2 con-
nected to a fixed potential (a ground potential); a control
switching element CSW that has one end connected to
the detection terminal TC, and has the other end con-
nected to the fixed potential; a detector C that detects a
primary voltage of the detection terminal TC or an ener-
gizing current flowing from the detection terminal to the
control switching element CSW; a drive unit D that drives
the control switching element to control the control
switching element on or off; and a control unit CNT that
controls the control switching element CSW by the drive
unit D, based on a value of the primary voltage and/or a
value of the energizing current detected by the detector
C.

[0094] Then, the control unit CNT determines whether
or not the spark plug P is normally ignited, based on the
voltage comparison result comparing the value of the pri-
mary voltage detected by detector C with the preset
threshold voltage, and/or the current comparison result
comparing the value of the energizing current detected
by detector C with the preset threshold current, in the
preset detection period.

[0095] That is, according to the vehicle ignition device
100 according to the first embodiment, it is possible to
determine whether or not the spark is normally dis-
charged, based on the voltage value (the current value)
and application time during ignition operation on the pri-
mary side.

[Second embodiment]

[0096] In the above-described first embodiment, the
example in which the control switching element CSW is
an NPN type bipolar transistor has been described (FIG.
1), but other semiconductor elements may be applied.
[0097] Thatis, the control switching element CSW may
be replaced with, for example, a PNP type bipolar tran-
sistor MOSFET (including IGBT: Insulated gate type bi-
polar transistor), or another semiconductor element so
that the same function can be performed.

[0098] Note that the configuration of the other vehicle
ignition device in the second embodiment is the same as
that in the first embodiment.

[0099] Asdescribedabove, theignitiondevice, accord-
ing to one aspect of the present invention, includes: a
battery terminal TB to which an ignition voltage is sup-
plied from a battery B; a primary side ignition coil L1 that
has one end connected to the battery terminal TB, and
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has the other end connected to the detection terminal
TC; a secondary side ignition coil L2 that has one end is
connected to the battery terminal TB, and has the other
end is connected to the plug terminal TP, the secondary
side ignition coil L2 constituting a transformer together
with the primary side ignition coil L1; a spark plug P that
has a first electrode (a center electrode) P1 connected
to the plug terminal, and has a second electrode (a
ground electrode) P2 connected to a fixed potential (a
ground potential); a control switching element CSW that
has one end connected to the detection terminal TC, and
has the other end connected to the fixed potential; a de-
tector C that detects a primary voltage of the detection
terminal TC or an energizing current flowing from the
detection terminal to the control switching element CSW;
a drive unit D that drives the control switching element
to control the control switching element on or off; and a
control unit CNT that controls the control switching ele-
ment CSW by the drive unit D, based on a value of the
primary voltage and/or a value of the energizing current
detected by the detector C.

[0100] Then, the control unit CNT determines whether
or not the spark plug P is normally ignited, based on the
voltage comparison result comparing the value of the pri-
mary voltage detected by detector C with the preset
threshold voltage, and/or the current comparison result
comparing the value of the energizing current detected
by detector C with the preset threshold current, in the
preset detection period.

[0101] That is, according to the ignition device of the
present invention, it is possible to determine whether or
not spark discharge is normal based on the voltage value
(the currentvalue) and application time during the ignition
operation on the primary side.

[0102] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. The embodiments may be em-
bodied in a variety of other forms. Furthermore, various
omissions, substitutions and changes in the form of the
methods and systems described herein may be made
without departing from the spirit of the inventions. The
embodiments and their modifications are included in the
scope and the subject matter of the invention, and at the
same time included inthe scope of the claimedinventions
and their equivalents.

