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(54) CONTROL DEVICE OF HYBRID VEHICLE

(57)  [Object]

It is to provide a control device of a hybrid vehicle
capable of avoiding an engine from being disenabled to
be started after vehicle travel starts.

[Solution]

There are provided an engine 2, a high-voltage sys-
tem with a motor generator 3 for driving, and a start con-
trol unit 101. The start control unit 101 is configured to:
determine whether the engine may be eventually disen-

FIG. 1
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abled to be started, based on a state of a hybrid vehicle
1; perform an HEV start process of starting the engine
to thereafter start the high-voltage system if it determines
that the engine may be eventually disenabled to be start-
ed; and perform an EV start process of starting the
high-voltage system without starting the engine unless it
determines thatthe engine may be eventually disenabled
to be started.

ECU

101
CONTROL UNIT
40
[T ———~¢
I 41 | —
L INV 30
2
23 [ 47 | 4 [ ]
13
ENG }——* T/M MG 5
21— ] 22 }2 K K
1SG 20 7 4 3

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 227 133 A1 2

Description
[Technical Field]

[0001] The presentinvention relatestoa control device
of a hybrid vehicle.

[Background Art]

[0002] Patent Literature 1 discloses a control method
of a hybrid vehicle including a step of detecting various
state amount of the vehicle, and a step of starting a sys-
tem at an EV mode in which an engine is not started if
an EV mode prohibiting condition is not established.
[0003] In such a hybrid vehicle, the system is started
at the EV mode to thereby start vehicle travel and there-
after, the engine is started when an engine start is re-
quested.

[Citation List]
[Patent Literature]

[0004] [Patent Literature 1] JP 2008-213781 A

[Summary of Invention]
[Technical Problem]

[0005] However, thereis aproblem thateven whenthe
engine start is requested, the engine may be disenabled
to be started due to a certain state of the vehicle.
[0006] Thus, an object of the present invention is to
provide a control device of a hybrid vehicle capable of
avoiding an engine from being disenabled to be started
after vehicle travel starts.

[Solution to Problem]

[0007] Accordingtoan aspect of the presentinvention,
there is provided a control device of a hybrid vehicle, the
hybrid vehicle including an engine, and a high-voltage
system with a first motor generator, the hybrid vehicle
being configured to travel using at least one of the engine
and the first motor generator as a driving source, the
control device including a start control unit to perform an
initial system-start process of initially starting a system
of the hybrid vehicle, wherein in the initial system-start
process, the start control unit: determines whether the
engine may be eventually disenabled to be started,
based on a state of the hybrid vehicle; performs an HEV
start process of starting the engine to thereafter start the
high-voltage system if it determines that the engine may
be eventually disenabled to be started; and otherwise
performs an EV start process of starting the high-voltage
system without starting the engine.
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[Advantageous Effect of Invention]

[0008] According to the presentinvention, itis possible
to avoid an engine from being disenabled to be started
after vehicle travel starts.

[Brief Description of Drawings]
[0009]

Fig. 1 is a diagram of a hybrid vehicle mounted with
a control device according to an embodiment of the
present invention.

Fig. 2 is a block diagram showing an inverter in the
hybrid vehicle.

Fig. 3 is a flow chart showing a procedure of an initial
system-start process to be performed in the control
device.

[Description of Embodiment]

[0010] A control device according to an embodiment
of the present invention is mounted on a hybrid vehicle
including an engine, and a high-voltage system with a
first motor generator, the hybrid vehicle being configured
to travel using at least one of the engine and the first
motor generator as a driving source, the control device
including a start control unit to perform an initial system-
start process of initially starting a system of the hybrid
vehicle, wherein in the initial system-start process, the
start control unit: determines whether the engine may be
eventually disenabled to be started, based on a state of
the hybrid vehicle; performs an HEV start process of start-
ing the engine to thereafter start the high-voltage system
if it determines that the engine may be eventually disen-
abled to be started; and otherwise performs an EV start
process of starting the high-voltage system without start-
ing the engine.

[0011] According to the control device, it is possible to
avoid an engine from being disenabled to be started after
vehicle travel starts.

[Embodiment]

[0012] Hereinafter, referring to Figs., a control device
of a hybrid vehicle according to an embodiment of the
present invention will be described.

