(19) Europaisches

Patentamt Hllm”‘ ‘llH H“‘ Hll‘ |H‘| ‘lm |”H ‘”H Hl‘l |”H |‘|H |‘H| |H‘| Hll‘
European

Patent Office

Office européen

(11) EP 1939 435 Al
(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC
(43) Date of publication: (51) IntCl.:
02.07.2008 Bulletin 2008/27 F02D 45/00 (29%6.01) FO02P 15/08 (2006.0)
FO2P 17/12 (2006.01)

(21) Application number: 06811530.2
(86) International application number:

(22) Date of filing: 10.10.2006 PCT/JP2006/320218
(87) International publication number:;
WO 2007/046270 (26.04.2007 Gazette 2007/17)

(72) Inventor: MIYASHITA, Shigeki
Toyota-shi, Aichi 471-8571 (JP)

(84) Designated Contracting States:
DE FR
(30) Priority: 17.10.2005 JP 2005302243 (74) Representative: Intes, Didier Gérard André
Cabinet Beau de Loménie
158, rue de 'Université
75340 Paris Cedex 07 (FR)

(71) Applicant: TOYOTA JIDOSHA KABUSHIKI
KAISHA
Toyota-shi
Aichi 471-8571 (JP)

(54) IGNITION DEVICE FOR INTERNAL COMBUSTION ENGINE

EP 1939435 A1

(57)  Anignition apparatus which allows for an accu-
rate diagnosis of a spark plug in an internal combustion
engine provided with plural spark plugs for each cylinder
is provided for an internal combustion engine. The igni-
tion apparatus is for an internal combustion engine pro-
vided with plural spark plugs for each cylinder, and in-

cludes an input port which receives fail signals (S3, S4)
generated corresponding to each of the plural spark
plugs for diagnosis of the spark plugs. An input timing of
the fail signal to the input port is made different for each
of the plural fail signals. Ignition timings (S1, S2) of the
plural spark plugs are set to different times.
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Description
TECHNICAL FIELD

[0001] The present invention relates to an ignition ap-
paratus for an internal combustion engine.

BACKGROUND ART

[0002] Japanese Patent Application Laid-Open No.
S63-205460 (Patent Document 1) describes that, in an
internal combustion engine which includes plural cylin-
ders each provided with one spark plug for an ignition
thereof, anignition control signal (ignition signal) is output
at different timing for each spark plug of the cylinder so
that the ignition control signals of the respective spark
plugs of the cylinders do not overlap with each other.
[0003] Japanese Patent Application Laid-Open No.
H08-128381 (Patent Document 2) discloses an ignition
apparatus for an internal combustion engine, wherein the
ignition apparatus outputs an ignition signal from an ECU
to an igniter, and detects an ignition state based on a fail
signal returned from the igniter. In the above ignition ap-
paratus, a single signal line is employed as both a signal
line for the ignition signal and a signal line for the fail
signal; and when the fail signal overlaps with the ignition
signal, the level of the fail signal is lowered relative to the
level of the ignition signal.

[0004]

Patent Document 1: Japanese Patent Application
Laid-Open No. S63-205460
Patent Document 2: Japanese Patent Application
Laid-Open No. H08-128381

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0005] In a conventional internal combustion engine
provided with a single spark plug for each cylinder and
a single, shared IGF port (IGF detection device) for all
cylinders for failure detection, an output timing of the ig-
nition signal is made different for each spark plug of the
cylinder so that the ignition signals for different spark
plugs of the cylinders do not overlap with each other.
Thus, the returning fail signals corresponding to the re-
spective ignition signals do not overlap with each other
on entering the IGF port in the ignition apparatus, where-
by an accurate diagnosis can be made for each spark
plug with the single IGF port.

[0006] Wohen the internal combustion engine is provid-
ed with plural spark plugs for each cylinder, however,
plural spark plugs corresponding to one cylinder may be
ignited simultaneously, resulting in concurrent return of
the fail signals; then, at an occurrence of malfunction, a
single IGF port is not sufficient to identify the spark plug
which causes the malfunction. It is possible to provide
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plural IGF ports for failure detection in the internal com-
bustion engine provided with plural spark plugs for each
cylinder so that each ignition device can be checked for
proper ignition. Such an arrangement, however, increas-
es required costs and spaces.

