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An ignition apparatus of an engine includes a spark plug
disposed in a combustion chamber, and configured to gen-
erate a spark discharge between a center electrode and a
ground electrode, a plurality of ignition coils each applying
a current to the spark plug and including a primary coil, a
secondary coil, a main switch, and an auxiliary switch, and
a controller selectively performing a multi-stage ignition
through a first ignition coil and a second ignition coil or a
single-stage ignition through one ignition coil among the
first ignition coil and the second ignition coil, adjusting a
charging speed, a number of discharges, and a discharge
maintaining period of the ignition coil depending on a
driving point of the engine, and adjusting the charging speed

(51) Int. CL of the ignition coil and a target air/fuel ratio for performing
FO2P 3/05 (2006.01) a lean combustion, based on a state of charge of a battery.
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IGNITION APPARATUS AND CONTROL
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2022-0157100 filed in
the Korean Intellectual Property Office on Nov. 22, 2022, the
entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] The present disclosure relates to an ignition appa-
ratus and a control method thereof. More particularly, the
present disclosure relates to an ignition apparatus of a
vehicle and a control method thereof capable of performing
multi-stage ignition.

BACKGROUND

[0003] In gasoline vehicles, a mixture of air and fuel is
ignited by a spark generated by a spark plug to be com-
busted. For example, the air-fuel mixture injected into a
combustion chamber during a compression stroke is ignited
by a discharge phenomenon of the spark plug, and thus
energy required for operating the vehicle is generated while
undergoing a high temperature and high pressure expansion
process.

[0004] The spark plug provided in the gasoline vehicle
serves to ignite a compressed air-fuel mixture by spark
discharge caused by a high voltage current generated by an
ignition coil.

[0005] In a conventional spark plug, spark discharge is
generated between a pair of electrodes (a center electrode
and a ground electrode) by a high voltage current induced
from an ignition coil, and an air-fuel mixture introduced into
a combustion chamber is ignited.

[0006] In a case of introducing lean-burn combustion or
recirculated exhaust gas into an engine, since the ignition
energy supplied into the combustion chamber should be
increased, multi-stage ignition in which the spark plug is
ignited multiple times during the explosion stroke is used.
[0007] However, when the ignition energy supplied into
the combustion chamber is increased through the multi-stage
ignition, severe heat generation may occur in the ignition
coil.

SUMMARY

[0008] The present disclosure attempts to provide an igni-
tion apparatus capable of controlling heat generated by an
ignition coil and preventing deterioration of the ignition coil,
by performing multi-stage ignition.

[0009] An ignition apparatus of an engine includes a spark
plug disposed in a combustion chamber, and configured to
generate a spark discharge between a center electrode and a
ground electrode, two ignition coils each of which may be
configured to apply a current to the spark plug, and may
include a primary coil, a secondary coil, a main switch
selectively passing current to the primary coil, and an
auxiliary switch connected in parallel to the primary coil,
and a controller configured to selectively perform a multi-
stage ignition through a first ignition coil and a second
ignition coil, or a single-stage ignition through one ignition
coil among the first ignition coil and the second ignition coil,
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depending on an operation region of the engine, adjust a
charging speed, a number of discharges, and a discharge
maintaining period of the ignition coil depending on a
driving point of the engine, and adjust the charging speed of
the ignition coil and a target air/fuel ratio for performing a
lean combustion, based on a state of charge (SOC) of a
battery.

[0010] Each of the ignition coils may include a first circuit
in which the battery, the primary coil, and the main switch
selectively form a closed circuit, a second circuit in which
the secondary coil, the center electrode, and the ground
electrode selectively form a closed circuit, and a third circuit
in which the primary coil, and the auxiliary circuit selec-
tively form a closed circuit.

[0011] A plurality of modes are selectively performed,
where the plurality of modes may include a first mode in
which the first circuit forms a closed circuit by an operation
of the main switch and the auxiliary switch to charge the
primary coil, a second mode in which the first circuit and the
second circuit form a closed circuit by the operation of the
main switch and the auxiliary switch to charge the primary
coil, a third mode in which the third circuit forms an open
circuit by the operation of the main switch and the auxiliary
switch to discharge the secondary coil, and a fourth mode in
which the discharge of the secondary coil is temporarily
stopped by the operation of the main switch and the auxiliary
switch while discharging the secondary coil.

[0012] In an operation region performing lean combus-
tion, the controller may perform the multi-stage ignition, and
in an operation region other than the operation region
performing lean combustion, the controller may perform the
single-stage ignition.

[0013] In the operation region performing lean combus-
tion, when the driving point of the engine moves from a
low-speed to a high-speed, the controller may increase an
initial discharge current, and decreases the discharge main-
taining period and the number of discharges.

[0014] In the operation region performing lean combus-
tion, when the driving point of the engine moves from
low-load to high-load, the controller may increase the charg-
ing speed of the ignition coil.

[0015] In the operation region performing lean combus-
tion, when the state of charge (SOC) of the battery is above
a voltage compensation point, the controller may increase
the charging speed of the ignition coil as the SOC increase.

[0016] When the SOC of the battery is below the voltage
compensation point, the controller decreases the target air/
fuel ratio for performing lean combustion.

[0017] A control method of an ignition apparatus includes
determining, by a controller, an operation region of an
engine, by the controller, selectively performing a single-
stage ignition by one of two ignition coils, or a multi-stage
ignition by the two ignition coils, depending on the opera-
tion region of the engine, by the controller, according to a
driving point of the engine, controlling a charging speed
number of discharges and a discharge maintaining period of
the ignition coil, and by the controller, according to a state
of charge (SOC) of a battery, controlling the charging speed
and a target air/fuel ratio of the ignition coil.

[0018] When the operation region of the engine is an
operation region performing lean combustion, by the con-
troller, the multi-stage ignition may be performed, and when
the operation region of the engine is an operation region
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other than the operation region performing lean combustion,
by the controller, the single-stage ignition may be per-
formed.