[Explanation of References]
[0103]

100 vehicle ignition device

TB battery terminal

L1 primary side ignition coil

L2 secondary side ignition coil
P spark plug

A display unit

CSW control switching element
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C detector

D drive unit

MSW main switch

CNT control unit

E engine

F injector

TP plug terminal

P1 first electrode (center electrode)
P2 second electrode (ground electrode)
X transformer

B battery

Claims

A vehicle ignition device, comprising:

a battery terminal to which an ignition voltage is
supplied from a battery;

a primary side ignition coil that has one end con-
nected to the battery terminal, and has the other
end connected to the detection terminal;

a secondary side ignition coil that has one end
is connected to the battery terminal, and has the
other end is connected to a plug terminal, the
secondary side ignition coil constituting a trans-
former together with the primary side ignition
coil;

a spark plug that has a first electrode connected
to the plug terminal, and has a second electrode
connected to a fixed potential;

a control switching element that has one end
connected to the detection terminal, and has the
other end connected to the fixed potential;

a detector that detects a primary voltage of the
detection terminal or an energizing current flow-
ing from the detection terminal to the control
switching element;

a drive unit that drives the control switching el-
ement to control the control switching element
on or off; and

a control unit that controls the control switching
element by the drive unit, based on a value of
the primary voltage and/or a value of the ener-
gizing current detected by the detector,
wherein the control unit determines whether or
not the spark plug is normally ignited, based on
a voltage comparison result comparing the val-
ue of the primary voltage detected by the detec-
tor with a preset threshold voltage and/or a cur-
rent comparison result comparing the value of
the energizing current detected by the detector
with a preset threshold current, in a preset de-
tection period.

2. The vehicle ignition device according to claim 1,

wherein the control unit turns off the control switching
element and stops the ignition of the spark plug, if
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the control unit determines that the spark plug is not
igniting normally, based on the voltage comparison
result and/or the current comparison result.

The vehicle ignition device according to claim 2,
wherein

the control unit determines that the spark plug is not
igniting normally, when the period in which the de-
tected primary voltage exceeds the threshold volt-
age is equal to or longer than a preset reference
time, in the detection period,

on the other hand, the control unit determines that
the spark plug is igniting normally, when the period
in which the detected primary voltage exceeds the
threshold voltage is less than the reference time, in
the detection period.

The vehicle ignition device according to claim 2,
wherein

the control unit determines that the spark plug is not
igniting normally, if the detected primary voltage ex-
ceeds a preset first threshold voltage, when the pre-
set first standby time elapses after the ignition oper-
ation of the spark plug is started,

on the other hand, the control unit determines that
the spark plug is igniting normally, if the detected
primary voltage does not exceed the first threshold
voltage after the first standby time has elapsed.

The vehicle ignition device according to claim 2,
wherein

the control unit determines that the spark plug is ig-
niting normally, if the detected primary voltage ex-
ceeds a preset second threshold voltage, when a
preset second standby time longer than the first
standby time elapses after the ignition operation of
the spark plug is started,

on the other hand, the control unit determines that
the spark plug is not igniting normally, if the detected
primary voltage does not exceed the second thresh-
old voltage when the first standby time has elapsed.

The vehicle ignition device according to claim 2,
wherein

the control unit determines that the spark plug is ig-
niting normally, if the detected energization current
exceeds the preset threshold current, when the pre-
set third standby time elapses after the ignition op-
eration of the spark plug is started,

on the other hand, the control unit determines that
the spark plug is not igniting normally, if the detected
energizing current does not exceed the threshold
current, when the third waiting time has elapsed.

The vehicle ignition device according to claim 2,

wherein the control unit acquires the battery voltage
of the battery and changes the threshold voltage
and/or the threshold current based on the acquired
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battery voltage.

The vehicle ignition device according to claim 2,
wherein the case where the spark plug is not ignited
normally is a case where an open failure has oc-
curred on the secondary side, a case where the gap
width between the first electrode and the second
electrode of the spark plug is larger than a preset
value, a case where foreign matter is mixed in the
gap between the first electrode and the second elec-
trode, a case where the battery voltage of the battery
is low, or a case where the primary side open chute
failure has occurred.