[0007] The technique disclosed in Patent Document 1
does not presuppose application in a multi-spark plugs
ignition apparatus provided with plural spark plugs con-
trolled to be ignited simultaneously. When the technique
of Patent Document 1 is applied to a multi-spark plugs
ignition apparatus, in which the number of IGF ports for
failure detectionis smaller than the number of spark plugs
(for example, a system having only one IGF port), if the
ignition signals are output simultaneously, plural fail sig-
nals overlap with each other on entering the IGF port,
whereby the diagnosis of coils and spark plugs may not
be made accurately.

[0008] An object of the present invention is to provide
an ignition apparatus for an internal combustion engine
provided with plural spark plugs for each cylinder, where-
in an accurate diagnosis of the spark plugs can be real-
ized.

MEANS FOR SOLVING PROBLEM

[0009] Anignition apparatus for aninternal combustion
engine according to the present invention is an ignition
apparatus for an internal combustion engine provided
with plural spark plugs for each cylinder, and the ignition
apparatusincludes an input port that receives a fail signal
generated corresponding to each of the plural spark
plugs for a diagnosis of the spark plugs, wherein an input
timing to the input port is set differently timewise for each
of the plural fail signals.

[0010] In the ignition apparatus for the internal com-
bustion engine according to the present invention, an ig-
nition timing is set differently timewise for each of the
plural spark plugs.

[0011] In the ignition apparatus for the internal com-
bustion engine according to the presentinvention, a time
elapsed after an ignition timing of the spark plug until an
input of the fail signal corresponding to the spark plug
into the input port is made different timewise for each of
the plural spark plugs.

[0012] In the ignition apparatus for the internal com-
bustion engine according to the present invention, the
ignition timing of the spark plug for which the time is long
is set later than the ignition timing of the spark plug for
which the time is short.

[0013] In the ignition apparatus for the internal com-
bustion engine according to the present invention, a de-
lay element or a delay circuit is provided in a signal line
which conveys part of the plural fail signals up to the input
port.

EFFECT OF THE INVENTION

[0014] According to the presentinvention, an accurate
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diagnosis of spark plugs can be made for an internal com-
bustion engine that is provided with plural spark plugs
for each cylinder.

BRIEF DESCRIPTION OF DRAWINGS

[0015]

FIG. 1 is a schematic configuration diagram of an
ignition apparatus for an internal combustion engine
according to a first embodiment of the presentinven-
tion;

FIG. 2 is a waveform chart of ignition signals and fail
signals in the ignition apparatus for the internal com-
bustion engine according to the first embodiment of
the present invention;

FIG. 3 is a schematic configuration diagram of an
ignition apparatus for an internal combustion engine
according to a second embodiment of the present
invention;

FIG. 4 is diagram of a detailed configuration of a
delay circuit in the ignition apparatus for the internal
combustion engine according to the second embod-
iment of the present invention;

FIG. 5 is a waveform chart of ignition signals and fail
signals in the ignition apparatus for the internal com-
bustion engine according to the second embodiment
of the present invention; and

FIG. 6 is a waveform chart of ignition signals and fail
signals in an ignition apparatus for an internal com-
bustion engine according to a third embodiment of
the present invention.

EXPLANATIONS OF LETTERS OR NUMERALS

[0016]

10  Engine

11  First Cylinder
12 Second Cylinder
13  Third Cylinder
14  Fourth Cylinder
21  Spark Plug
22  Spark Plug
23  Spark Plug
24 Spark Plug

25  Spark Plug

26  Spark Plug

27  Spark Plug
28  Spark Plug
31 Ignition Coil
32 lIgnition Coil
33 lIgnition Coil
34  Ignition Coil
35  Ignition Coil
36  Ignition Coil
37  lIgnition Coil
38 Ignition Coil
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40 ECU

41  Ignition-Signal Output Port IGT1A
42 Ignition-Signal Output Port IGT1B
43 Ignition-Signal Output Port IGT2A
44  |gnition-Signal Output Port IGT2B
45  Ignition-Signal Output Port IGT3A
46  Ignition-Signal Output Port IGT3B
47  Ignition-Signal Output Port IGT4A
48  Ignition-Signal Output Port IGT4B
49  IGF Port

50 Fail-Signal Line

51  First Fail-Signal Line

52  Second Fail-Signal Line

60  Delay Circuit

61  Inverter

62  Inverter

63  Capacitor

S1 Ignition Signal

S2  Ignition Signal

S3  Fail Signal

S4  Fail Signal

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0017] Exemplary embodiments of the present inven-
tion will be described in detail below with reference to the
accompanying drawings.