[0019] In the operation region performing lean combus-
tion, when the driving point of the engine moves from a
low-load to a high-load, by the controller, the charging speed
of the ignition coil may be increased.

[0020] In the operation region performing lean combus-
tion, when the driving point of the engine moves from a
low-speed to a high-speed, by the controller, an initial
discharge current of the ignition coil may be increased, and
the discharge maintaining period and the number of dis-
charges may be decreased.

[0021] In the operation region performing lean combus-
tion, when the SOC of the battery is above a voltage
compensation point, by the controller, the charging speed of
the ignition coil may be increased as the SOC increases.
[0022] In the operation region performing lean combus-
tion, when the SOC of the battery is below the voltage
compensation point, by the controller, the target air/fuel ratio
for performing lean combustion may be decreased.

[0023] According to an ignition apparatus according to an
embodiment, a single-stage ignition or a multi-stage ignition
is selectively performed depending on the operation region
of the engine, and thereby ignitability of the engine is
enhanced while preventing the unnecessary power con-
sumption.

[0024] In addition, the charging speed of the ignition coil
may be adjusted according to the driving point of the engine.
[0025] In addition, when the SOC of the battery is above
the voltage compensation point, the charging speed of the
ignition coil is decreased, and thereby the ignition coil may
be charged at a uniform speed regardless of according to the
voltage supplied from the battery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a diagram illustrating an example of an
engine system including an ignition apparatus.

[0027] FIG. 2 is a diagram illustrating a cross-sectional
view of an example of an engine in which a spark plug is
mounted.

[0028] FIG. 3 is a block diagram illustrating an example of
an ignition apparatus.

[0029] FIG. 4 is a diagram illustrating an example of an
ignition coil system of an ignition system.

[0030] FIG. 5 to FIG. 8 are diagrams for explaining an
example of an operation mode of an ignition coil system.
[0031] FIG. 9 is a graph illustrating an example of an
operation region of an engine.

[0032] FIG. 10 is a graph illustrating an example of a
charging speed and a target air/fuel ratio depending on an
SOC of a battery.

[0033] FIG. 11A and FIG. 11B are diagrams illustrating an
example of a control signal of a main switch and an auxiliary
switch for charging a primary coil of an ignition coil.
[0034] FIG. 12A and FIG. 12B are diagrams illustrating
another example of a control signal of a main switch and an
auxiliary switch for charging a primary coil.

[0035] FIG. 13 is a flowchart describing an example of a
control method of an ignition apparatus.
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DETAILED DESCRIPTION

[0036] First, an example of an engine system to which an
ignition coil system is applied is described in detail with
reference to the drawings.

[0037] FIG. 1 is a schematic view illustrating a configu-
ration of an engine system.

[0038] As shown in FIG. 1, the engine system to which an
ignition apparatus is applied may include the engine 120
including a plurality of cylinders 121 generating a driving
torque required for driving the vehicle through fuel com-
bustion, an intake line 110 through which fresh air (or,
ambient air) supplied to a cylinder 121 flows, an exhaust line
130 through which an exhaust gas exhausted from the
cylinder 121 flows, a turbocharger 170 compressing the
exhaust gas (hereinafter, also called a recirculation gas)
recirculated to be mixed with the fresh air supplied to the
cylinder 121, and an exhaust gas recirculation (EGR) appa-
ratus 150 for recirculating the exhaust gas exhausted from
the cylinder 121 to the cylinder.

[0039] A catalytic converter 160 for purifying various
materials included in the exhaust gas exhausted from the
cylinder 121 is provided on the exhaust line 130.

[0040] A turbocharger 170 may include a turbine 171
provided on the exhaust line 130 and configured to rotate by
the exhaust gas exhausted from the cylinder 121, and a
compressor 172 provided on an intake line 110 and config-
ured to compressing the fresh air and the recirculation gas by
rotating with the turbine 171.

[0041] The exhaust gas recirculation apparatus 150 may
include an EGR line 152 branching from the exhaust line
130 and joining the intake line 110, an EGR cooler 156
installed on the EGR line 152, and an EGR wvalve 151
installed on the EGR line 152. The EGR cooler 156 cools the
exhaust gas of a high temperature recirculating through the
EGR line 152. An amount of the recirculation gas recircu-
lating the EGR line 152 is adjusted by an opening of an EGR
valve 154.

[0042] An intercooler 116 is installed on the intake line
110 at a downstream side of the compressor 172, and an
air-fuel mixture (the ambient air and the recirculation gas) of
a high temperature and high pressure compressed by the
compressor 172 of the turbocharger 170 is cooled by the
intercooler 116.

[0043] A spark plug 1 for igniting the air-fuel mixture of
the fuel and the air is mounted on the cylinder 121 of the
engine.

[0044] FIG. 2 illustrates a cross-sectional view of an
engine in which a spark plug is mounted.

[0045] As shown in FIG. 2, a spark plug 1 is mounted on
a cylinder (or, a combustion chamber) of an engine, and
generates spark discharge.

[0046] The engine to which the spark plug 1 is applied
includes a cylinder block and a cylinder head 100, and the
cylinder block and the cylinder head 100 are combined to
form a combustion chamber 101 therein. An air-fuel mixture
inflowing into the combustion chamber 101 is ignited by
spark discharge generated by the spark plug 1.

[0047] In the cylinder head 100, a mount hole 103 in
which the spark plug 1 is mounted is formed long in a
vertical direction. A lower portion of the spark plug 1 that is
mounted in the mount hole 103 protrudes into the combus-
tion chamber 101. A center eclectrode 2 and a ground
electrode 3 that are electrically connected to an ignition coil
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are formed at the lower portion of the spark plug 1, and the
spark discharge is generated between the center electrode 2
and the ground electrode 3.

[0048] FIG. 3 is a block diagram showing a configuration
of an ignition apparatus.