[0013] As shown in FIG. 1, a hybrid vehicle 1 includes
an engine 2 as a driving source, a motor generator 3 for
driving as a driving source, a transmission 4, a differential
5, driving wheels 6, and an ECU 10 (Electronic Control
Unit).

[0014] The engine 2 is formed with cylinders, being
configured to perform, for each cylinder, a series of four
steps of an intake step, a compression step, an expan-
sion step and an exhaust step.

[0015] The engine 2 is connected with an ISG 20 (In-
tegrated Starter Generator) as an engine starter. Specif-
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ically, the ISG 20 is connected to a crankshaft of the
engine 2 via a belt member such as a belt 21, which is
of a motor generator.

[0016] The ISG 20 has a motor function of rotating with
supplied electric power to thereby rotate the engine 2
and a generator function of converting a rotation power
inputted from the crankshaft into electric power.

[0017] The engine 2 is also connected with a starter
motor 22 as an engine starter. The starter motor 22 in-
cludes a pinion provided at a tip portion of a rotation shaft,
the pinion being configured to mesh with a ring gear at-
tached to the crankshaft of the engine 2 to thereby trans-
mit a driving force from the starter motor 22 to the crank-
shaft. As such, the starter motor 22 is configured to rotate
with supplied electric power to thereby rotate the engine
2.

[0018] The engine 2 is provided with a water temper-
ature sensor 23 to detect temperature of a cooling water
in the engine 2 and send the detection result to the ECU
10.

[0019] The motor generator 3 has a motor function of
applying a driving force by an electric power supplied
from a high-voltage battery 31 through an inverter 30,
and a generator function of generating a regenerative
electric power with a counter driving force inputted from
the differential 5.

[0020] The inverter 30 is controlled by the ECU 10, to
convert DC power supplied from the battery 31 into three-
phase AC power and supply the converted AC power to
the motor generator 3 and to convert three-phase AC
power generated by the motor generator 3 into DC power
and charge the high-voltage battery 31 with the converted
DC power.

[0021] The high-voltage battery 31 is a secondary bat-
tery such as a lithium ion battery.

[0022] As shown in FIG. 2, the inverter 30 includes a
smoothing capacitor 32, switching elements 51, 52, 53,
54, 55, 56, and diodes 57, 58, 59, 60, 61, 62.

[0023] The smoothing capacitor 32 is connected to the
high-voltage battery 31 so that anode and cathode of the
smoothing capacitor 32 are respectively connected to
positive and negative electrodes of the high-voltage bat-
tery 31, to thereby smooth voltage of DC power between
the positive and negative electrodes.

[0024] The switching elements 51, 52, 53, 54, 55, 56
are controlled with a control command of which a duty
ratio is controlled by the ECU 10, so that an alternative
current, of which direction and amount continuously
change, flows in each of U-phase, V-phase, and W-
phase with a phase difference of 120 degree. Thereby,
a stator of the motor generator 3 forms a rotating mag-
netic field to thereby rotate a rotor thereof.

[0025] Between the inverter 30 and the high-voltage
battery 31, there are provided negative and positive elec-
trode siderelays 12, 13 as main relays, a precharge relay
14, and a precharge resistance 15, the precharge relay
14 and the prechargeresistance 15 being interconnected
in series, the positive electrode side relay 13 being in
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parallel to them.

[0026] The negative electrode side relay 12 is config-
ured to be switched, in accordance with a main relay
driving output signal outputted from the ECU 10, between
a conduction state where the negative electrode of the
high-voltage battery 31 and the cathode of the smoothing
capacitor 32 are electrically connected to each other, and
a non- conduction state where these are electrically dis-
connected from each other. In other words, the negative
electrode side relay 12 is configured to be switched be-
tween ON and OFF state.

[0027] For example, the negative electrode side relay
12 is controlled to be placed in the conduction state when
the motor generator 3 is operated.

[0028] Also, the positive electrode side relay 13 is con-
figured to be switched, in accordance with the main relay
driving output signal outputted from the ECU 10, between
a conduction state where the positive electrode of the
high-voltage battery 31 and the anode of the smoothing
capacitor 32 are electrically connected to each other, and
a non-conduction state where these are electrically dis-
connected from each other. In other words, the positive
electrode side relay 13 is configured to be switched be-
tween ON and OFF state.