First Embodiment

[0018] Anignition apparatus for aninternal combustion
engine according to a first embodiment will be described
with reference to FIGS. 1 and 2. As shown in FIG. 1, a
four-cylinder engine 10 includes cylinders each having
two spark plugs among spark plugs 21 to 28. Specifically,
afirst cylinder 11 is provided with two spark plugs 21 and
22; and similarly, a second cylinder 12 is provided with
two spark plugs 23 and 24; a third cylinder 13 is provided
with two spark plugs 25 and 26; and a fourth cylinder 14
is provided with two spark plugs 27 and 28.

[0019] The spark plugs 21 to 28 are connected to sec-
ondary coils of ignition coils 31 to 38, respectively. Pri-
mary coils of the ignition coils 31 to 38 are connected to
ignition-signal output ports IGT1A 41 to IGT4B 48, re-
spectively, of an ECU 40. When the ignition signals (elec-
tric currents) are supplied from the ignition-signal output
ports IGT1A 41 to IGT4B 48 to the primary coils of the
ignition coils 31 to 38, high voltage is generated in the
secondary coils of the ignition coils 31 to 38, and the
spark plugs 21 to 28 are ignited. The fail signal is supplied
to a single failure-detecting IGF port 49 of the ECU 40
via a shared fail-signal line 50 in the ignition apparatus.
[0020] Inthe first embodiment, the fail signal is gener-
ated on a trailing edge of the ignition signalin eachignition
device. Therefore, when the plural spark plugs 21 to 28
are to be ignited in the first embodiment, different output
timings are set for the ignition signals, so that the ignition
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occurs at different times. Thus, the fail signals corre-
sponding to the plural spark plugs 21 to 28 are prevented
from overlapping with each other on entering the single
IGF port 49.

[0021] Specifically,as showninFIG. 2, thereisaphase
difference between an output of an ignition signal S1
which is supplied from the ignition-signal output port
IGT1A to the spark plug 21 and an output of an ignition
signal S2 which is supplied from the ignition-signal output
port IGT1B to the spark plug 22. Therefore, a fail signal
S3 generated on a trailing edge of the ignition signal S1
corresponding to the spark plug 21 enters the IGF port
49 at different timing from the entrance of a fail signal S4
generated on a trailing edge of the ignition signal S2 cor-
responding to the spark plug 22 to the IGF port 49.
[0022] Thus, even when fail signals corresponding re-
spectively to the plural spark plugs 21 to 28 are supplied
to the single IGF port 49 via the single fail-signal line 50,
each fail signal always enters the IGF port 49 at a different
time from the entrance of the other fail signals into the
IGF port 49. Therefore, when a malfunction of the ignition
device (including the coil and the spark plug) is detected,
it can be accurately distinguished whether the malfunc-
tion occurs in the ignition device including the spark plug
21 and the coil 31 or in the ignition device including the
spark plug 22 and the coil 32.

Second Embodiment

[0023] Next, a second embodiment will be described
with reference to FIGS. 3 to 5.

In the second embodiment, the description of elements
common to those of the first embodiment will not be re-
peated and elements different from those of the first em-
bodiment alone will be described.

[0024] As shown in FIG. 3, fail signals corresponding
to the first spark plugs 21, 23, 25, and 27 of the respective
cylinders are supplied into the failure-detecting IGF port
49 of the ECU 40 via a first fail-signal line 51, whereas
fail signals corresponding to the second spark plugs 22,
24, 26, and 28 of the respective cylinders are supplied
into the failure-detecting IGF port 49 via a second fail-
signal line 52. A delay circuit 60 is connected to the sec-
ond fail-signal line 52.