[0049] As shown in FIG. 3, an ignition apparatus may
include a battery, an ignition coil system, and controller.
[0050] The ignition coil system is configured to supply a
discharge current to the spark plug 1 mounted on a cylinder
121, and may include two ignition coils 10 and 20. Details
of the ignition coil system is described later.

[0051] A battery 30 supplies electrical power required for
driving of the vehicle to respective electrical components
and the ignition coils 10 and 20, and a state of charge (SOC)
of the battery 30 is transmitted to a controller.

[0052] A controller 40 may selectively perform a single-
stage ignition or a multi-stage ignition based on an operation
region of the engine, control the number of discharges and
a discharge maintaining period based on a driving point of
the engine, a charging speed, and control the charging speed
and a target air/fuel ratio based on the SOC.

[0053] To this end, the ignition controller 40 may be
provided as at least one processor executed by a predeter-
mined program, and the predetermined program is config-
ured to perform respective steps of a control method of the
ignition apparatus according to an embodiment of the pres-
ent disclosure.

[0054] FIG. 4 illustrates a schematic view of an ignition
coil system.
[0055] As shown in FIG. 4, an ignition coil system may

include at least one ignition coil, and a controller for
controlling an operation of the ignition coil. In some imple-
mentations, an ignition coil system including two ignition
coils (a first ignition coil 10 and a second ignition coil 20)
will be described, but the scope of the present disclosure is
not limited thereto. An appropriate number of ignition coils
may be provided according to the needs of the designer.
[0056] The first ignition coil 10 includes a primary coil 11
and a secondary coil 12, a first end of the primary coil 11 is
electrically connected to a battery 30 of a vehicle, and the
other end of the primary coil 11 is grounded through a first
main switch 15. According to an on/off operation of the first
main switch 15, the primary coil 11 of the first ignition coil
10 may selectively receive electrical current.

[0057] The first main switch 15 may be realized with a
transistor switch (for example, an insulated gate bipolar
transistor (IGBT)) including an emitter terminal 15-1, a
collector terminal 15-3, and a base terminal 15-2. That is, the
other end of the primary coil 11 may be electrically con-
nected to the collector terminal 15-3 of the first main switch
15, the emitter terminal 15-1 thereof may be grounded, and
the base terminal 15-2 thereof may be electrically connected
to a controller 40.

[0058] The battery 30, the primary coil 11, and the first
main switch 15 are connected in series, and they selectively
form a closed circuit according to an operation of the first
main switch 15. In the specification of the present disclo-
sure, an electric circuit formed by the battery, the primary
coil 11, and the first main switch 15 that are connected in
series is referred to as a first circuit.

[0059] When the first circuit forms a closed circuit, a
current is supplied from the battery 30 to the primary coil 11,
and electrical energy is charged in the primary coil 11.

May 23, 2024

[0060] One end of the secondary coil 12 is electrically
connected to a center electrode 2, and the other end thereof
is electrically connected to the battery 30. A diode 13 is
installed between the secondary coil 12 and the battery 30 to
block a current from flowing from the secondary coil 12 to
the battery 30. In addition, a diode 19 is installed between
the secondary coil 12 and the center electrode 2, so that a
current flows only from the secondary coil 12 to the center
electrode 2.

[0061] The battery 30, the secondary coil 12, the center
electrode 2, and a ground electrode 3 are connected in series,
and a high voltage current (or induced electromotive force)
is selectively generated in the secondary coil 12 according to
the operation of the primary coil 11. In the specification of
the present disclosure, an electric circuit formed by the
battery 30, the secondary coil 12, the center electrode 2, and
the ground electrode 3 that are connected in series is referred
to as a second circuit.

[0062] When the first circuit forms an open circuit by the
first main switch 15, the primary coil 11 is discharged and a
high voltage current is generated in the secondary coil 12 by
electromagnetic induction. Accordingly, a current flows in
the second circuit, and a high voltage current is supplied
between the center electrode 2 and the ground electrode 3 to
generate a spark discharge. That is, a current selectively
flows in the second circuit by the operation of the first main
switch 15.

[0063] Meanwhile, a first auxiliary switch 16 is connected
in parallel to both ends of the primary coil 11 of the first
ignition coil 10. The primary coil 11 and the first auxiliary
switch 16 selectively form a closed circuit. In the specifi-
cation of the present disclosure, an electric circuit formed by
the primary coil 11 and the first auxiliary switch 16 is
referred to as a third circuit.

[0064] The first auxiliary switch 16 may be realized with
a transistor switch (for example, an insulated gate bipolar
transistor (IGBT)) including an emitter terminal 16-1, a
collector terminal 16-3, and a base terminal 16-2. In this
case, the emitter terminal 16-1 of the first auxiliary switch 16
is electrically connected between the primary coil 11 and the
first main switch 15, and the base terminal 16-2 thereof is
electrically connected to the controller 40, and the collector
terminal 16-3 thereof is electrically connected to the battery
30.

[0065] When the controller 40 applies a control signal to
the base terminal 15-2 of the first main switch 15, the
primary coil 11 of the first ignition coil 10 receives electrical
current (the first circuit forms a closed circuit), and the
primary coil 11 is charged with electrical energy.

[0066] When the controller 40 does not apply a control
signal to the base terminal 15-2 of the first main switch 15,
a high voltage current (or discharge current) is generated in
the secondary coil 12 due to electromagnetic induction of
the primary coil 11 and the secondary coil 12. The discharge
current generated in the secondary coil 12 flows to the center
electrode 2, and while spark discharge being generated
between the center electrode 2 and the ground electrode 3 by
the discharge current generated in the secondary coil 12, an
air-fuel mixture inside the combustion chamber 101 is
ignited.

[0067] That is, when a control signal is applied to the first
main switch 15, the first circuit forms a closed circuit, and
the primary coil 11 is charged by a current outputted from
the battery. In addition, when no control signal is applied to
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the first main switch 15, the first circuit forms an open
circuit, and while a high voltage current induced in the
secondary coil 12 is applied to the center electrode 2 along
the second circuit, a spark discharge is generated between
the center electrode 2 and the ground electrode 3.