[0029] For example, the positive electrode side relay
13 is controlled to be placed in the conduction state when
the motor generator 3 is operated.

[0030] The precharge relay 14 is configured to be
switched, in accordance with a precharge relay driving
output signal outputted from the ECU 10, between a con-
nection state where the precharge resistance 15 is elec-
trically connected to the positive electrode side relay 13
in parallel, and a disconnection state where the pre-
charge resistance 15 is electrically disconnected from
the positive electrode side relay 13. In other words, the
precharge relay 14 is configured to be switched between
ON and OFF state.

[0031] For example, the precharge relay 14 is control-
led to be placed in the connection state (i.e., turned ON)
before the motor generator 3 is operated and to be placed
in the disconnection state (i.e., turned OFF) after the pos-
itive electrode side relay 13 is placed in the conduction
state (i.e., turned ON).

[0032] A high-voltage system is constituted of high-
voltage components to be supplied with an electric power
from the high-voltage battery 31, and other components
relating thereto. Specifically, the high-voltage system in-
cludes the motor generator 3, the inverter 30, the high-
voltage battery 31, the negative and positive electrode
side relays 12, 13, the precharge relay 14, and the pre-
charge resistance 15, forexample. The high-voltage sys-
tem may include an electric water pump to cool the high-
voltage components, and an electric negative pressure
pump to ensure negative pressure during EV travel in
which the hybrid vehicle 1 is driven with driving force from
only the motor generator 3.

[0033] Note that in the high-voltage system, at least
there may be included the motor generator 3, the inverter
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30, the high-voltage battery 31, and the negative and
positive electrode side relays 12, 13.

[0034] As shown in FIG. 1, the transmission 4 is con-
figured to change, at a shift ratio corresponding to one
of shift stages, a rotation speed inputted from the engine
2 and output it. An output shaft of the transmission 4 is
connected to the left and right driving wheels 6 via the
differential 5. An output shaft of the motor generator 3 is
connected to that of the transmission 4.

[0035] As shift stages to be established in the trans-
mission 4, there are first (low-speed) to fifth (high-speed)
forward shift stages and a reverse shift stage. The
number of forward shift stages is to be determined de-
pending on the specification of the hybrid vehicle 1, not
limited to 5 (first to fifth shift stages).

[0036] The shift stages in the transmission 4 are con-
figured to be switched therebetween by a shift select ac-
tuator 42, the shift select actuator 42 being controlled by
the ECU 10.

[0037] The ECU 10 switches between the shift stages
in the transmission 4 in accordance with a shift position
of a shift lever 40 to be operated by a driver. As the shift
position, the shift lever 40 includes, e.g., a forward posi-
tion (D range), a motor speed limitation position (B
range), a reverse position (R range), a neutral position
(N range), and a parking position (P range), one of which
is selected by the driver.

[0038] The selected shift position is detected by a shift
position sensor 41. The shift position sensor 41 is con-
nected to the ECU 10, to send the detection result to the
ECU 10.

[0039] A clutch 7 is provided on a power transmission
path between the engine 2 and the transmission 4, such
as a friction clutch. That is, the engine 2 and the trans-
mission 4 are interconnected via the clutch 7.

[0040] The clutch 7 is operated by a clutch actuator 70
to thereby be switched to any one of an engaged state
where power is transmitted between the engine 2 and
the transmission 4, a released state where no power is
transmitted therebetween, and a partial clutch engage-
ment state where a torque is transmitted with a rotational
difference therebetween. The clutch actuator 70 is con-
nected to the ECU 10, to be controlled thereby.

[0041] The hybrid vehicle 1 alsoincludes alow-voltage
battery 11. The low-voltage battery 11 is constituted of a
lead battery, for example. The low-voltage battery 11 is
configured to supply electrical loads, such as the ISG 20,
the starter motor 22, and the ECU 10, with electric power.
[0042] The hybrid vehicle 1 also includes an acceler-
ator pedal 90 to be operated (depressed) by the driver.
The depressed amount thereof is to be detected by an
accelerator pedal position sensor 91. The accelerator
pedal position sensor 91 to detect the depressed amount
of the accelerator pedal 90 as an accelerator opening is
connected tothe ECU 10 to thereby send a signal thereto,
the signal corresponding to the accelerator opening.
[0043] The ECU 10 is constituted by a computer unit
including a Central Processing Unit (CPU), a Random
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Access Memory (RAM), a Read Only Memory (ROM), a
flash memory to store a backup data and the like, and
input and output ports.