[0025] AsshowninFIG.4,the delay circuit 60 includes
two inverters 61 and 62 connectedin series and aground-
ed capacitor 63 connected at an input side of the inverter
61. A signal is delayed while passing through the two
inverters 61 and 62 connected in series.

[0026] Similarly to the first embodiment, the fail signal
is generated on a trailing edge of the ignition signal com-
monly for all the ignition devices according to the second
embodiment. The fail signal passing through the second
fail-signal line 52 and the delay circuit 60, however, is
input to the IGF port 49 at a delayed timing from the input
of the fail signal passing through the first fail-signal line
51. When the plural spark plugs 21 to 28 are to be ignited
in the second embodiment, the ignition signals may be
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output at the same timing so as to make a concurrent
ignition.

[0027] Specifically, as shown in FIG. 5, an output of
the ignition signal S1 supplied from the ignition-signal
output port IGT1A to the spark plug 21 and an output of
the ignition signal S2 supplied from the ignition-signal
output port IGT1B to the spark plug 22 are simultaneous.
Thus, the fail signal S3 generated on the trailing edge of
the ignition signal S1 corresponding to the spark plug 21
and the fail signal S4 generated on the trailing edge of
the ignition signal S2 corresponding to the spark plug 22
are generated in the same time period. However, the
input of the fail signal S4 into the IGF port 49 lags behind
the input of the fail signal S3 by a delay time set by the
delay circuit 60.

[0028] As can be seen from above, since the fail sig-
nals S3 and S4 always enter the IGF port 49 at different
timings, it is possible, when the malfunction is detected
in an ignition device (including the coil and the spark
plug), to accurately distinguish whether a malfunction oc-
curs in the ignition device including the spark plug 21 and
the coil 31 or in the ignition device including the spark
plug 22 and the coil 32.

[0029] In the second embodiment, a position where
the delay circuit 60 is arranged is not limited to the position
shown in FIG. 3. In the configuration as shown in FIG. 3,
the fail signals corresponding to the respective first spark
plugs 21, 23, 25, and 27 of the cylinders pass through
the first fail-signal line 51, the fail signals corresponding
to the respective second spark plugs 22, 24, 26, and 28
of the cylinder pass through the second fail-signal line
52, and the delay circuit 60 is connected to the second
fail-signal line 52. If the ignition signals are output to the
first spark plugs 21, 23, 25, and 27 of the plural cylinders
simultaneously, signal transmission time is same for all
the signals; and hence, the corresponding fail signals
enter the IGF port 49 simultaneously. Therefore, it is dif-
ficultto accurately identify the ignition device which caus-
es the malfunction. Similarly, if the ignition signals are
output to the second spark plugs 22, 24, 26, and 28 of
the plural cylinders simultaneously, signal transmission
time is same for all the signals; and hence, the corre-
sponding fail signals enter the IGF port 49 simultaneous-
ly. And therefore, it is difficult to accurately identify the
ignition device which causes the malfunction. To deal
with the above inconveniences, itis necessary to arrange
a delay circuit in a signal line for each of the fail signals
corresponding respectively to the plural spark plugs 21
to 28, to which the ignition signals may be supplied si-
multaneously, so that the signal transmission time is dif-
ferent on each signal line.

Third Embodiment

[0030] Next, a third embodiment will be described.
The third embodiment relates to the second embodiment
described above.

[0031] In the following, a circuit configuration having
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the same configuration as the configuration according to
the second embodiment shown in FIG. 3 willbe described
as an example of the third embodiment. In the second
embodiment, the spark plug 21 and the spark plug 22
are ignited simultaneously, whereas in the third embod-
iment, the spark plug 21 and the spark plug 22 are ignited
at different times. When the spark plug 21 and the spark
plug 22 are ignited at different times, the ignition of the
spark plug 22, which is connected to a fail-signal trans-
mission path in which the delay circuit 60 is connected,
lags behind the ignition of the spark plug 21.