[0068] When a control signal is applied to the base ter-
minal of the auxiliary switch while the first circuit forms a
closed circuit, the third circuit forms a closed circuit. In this
case, when the third circuit forms the closed circuit, the
primary coil 11 electrically connected to the battery 30 is no
longer charged, and the electrical energy already charged in
the primary coil 11 while flowing along the third circuit
remains stored.

[0069] While the first circuit forms an open circuit (in
other words, while the secondary coil is discharged), when
a control signal is applied to the base terminal of the
auxiliary switch, the third circuit forms a closed circuit. In
this case, when the third circuit forms a closed circuit, the
electrical energy charged in the primary coil 11 flows along
the third circuit, and the voltage applied to the secondary
coil 12 is considerably reduced. Accordingly, the discharge
in the secondary coil 12 is temporarily stopped.

[0070] Like the first ignition coil 10, the second ignition
coil 20 includes a primary coil 21 and a secondary coil 22,
a first end of the primary coil 21 is electrically connected to
the battery 30 of the vehicle, and the other end of the primary
coil 21 is grounded through a second main switch 25.
According to an on/off operation of the second main switch
25, the primary coil 21 of the second ignition coil 20 may
selectively receive electrical current.

[0071] The second main switch 25 may be realized with a
transistor switch (for example, an insulated gate bipolar
transistor (IGBT)) including an emitter terminal 25-1, a
collector terminal 25-3, and a base terminal 25-2. That is, the
other end of the primary coil 21 may be electrically con-
nected to the collector terminal 25-3 of the second main
switch 25, the emitter terminal 25-1 thereof may be
grounded, and the base terminal 25-2 thereof may be elec-
trically connected to the controller 40.

[0072] The battery 30, the primary coil 21, and the second
main switch 25 are connected in series, and they selectively
form a closed circuit according to an operation of the second
main switch 25. In the specification of the present disclo-
sure, an electric circuit formed by the battery 30, the primary
coil 21, and the second main switch 25 that are connected in
series is referred to as a first circuit.

[0073] When the first circuit forms a closed circuit, a
current is supplied from the battery 30 to the primary coil 21
of the second ignition coil 20, and electrical energy is
charged in the primary coil 21.

[0074] One end of the secondary coil 22 is electrically
connected to a center electrode 2, and the other end thereof
is electrically connected to the battery 30. A diode 23 is
installed between the secondary coil 22 and the battery 30 to
block a current from flowing from the secondary coil 22 to
the battery 30. In addition, a diode 29 is installed between
the secondary coil 22 and the center electrode 2, so that a
current flows only from the secondary coil 22 to the center
electrode 2.

[0075] The battery 30, the secondary coil 22, the center
electrode 2, and the ground electrode 3 are connected in
series, and a high voltage current (or induced electromotive
force) is selectively generated in the secondary coil 22
according to the operation of the primary coil 21. In the
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specification of the present disclosure, an electric circuit
formed by the battery 30, the secondary coil 22, the center
electrode 2, and the ground electrode 3 that are connected in
series is referred to as a second circuit.

[0076] When the first circuit forms an open circuit by the
second main switch 25, the primary coil 21 is discharged and
a high voltage current is generated in the secondary coil 22
by electromagnetic induction. Accordingly, a current flows
in the second circuit, and a high voltage current is supplied
between the center electrode 2 and the ground electrode 3 to
generate a spark discharge. That is, a current selectively
flows in the second circuit by the operation of the second
main switch 25.

[0077] On the other hand, a second auxiliary switch 26 is
connected in parallel to both ends of the primary coil 21. The
primary coil 21 and the second auxiliary switch 26 selec-
tively form a closed circuit. In the specification of the
present disclosure, an electric circuit formed by the primary
coil 21 and the second auxiliary switch 26 is referred to as
a third circuit.

[0078] The second auxiliary switch 26 may be realized
with a transistor switch (for example, an insulated gate
bipolar transistor (IGBT)) including an emitter terminal
26-1, a collector terminal 26-3, and a base terminal 26-2. In
this case, the emitter terminal 26-1 of the second auxiliary
switch 26 is electrically connected between the primary coil
21 and the second main switch 25, the base terminal 26-2
thereof is electrically connected to the controller, and the
collector terminal 26-3 thereof is electrically connected to
the battery.

[0079] When the controller 40 applies a control signal to
the base terminal 25-2 of the second main switch 25, the
primary coil 21 of the first ignition coil 20 receives electrical
current (the first circuit forms a closed circuit), and the
primary coil 21 is charged with electrical energy.

[0080] When the controller 40 does not apply a control
signal to the base terminal 25-2 of the second main switch
25, a high voltage current (or discharge current) is generated
in the secondary coil 22 due to electromagnetic induction of
the primary coil 21 and the secondary coil 22. The discharge
current generated in the secondary coil 22 flows to the center
electrode 2, and while spark discharge being generated
between the center electrode 2 and the ground electrode 3 by
the discharge current generated in the secondary coil 22, an
air-fuel mixture inside the combustion chamber 101 is
ignited.

[0081] That is, when a control signal is applied to the
second main switch 25, the first circuit forms a closed
circuit, and the primary coil 21 is charged by a current
outputted from the battery 30. In addition, when no control
signal is applied to the second main switch 25, the first
circuit forms an open circuit, and while a high voltage
current induced in the secondary coil 22 is applied to the
center electrode 2 along the second circuit, a spark discharge
is generated between the center electrode 2 and the ground
electrode 3.