[0044] The ROM of the computer unit stores a program
for causing the computer unit to function as the ECU 10,
with various constants and maps. That is, the CPU exe-
cutes the program stored in the ROM using the RAM as
an operation area, causing the computer unit to function
as the ECU 10.

[0045] In such a hybrid vehicle 1, at least one of the
engine 2 and the motor generator 3 is used as a driving
force, at a vehicle travel.

[0046] At an initial system-start of starting a system of
the hybrid vehicle 1 in response to an operation to an
ignition switch (e.g., ignition-on), the ECU 10 determines,
based on a state of the hybrid vehicle 1, whether the
engine 2 may be eventually disenabled to be started, and
performs an HEV start of starting the high-voltage system
while starting the engine 2 if it determines that the engine
2 may be eventually disenabled to be started, otherwise
performs an EV start of starting the high-voltage system
without starting the engine 2.

[0047] Note that "starting the high-voltage system"
means electrically interconnecting the inverter 30 and
the high-voltage battery 31 to supply the motor generator
3 with electric power.

[0048] Specifically, the ECU 10 includes a start control
unit 101. The start control unit 101 performs, at the initial
system-start, an engine start determination of determin-
ing whether the engine 2 may be eventually disenabled
to be started, based on a state of the hybrid vehicle 1.
[0049] At the engine start determination, e.g., if a con-
dition that the current voltage (hereinafter also referred
to as "voltage" ) of the low-battery 11 is higher than a
predetermined voltage value is non-established, the start
control unit 101 determines that the engine 2 may be
eventually disenabled to be started.

[0050] With the engine start determination, the start
control unit 101 performs an engine cooling water tem-
perature determination of determining whether the cool-
ing water temperature exceeds a predetermined temper-
ature.

[0051] As the result of the engine start determination,
when determining that the engine 2 may be eventually
disenabled to be started, the start control unit 101 per-
forms an HEV start process of starting the engine 2 to
thereafter start the high-voltage system.

[0052] In contrast, as the result of the engine start de-
termination, when determining that the engine 2 may not
be eventually disenabled to be started, the start control
unit 101 performs an EV start process of starting the high-
voltage system with the engine 2 stopped (i.e., without
starting the engine 2), in accordance with the engine cool-
ing water temperature determination and a soak time de-
termination to be described later.

[0053] Especially, in the HEV start process, the start
control unit 101 begins starting the high-voltage system
after the start of the engine 2 is completed. For example,



7 EP 4 227 133 A1 8

the start of the engine 2 is determined to be completed
if a rotation speed thereof exceeds a predetermined ro-
tation speed.

[0054] Additionally, with the engine start determination
and the engine cooling water temperature determination,
the start control unit 101 performs a soak time determi-
nation of determining whether a soak time as being a
lapse time (count time) after the system of the hybrid
vehicle 1 is shut down is shorter than a predetermined
time. As the result of the soak time determination, if de-
termines that the soak time is not shorter than the pre-
determined time (i.e., the soak time is the predetermined
time or longer), the start control unit 101 performs the
HEV start process of starting the engine 2 to thereafter
start the high-voltage system.

[0055] In contrast, as the result of the soak time deter-
mination, if determines that the soak time is shorter than
the predetermined time, the start control unit 101 per-
forms the EV start process of starting the high-voltage
system with the engine 2 stopped, in accordance with
the engine start determination and the engine cooling
water temperature determination.

[0056] Next, referring to FIG. 3, an initial system-start
process to be performed in the control device of the hybrid
vehicle 1 will be explained. Note that the initial system-
start process is to be begun in response to the driver's
operation to the ignition switch, e.g., upon starting the
system of the hybrid vehicle 1 following the driver’'s op-
eration thereto.

[0057] At step S 1, the ECU 10 determines whether
voltage of the low-voltage battery 11 is higher than a pre-
determined voltage value of threshold.

[0058] If "YES" atstep S 1 (voltage of the low-voltage
battery 11 is higher than the predetermined voltage val-
ue), the ECU 10 proceeds to step S2, otherwise (if "NO"
at step S1) proceeding to step S5.

[0059] Atstep S2,the ECU 10 determines whether the
soak time is shorter than a predetermined time value of
threshold.