The vehicle ignition device according to claim 2,
wherein the control switching element is a bipolar
transistor that has a collector is connected to the
detection terminal, and has an emitter is connected
to the fixed potential, a base current of the bipolar
transistor being controlled by the drive unit.

The vehicle ignition device according to claim 2, fur-
ther comprising a display unit that is controlled by
the control unit, and displays predetermined infor-
mation to be provided to a user,

wherein the control unit displays a result of deter-
mining whether or not the spark plug is normally ig-
nited on the display unit.

The vehicle ignition device according to claim 2,
wherein the vehicle ignition device is loaded on a
motorcycle, and wherein the control unit controls the
operation of the engine of the motorcycle.

The vehicle ignition device according to claim 11,
wherein the control unit stops an operation of an in-
jector that injects fuel into a combustion chamber of
the engine, if the control unit determines that the
spark plug is not igniting normally, based on the volt-
age comparison result and/or the current compari-
son result.

The vehicle ignition device according to claim 2, fur-
ther comprising a main switch that is connected be-
tween the positive electrode of the battery and the
battery terminal, the main switch is controlled on /
off by a user,

wherein, when the main switch is turned on, the con-
trol unit starts ignition control of the spark plug.

Anignition control device applied to a vehicle ignition
device that includes: a battery terminal to which an
ignition voltage is supplied from a battery; a primary
side ignition coil that has one end connected to the
battery terminal, and has the other end connected
to the detection terminal; a secondary side ignition
coil that has one end is connected to the battery ter-
minal, and has the other end is connected to a plug
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10

terminal, the secondary side ignition coil constituting
a transformer together with the primary side ignition
coil; and a spark plug that has a first electrode con-
nected to the plug terminal, and has a second elec-
trode connected to a fixed potential,

the ignition control device comprising:

a control switching element that has one end
connected to the detection terminal, and has the
other end connected to the fixed potential;

a detector that detects a primary voltage of the
detection terminal or an energizing current flow-
ing from the detection terminal to the control
switching element;

a drive unit that drives the control switching el-
ement to control the control switching element
on or off; and

a control unit that controls the control switching
element by the drive unit, based on a value of
the primary voltage and/or a value of the ener-
gizing current detected by the detector,
wherein the control unit determines whether or
not the spark plug is normally ignited, based on
a voltage comparison result comparing the val-
ue of the primary voltage detected by the detec-
tor with a preset threshold voltage and/or a cur-
rent comparison result comparing the value of
the energizing current detected by the detector
with a preset threshold current, in a preset de-
tection period.

15. A control method of a vehicle ignition device that

includes: a battery terminal to which an ignition volt-
age is supplied from a battery; a primary side ignition
coil that has one end connected to the battery termi-
nal, and has the other end connected to the detection
terminal; a secondary side ignition coil that has one
end is connected to the battery terminal, and has the
other end is connected to a plug terminal, the sec-
ondary side ignition coil constituting a transformer
together with the primary side ignition coil; a spark
plug that has a first electrode connected to the plug
terminal, and has a second electrode connected to
a fixed potential; a control switching element that has
one end connected to the detection terminal, and
has the other end connected to the fixed potential;
a detector that detects a primary voltage of the de-
tection terminal or an energizing current flowing from
the detection terminal to the control switching ele-
ment; a drive unit that drives the control switching
element to control the control switching element on
or off; acontrol unitthat controls the control switching
element by the drive unit, based on a value of the
primary voltage and/or a value of the energizing cur-
rent detected by the detector,

wherein the control unit determines whether or not
the spark plug is normally ignited, based on a voltage
comparison result comparing the value of the prima-
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ry voltage detected by the detector with a preset
threshold voltage and/or a current comparison result
comparing the value of the energizing current de-
tected by the detectorwith a preset threshold current,
in a preset detection period.
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