[0082] While the first circuit forms the closed circuit,
when the control signal is applied to the base terminal 26-2
of the second auxiliary switch 26, the third circuit forms a
closed circuit. In this case, when the third circuit forms the
closed circuit, the primary coil 21 electrically connected to
the battery 30 is no longer charged, and the electrical energy
already charged in the primary coil 21 while flowing along
the third circuit remains stored.
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[0083] While the first circuit forms the open circuit (in
other words, while the secondary coil is discharged), when
the control signal is applied to the base terminal 26-2 of the
second auxiliary switch 26, the third circuit forms a closed
circuit. In this case, when the third circuit forms the closed
circuit, the electrical energy charged in the primary coil 21
flows along the third circuit, and the voltage applied to the
secondary coil 22 is considerably reduced. Accordingly, the
discharge in the secondary coil 22 is temporarily stopped.
[0084] The ignition coil system according to an embodi-
ment of the present disclosure may be operated in four
modes including a first mode to a fourth mode.

[0085] That is, the controller 40 controls the on/off of the
main switches 15 and 25 and the auxiliary switches 16 and
26, so that the first to fourth modes may be selectively
performed.

[0086] The first mode is a mode in which the first circuit
forms a closed circuit to charge the primary coils 11 and 21,
the second mode is also a mode for charging the primary
coils 11 and 21, the third mode is a mode in which the third
circuit forms an open circuit to discharge the secondary coils
12 and 22, and the fourth mode is a mode for temporarily
stopping the discharging of the secondary coils 12 and 22
while discharging the secondary coils 12 and 22 (or while
the third mode is being performed).

[0087] That is, the first mode and the second mode may be
charging modes of the ignition coils 10 and 20, the third
mode may be a discharging mode of the ignition coils 10 and
20, and the fourth mode may be a neutral mode for tempo-
rarily stopping the charging or discharging of the ignition
coils 10 and 20.

[0088] Referring to FIG. 5, in the first mode, the main
switches 15 and 25 are turned on, while the auxiliary
switches 16 and 26 are turned off by the control signal of the
controller 40. Accordingly, the first circuit forms a closed
circuit, and electrical energy is charged to the primary coils
11 and 12 electrically connected to the battery 30.

[0089] That is, when a control signal is applied to the main
switches 15 and 25 and the auxiliary switches 16 and 26 are
turned off, the first circuit forms a closed circuit, and the
primary coils 11 and 21 are charged by the current outputted
from the battery 30.

[0090] Referring to FIG. 6, in the second mode, the main
switches 15 and 25 are turned on and the auxiliary switches
16 and 26 are also turned on, by the control signal of the
controller 40. Accordingly, the first circuit forms a closed
circuit, and the third circuit also forms a closed circuit.
Although the first circuit and the third circuit form the closed
circuit, since a potential difference is generated in the
primary coils 11 and 21 as the first circuit forms the closed
circuit, electrical energy is charged in the primary coils 11
and 21.

[0091] That is, while the main switches 15 and 25 are
turned on by the controller 40 so that the first circuit forms
the closed circuit, even if the second circuit forms the closed
circuit, the primary coils 11 and 21 are charged by the
current outputted from the battery 30.

[0092] Referring to FIG. 7, in the third mode, the main
switches 15 and 25 are turned off, while the auxiliary
switches 16 and 26 are turned off by the control signal of the
controller 40. Accordingly, a high-voltage discharge current
is induced in the secondary coils 12 and 22 by the electro-
magnetic induction of the primary coils 11 and 21 and the
secondary coils 12 and 22. The high-voltage discharge
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current induced in the secondary coils 12 and 22 is supplied
to the center electrode 2 and the ground electrode 3, so that
spark discharge occurs between the center electrode 2 and
the ground electrode 3. The third mode may be a discharging
mode of the ignition coil.

[0093] That is, when no control signal is applied to the
main switches 15 and 25 and the auxiliary switches 16 and
26, the first circuit forms an open circuit, and while the
high-voltage current induced in the secondary coils 12 and
22 is applied to the center electrode 2 along the second
circuit, a spark discharge is generated between the center
electrode 2 and the ground electrode 3.

[0094] Referring to FIG. 8, in the fourth mode, the main
switches 15 and 25 are turned off, while the auxiliary
switches 16 and 26 are turned on, by the control signal of the
controller 40. Accordingly, the induced current is no longer
discharged in the secondary coils 12 and 22. The fourth
mode may be a neutral mode that temporarily stops the
discharging of the ignition coils 10 and 20.

[0095] That is, while the first circuit forms an open circuit
(in other words, while the secondary coils 12 and 22 are
discharged), when a control signal is applied to the base
terminals 16-2 and 26-2 of the auxiliary switches 16 and 26
by the controller 40, the third circuit forms a closed circuit.
In this case, when the third circuit forms the closed circuit,
the electrical energy charged in the primary coils 11 and 21
flows along the third circuit, and the voltage applied to the
secondary coils 12 and 22 is considerably reduced. Accord-
ingly, the discharge in the secondary coils 12 and 22 is
temporarily stopped.

[0096] Meanwhile, an ignition apparatus according to an
embodiment may selectively perform the multi-stage igni-
tion that generates the spark discharge at the spark plug 1
through the two ignition coils 10 and 20 based on the
operation region of the engine, or the single-stage ignition
that generates the spark discharge at the spark plug 1 through
one ignition coil among the two ignition coils 10 and 20.
[0097] The multi-stage ignition means generating the
spark discharge between the center electrode 2 and the
ground electrode 3 of the spark plug 1 by using the two
ignition coils (the first ignition coil and the second ignition
coil), and the single-stage ignition means generating the
spark discharge between the center electrode 2 and the
ground electrode 3 of the spark plug 1 by using one ignition
coil among the two ignition coils (first ignition coil and
second ignition coil).

[0098] Referring to FIG. 9, in some implementations, the
operation region of the engine may include a first region and
a second region.

[0099] The first region may mean an operation region of
the engine in which the recirculation gas (EGR gas) is
supplied to the cylinder of the engine through the exhaust
gas recirculation apparatus, or the combustion leaner than
the theoretical air/fuel ratio is performed. In other words, the
first region may be a region in which the EGR gas is used,
or a region in which a lean combustion is performed.
[0100] In the first region, the EGR gas flows into the
combustion chamber, or the lean combustion is performed,
and therefore, ignitability of the air-fuel mixture may be
enhanced by performing the multi-stage ignition to supply a
sufficient ignition energy to the air-fuel mixture (i.e., fuel
plus air) within cylinder.