[0032] Specifically, as shown in FIG. 6, the output of
the ignition signal S2 from the ignition-signal output port
IGT1B to the spark plug 22 lags behind the output of the
ignition signal S1 from the ignition-signal output port
IGT1A to the spark plug 21. Accordingly, the generation
of the fail signal S4 on a trailing edge of the ignition signal
S2 corresponding to the spark plug 22 lags behind the
generation of the fail signal S3 on a trailing edge of the
ignition signal S1 corresponding to the spark plug 21.
Further, since the fail signal S4 further lags behind the
fail signal S3 while passing through the delay circuit 60,
the time difference between the input of the fail signal S3
and the input of the fail signal S4 into the IGF port 49
increases in comparison with that in the second embod-
iment (in which the ignition signals S1 and S2 are output
simultaneously).

[0033] Thus,the fail signals S3 and S4 are always sup-
plied to the IGF port 49 at different times, whereby when
malfunction is detected in the ignition device (including
the coil and the spark plug), it can be accurately distin-
guished whether the malfunction occurs in the ignition
device including the spark plug 21 and the coil 31, or in
the ignition device including the spark plug 22 and the
coil 32.

[0034] On the contrary, if the ignition of the spark plug
21 lags behind the ignition of the spark plug 22, the dif-
ference in the ignition timing may be offset by the delay
time generated in the delay circuit 60, and the difference
in the input timing of the fail signal S3 and the fail signal
S4 to the IGF port 49 may be eliminated. Even when the
difference is not eliminated, it may become less. When
there is only a slight difference in the input timing, the fail
signals S3 and S4 are detected at a short interval, and
the failure detection needs to be performed at a short
time interval, which necessitates increased accuracy of
detection circuit. In view of the above, the output of the
ignition signal S2 is made to lag behind the output of the
ignition signal S1 in the third embodiment.

[0035] As can be seen from the second and the third
embodiment, when the configuration shown in FIG. 3 is
adopted, the ignition timing can be changed flexibly for
the spark plugs 21 and 22 of the same cylinder according
to circumstances. Specifically, no matter whether the
spark plugs 21 and 22 are ignited simultaneously (second
embodiment) or the spark plugs 21 and 22 are ignited at
different times (third embodiment), the fail signals S3 and
S4 enter the IGF port 49 at different times, whereby the
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diagnosis of the coils 31 and 32, and the spark plugs 21
and 22 can be made accurately.

[0036] Further, in the configuration without the delay
circuit 60 as in the first embodiment, a substantially si-
multaneous ignition of the spark plugs 21 and 22 can be
realized when the phase difference between the ignition
timings of the spark plugs 21 and 22 is set small. Even
if there is only a small phase difference between the ig-
nition times of the spark plugs 21 and 22, as far as there
is a phase difference, a difference between the input
times of the fail signals S3 and S4 into the IGF port 49
can be secured, and the fail signals S3 and S4 can be
detected separately, whereby the diagnosis of each ig-
nition device can be made accurately.

INDUSTRIAL APPLICABILITY

[0037] As can be seen from above, an ignition appa-
ratus for an internal combustion engine according to the
present invention is useful when the internal combustion
engine is provided with plural spark plugs for each cylin-
der, and more particularly, is suitable for making an ac-
curate diagnosis of the spark plugs.

Claims

1. Anignition apparatus for an internal combustion en-
gine provided with plural spark plugs for each cylin-
der, the ignition apparatus comprising:

aninput port that receives a fail signal generated
corresponding to each of the plural spark plugs
for a diagnosis of the spark plugs, wherein
an input timing to the input port is set differently
timewise for each of the plural fail signals.

2. The ignition apparatus for the internal combustion
engine according to claim 1, wherein
an ignition timing is set differently timewise for each
of the plural spark plugs.

3. The ignition apparatus for the internal combustion
engine according to claim 1, wherein
a time elapsed after an ignition timing of the spark
plug until an input of the fail signal corresponding to
the spark plug into the input port is made different
timewise for each of the plural spark plugs.

4. The ignition apparatus for the internal combustion
engine according to claim 3, wherein
the ignition timing of the spark plug for which the time
is long is set later than the ignition timing of the spark
plug for which the time is short.

5. The ignition apparatus for the internal combustion
engine according to claim 3 or 4, wherein
a delay element or a delay circuit is provided in a
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signalline which conveys part of the plural fail signals
up to the input port.
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