[0101] The second region may mean a remaining opera-
tion region excluding the first region. In the second region,
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the ignitability of the air-fuel mixture does not matter, and
therefore, the single-stage ignition may be performed to
prevent unnecessary power consumption.

[0102] In an ignition apparatus according to an embodi-
ment, when performing the multi-stage ignition in the opera-
tion region (e.g., the first region) in which the lean combus-
tion of the engine is performed, the charging speed of the
ignition coil, the number of discharges and the discharge
maintaining period may be adjusted according to the driving
point of the engine.

[0103] When the driving point of the engine 120 moves
from a low-load to a high-load, the flow within the com-
bustion chamber 101 increases due to the increase of the
load, and the flow between the center electrode 2 and the
ground electrode 3 of the spark plug 1 also increases.
Accordingly, resistance of a secondary circuit forming the
secondary coils 12 and 22 of the ignition coils 10 and 20
increases, and the discharging speed increases. Therefore, as
the driving point of the engine 120 goes from the low-load
to the high-load, more charging time is required.

[0104] In order to solve this, when the multi-stage ignition
is performed, the charging speed of the ignition coils 10 and
20 is increased as the driving point of the engine 120 goes
from the low-load to the high-load. The method for adjusting
the charging speed of the ignition coils 10 and 20 is later
described in detail.

[0105] In addition, even if the engine speed changes, the
same ignition energy should be supplied to the combustion
chamber 101 in order to constantly maintain an internal
condition of the combustion chamber 101. Therefore, the
number of discharges and the discharge maintaining period
of the secondary coils 12 and 22 of the ignition coils 10 and
20 need to be adjusted, as the driving point of the engine
goes from a low-speed to a high-speed.

[0106] When the engine speed is the high-speed, an initial
discharge current may be relatively increased, the discharge
maintaining period may be decreased, and the number of
discharges may be decrease. When the engine speed is the
high-speed, in the case that the discharge maintaining period
of the ignition coils 10 and 20 is increased, ineffective
discharge generated after the top dead center may occur.
Therefore, when the engine speed is the high-speed, the
initial discharge current may be relatively increased, and the
discharge maintaining period may be decreased. Here, the
initial discharge current may be increased by increasing a
main charging period for which the primary coils 11 and 21
are initially charged. In addition, the discharge maintaining
period means a period for which an ignition channel is
maintained, that is, a period from an initial discharge time
point a time point until which the discharge is maintained.
The discharge maintaining period may be achieved by
increasing the number of discharges or by increasing an
auxiliary charging period.

[0107] To the contrary, when the engine speed is the
low-speed, the initial discharge current may be relatively
decreased, the discharge maintaining period may be
increased, and the number of discharges may be increased.
When the engine speed is low, the possibility of generating
the ineffective discharge is very low even if the discharge
maintaining period is increased, and therefore, sufficient
ignition energy may be supplied into the combustion cham-
ber 101 by increasing the discharge maintaining period and
the number of discharges.
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[0108] In an ignition apparatus according to an embodi-
ment, when performing the multi-stage ignition in the opera-
tion region (e.g., the first region) in which the lean combus-
tion of the engine is performed, the charging speed and a
lean limit (or the target air/fuel ratio) of the ignition coil
system at the time of performing the lean combustion may
be controlled based on the state of charge (the SOC) of the
battery 30 (refer to FIG. 10).

[0109] A voltage supplied to the primary coils 11 and 21
of the ignition coils 10 and 20 may change according to the
SOC of the battery 30. Because the charging speed of the
primary coils 11 and 21 changes according to the level of the
voltage supplied to the primary coils 11 and 21, the charging
speed of the primary coils 11 and 21 is controlled according
to the SOC of the battery 30, In order to constantly maintain
the state of charge of the primary coils 11 and 21.

[0110] Referring to FIG. 10, when the SOC of the battery
30 is above a voltage compensation point (e.g., 70%), at the
time of the multi-stage ignition, the controller 40 adjusts the
charging speed of the ignition coils 10 and 20 according to
the SOC of the battery 30.

[0111] In more detail, when the SOC is above the voltage
compensation point, the controller 40 decreases the charging
speed of the ignition coils 10 and 20 as the SOC of the
battery 30 increases. When the SOC of the battery 30 is
larger than the voltage compensation point, the voltage
supplied from the battery 30 to the primary coils 11 and 21
of the ignition coils 10 and 20 increases as the SOC
increases, and thereby, overcharging of the primary coils 11
and 21 may occur. Therefore, when the SOC of the battery
30 is larger than the voltage compensation point, the charg-
ing speed of the primary coils 11 and 21 of the ignition coils
10 and 20 is decreased as the SOC increases, and the
charging speed of the primary coils 11 and 21 of the ignition
coils 10 and 20 is increased as the SOC decreases. As such,
by controlling the charging speed of the primary coils 11 and
21 according to the SOC, the state of charge may be
uniformly controlled.

[0112] When the SOC of the battery 30 is below the
voltage compensation point (e.g., 70%), the voltage supplied
from the battery 30 to the primary coils 11 and 21 is
excessively small, and thus, sufficient ignition energy may
not be generated. Therefore, in such a case, when the lean
combustion is performed, the lean limit (or, the target
air/fuel ratio) is decreased (refer to FIG. 10). For example,
supposing that the lean limit (or, the target air/fuel ratio) at
the time when the SOC of the battery 30 is above the voltage
compensation point (e.g., 70%) is 2, the lean limit (or, the
target air/fuel ratio) at the time when the SOC of the battery
30 is below the voltage compensation point may be
decreased as the SOC of the battery decreases.

[0113] Hereinafter, the method for controlling the charg-
ing speed of the ignition coil is described in detail.

[0114] The charging speed of the primary coils 11 and 21
of the ignition coils 10 and 20 may be controlled by the
following two methods.

[0115] Inthe first method, ON-state of the auxiliary switch
is maintained during the main charging period in which the
primary coils 11 and 21 are initially charged and the auxil-
iary charging period after the main charging period, and a
charging pulse width of the main switch is adjusted to
control the charging speed of the primary coils 11 and 21.
[0116] FIG. 11A and FIG. 11B are drawings showing a
control signal of a main switch and the auxiliary switch for
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charging a primary coil of an ignition coil. In FIG. 11A and
FIG. 11B, the leftmost side pulse is the main charging
period, and the pulse subsequent to the main charging period
is the auxiliary charging period.

[0117] Referring to FIG. 11A, the auxiliary switch 16 is
maintained to the ON-state during the main charging period,
and the charging speed of the primary coils 11 and 21 may
be increased by increasing a width w1 of the charging pulse
of the main switch 15. Accordingly, the main charging
period TM1 and the auxiliary charging period TA1 are
decreased (shortened).

[0118] Referring to FIG. 11B, during the main charging
period (or, while the auxiliary switched ON), the charging
speed of the primary coils 11 and 21 may be decreased by
decreasing a width w2 of the charging pulse of the main
switch 15. Accordingly, the main charging period TM2 and
the auxiliary charging period TA2 are increased (elongated).
[0119] In other words, the first method that controls the
charging speed of the primary coils 11 and 21 of the ignition
coil may be realized by adjusting transition period of the first
mode (or, the second mode) and the fourth mode through the
on/off control of the main switch 15 and the auxiliary switch
16 during the main charging period and the auxiliary charg-
ing period.

[0120] As described above, the first mode (or, the second
mode) is the charging mode of the ignition coil, and the
fourth mode is the neutral mode for temporarily stopping
charging of the ignition coil. Therefore, when the period for
maintaining the first mode (or, the second mode) during the
main charging period and the auxiliary charging period is
increased, the charging speed of the ignition coil is
increased. To the contrary, when the period for maintaining
the first mode (or, the second mode) is decreased, the
charging speed of the ignition coil is also decreased.
[0121] The second method is a method that controls the
charging speed of the primary coils 11 and 21 of the ignition
coil by adjusting the period of maintaining the neutral mode
in which the charging of the primary coils 11 and 12 is
temporarily stopped during the auxiliary charging period (or,
the period of maintaining the fourth mode).

[0122] FIG. 12A and FIG. 12B are other drawings show-
ing a control signal of a main switch and the auxiliary switch
for charging a primary coil. In FIG. 12A and FIG. 12B, the
leftmost pulse is the main charging period, and the pulse
subsequent to the main charging period is the auxiliary
charging period. Here, the auxiliary charging period may be
provided in a plural quantity.

[0123] Referring to FIG. 12A, by decreasing the period for
maintaining the neutral mode where the charging is tempo-
rarily stopped in the auxiliary charging period after the main
charging period, the charging speed of the primary coils 11
and 21 of the may be controlled relatively rapidly. Therefore,
the auxiliary charging period TA1 is shortened.

[0124] Referring to FIG. 12B, by increasing the period for
maintaining the neutral mode where the charging is tempo-
rarily stopped in the auxiliary charging period after the main
charging period, the charging speed of the primary coils 11
and 21 of the ignition coil may be controlled relatively
slowly. Therefore, the auxiliary charging period TA2 may be
lengthened.

[0125] In other words, the second method that controls the
charging speed of the primary coils 11 and 21 of the ignition
coil may be adjusting the transition period of the first mode
(or, the second mode) and the fourth mode by the on/off
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control of the main switch 15 and the auxiliary switch 16
during the auxiliary charging period.

[0126] As described above, the first mode (or, the second
mode) is the charging mode of the ignition coil, and the
fourth mode is the neutral mode for temporarily stopping the
charging of the ignition coil. Therefore, when the period for
maintaining the fourth mode during the auxiliary charging
period (the period for maintaining the neutral mode) is
decreased, the charging speed of the ignition coil is
increased. To the contrary, when the period for maintaining
the fourth mode during the auxiliary charging period (the
period for maintaining the neutral mode) is increased, the
charging speed of the ignition coil is decreased.

[0127] Hereinafter, an operation of an ignition apparatus is
described in detail with reference to the drawings.

[0128] FIG. 13 is a flowchart showing a control method of
an ignition apparatus.

[0129] As shown in FIG. 13, at step S10, the controller 40
determines the operation region of the engine according to
the engine speed and the engine load, to selectively perform
the single-stage ignition or the multi-stage ignition depend-
ing on the operation region of the engine.

[0130] At step S11, when the operation region of the
engine is the first region performing the lean combustion, the
controller 40 performs the multi-stage ignition.

[0131] At step S13, when the operation region of the
engine is the second region other than the first region
performing the lean combustion, the controller 40 performs
the single-stage ignition.

[0132] At step S20, the controller 40 determines the driv-
ing point of the engine 120 in the operation region perform-
ing the lean combustion (or, when the multi-stage ignition is
performed), and controls the charging speed, the number of
discharges and the discharge maintaining period of the
primary coils 11 and 21 of the ignition coils 10 and 20,
according to the driving point of the engine 120.

[0133] At step S21, when the engine load is the high-load,
the controller 40 increases the charging speed of the primary
coils 11 and 21 of the ignition coils 10 and 20. To the
contrary, at step S23, when the engine load is the low-load,
the controller 40 decreases the charging speed of the primary
coils 11 and 21 of the ignition coils 10 and 20.

[0134] The method for adjusting the charging speed of the
ignition coil is described above, and is not described here
again.

[0135] At step S25, when the engine speed is the high-

speed, the controller 40 increases the initial discharge cur-
rent, and decreases the discharge maintaining period and the
number of discharges. To the contrary, at step S27, when the
engine speed is the low-speed, the controller 40 decreases
the initial discharge current, and increases the discharge
maintaining period and the number of discharges.

[0136] At step S30, when the lean combustion is per-
formed, (or when, the multi-stage ignition is performed), the
controller 40 determines the SOC of the battery 30, and
controls the charging speed, and the lean limit (or, the target
air/fuel ratio) of the primary coils 11 and 21 of the ignition
coils 10 and 20 according to the SOC.

[0137] At step S31, when the SOC of the battery 30 is
above the voltage compensation point (e.g., 70), the con-
troller 40 decreases the charging speed of the primary coils
11 and 21 as the SOC increases.

[0138] At step S33, when the SOC of the battery 30 is
below the voltage compensation point, the controller 40
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decreases the lean limit (or, the target air/fuel ratio) at the
time of performing the lean combustion.
[0139] While this disclosure has been described in con-
nection with what is presently considered to be practical
embodiments, it is to be understood that the disclosure is not
limited to the disclosed embodiments, but, on the contrary,
is intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.
What is claimed is:
1. An ignition apparatus of an engine, comprising:
a spark plug disposed in a combustion chamber of the
engine and configured to generate a spark discharge
between a center electrode and a ground electrode;
a plurality of ignition coils each configured to apply a
current to the spark plug and comprising a primary coil,
a secondary coil, a main switch configured to selec-
tively provide current to the primary coil, and an
auxiliary switch connected in parallel to the primary
coil; and
a controller configured to:
based on an operation region of the engine, selectively
perform (i) a multi-stage ignition through a first
ignition coil and a second ignition coil among the
plurality of ignition coils or (ii) a single-stage igni-
tion through one ignition coil among the first ignition
coil and the second ignition coil,

based on a driving point of the engine, adjust a charging
speed, a number of discharges, and a discharge
maintaining period of the ignition coil that is selected
to perform the ignition, and

adjust the charging speed of the ignition coil and a
target air/fuel ratio to perform lean combustion based
on a state of charge (SOC) of a battery.

2. The ignition apparatus of claim 1, wherein each of the
plurality of ignition coils comprises:

a first circuit in which the battery, the primary coil, and the

main switch selectively provide a closed circuit,

a second circuit in which the secondary coil, the center
electrode, and the ground electrode selectively provide
a closed circuit, and

a third circuit in which the primary coil and the auxiliary
switch selectively provide a closed circuit.

3. The ignition apparatus of claim 2, wherein the control-
ler is configured to selectively perform a plurality of modes,
the plurality of modes comprising:

a first mode in which the first circuit forms a closed circuit
by an operation of the main switch and the auxiliary
switch to charge the primary coil,

a second mode in which the first circuit and the second
circuit form a closed circuit by the operation of the
main switch and the auxiliary switch to charge the
primary coil,

a third mode in which the third circuit forms an open
circuit by the operation of the main switch and the
auxiliary switch to discharge the secondary coil, and

a fourth mode in which the discharge of the secondary coil
is temporarily stopped by the operation of the main
switch and the auxiliary switch.

4. The ignition apparatus of claim 1, wherein the control-

ler is configured to:

based on an operation region being a region performing
lean combustion, perform the multi-stage ignition, and
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based on the operation region not being the region per-
forming lean combustion, perform the single-stage
ignition.

5. The ignition apparatus of claim 4, wherein the control-
ler is configured to, in the operation region performing lean
combustion, based on the driving point of the engine being
moved from low-load to high-load, increase the charging
speed of the ignition coil.

6. The ignition apparatus of claim 4, wherein the control-
ler is configured to, in the operation region performing lean
combustion, based on the driving point of the engine being
moved from low-speed to high-speed, increase an initial
discharge current and decrease the discharge maintaining
period and the number of discharges.

7. The ignition apparatus of claim 4, wherein the control-
ler is configured to, in the operation region performing lean
combustion, based on SOC of the battery being greater than
avoltage compensation point, increase the charging speed of
the ignition coil as the SOC increases.

8. The ignition apparatus of claim 7, wherein the control-
ler is configured to, based on the SOC of the battery being
less than the voltage compensation point, decrease the target
air/fuel ratio for performing lean combustion.

9. A method for controlling an ignition apparatus, the
method comprising:

determining, by a controller, an operation region of an

engine;

selectively performing, based on the operation region of

the engine, (i) a single-stage ignition by one of a
plurality of ignition coils or (ii) a multi-stage ignition
by the plurality of ignition coils, by the controller;
controlling, based on a driving point of the engine, a
charging speed, a number of discharges, and a dis-
charge maintaining period of the ignition coil that is
selected to perform the ignition, by the controller; and

controlling, based on a state of charge (SOC) of a battery,
the charging speed and a target air/fuel ratio of the
ignition coil, by the controller.

10. The method of claim 9, wherein:

based on the operation region of the engine being a region

performing lean combustion, the multi-stage ignition is
performed, and

based on the operation region of the engine not being the

region performing lean combustion, the single-stage
ignition is performed.

11. The method of claim 10, wherein controlling the
charging speed comprises increasing, in the operation region
performing lean combustion, based on the driving point of
the engine being moved from a low-load to a high-load, the
charging speed of the ignition coil.

12. The method of claim 10, wherein controlling the
discharge maintaining period and the number of discharges
comprises, in the operation region performing lean combus-
tion, based on the driving point of the engine being moved
from a low-speed to a high-speed, increasing an initial
discharge current of the ignition coil and decreasing the
discharge maintaining period and the number of discharges.

13. The method of claim 10, wherein controlling the
charging speed comprises increasing, in the operation region
performing lean combustion, based on the SOC of the
battery being greater than a voltage compensation point, the
charging speed of the ignition coil the SOC increases.

14. The method of claim 13, wherein controlling the target
air/fuel ratio comprises decreasing, in the operation region
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performing lean combustion, based on the SOC of the
battery being less than the voltage compensation point, the
target air/fuel ratio for performing lean combustion.
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