[0060] If"YES"atstep S2 (the soaktimeis shorter than
the predetermined time value), the ECU 10 proceeds to
step S3, otherwise (if "NO" at step S2) proceeding to step
S5.

[0061] Atstep S3,the ECU 10 determines whether the
cooling water temperature in the engine 2 exceeds a pre-
determined temperature value of threshold.

[0062] If "YES" at step S3 (the cooling water temper-
ature exceeds the predetermined temperature value),
the ECU 10 proceeds to step S4, otherwise (if "NO" at
step S3) proceeding to step S5.

[0063] At step S4, the ECU 10 starts the high-voltage
system, subsequently terminating such an initial system-
start process.

[0064] Onthe otherhand, atstep S5, the ECU 10 starts
the engine 2, subsequently proceeding to step S6.
[0065] Atstep S6,the ECU 10 determines whether the
start of the engine 2 is completed.

[0066] If "YES" at step S6 (the start of the engine 2 is
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completed), the ECU 10 proceeds to step S7, otherwise
(if "NO" at step S6) repeating step S6.

[0067] At step S7, the ECU 10 starts the high-voltage
system, subsequently terminating such an initial system-
start process.

[0068] Note thatin FIG. 3, a process to be performed
at step S4 corresponds to the above-mentioned EV start
process, and processes to be performed at steps S5 to
S7 correspond to the above-mentioned HEV start proc-
ess.

[0069] As mentioned above, in the present embodi-
ment, the start control unit 101 performs the engine start
determination of determining whether the engine 2 may
be eventually disenabled to be started, based on the state
of the hybrid vehicle 1 (e.g., voltage of the low-voltage
battery 11). Following the engine start determination, if
determines that the engine 2 may be eventually disena-
bled to be started, the start control unit 101 performs the
HEYV start process of starting the engine 2 to thereafter
start the high-voltage system, otherwise performing the
EV start process of starting the high-voltage system with-
out starting the engine 2.

[0070] Thus,inthe case of determining that the engine
2 may be eventually disenabled to be started, e.g., when
the engine 2 is expected, unless the engine 2 is started
at the initial system-start, to be disenabled to be started
at switching from the EV travel to an HEV travel (in which
both the engine 2 and the motor generator 3 are used as
driving sources at vehicle travel) thereafter, the start con-
trol unit 101 preferentially starts the engine 2 (i.e., uses
the low-voltage battery 11 preferentially to drive the en-
gine starter) to thereafter start the high-voltage system,
reliably starting the engine 2 to prevent voltage of the
low-battery 11 from decreasing to thereby avoid the en-
gine 2 from being disenabled to be started due to voltage
drop in the low-battery 11 after the EV travel starts (i.e.,
avoid the EV travel from being disenabled to be switched
to the HEV travel). For example, unless voltage of the
low-voltage battery 11 is higher than the predetermined
voltage value, the ECU 10 determines that the engine 2
may be eventually disenabled to be started.

[0071] Hence, itis possible to avoid the hybrid vehicle
1 from being disenabled to travel after the hybrid vehicle
1 starts to travel.

[0072] Note that the predetermined voltage value is of
the total of a required voltage to drive the engine starter
and a predetermined margin, for example.

[0073] Inthe HEV start process, the start control unit
101 may begin starting the high-voltage system after the
engine start is completed.

[0074] Thereby, it is possible to prevent the negative
and positive electrode side relays 12, 13 from being fixed
at the start of the high-voltage system.

[0075] Specifically, as to such a fixation, voltage of the
low-voltage battery 11 decreases at a cranking of the
engine 2, causing a power source voltage for the ECU
10 to decrease. Due thereto, if, thereat, the high-voltage
system is begun to be started, the decreased power
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source voltage for the ECU 10 causes a chattering to
occur in the main relay driving output signal outputted
from the ECU 10. Such a chattering may cause an arc
heat to be generated in the negative and positive elec-
trode side relays 12, 13 to thereby cause the fixation
thereof.

[0076] Additionally, following the above-mentioned en-
gine start determination, even unless the start control
unit 101 determines that the engine 2 may be eventually
disenabled to be started, it may perform the HEV start
process when determining that the soak time is not short-
er than the predetermined time value.

[0077] Thereby, when the soak time is relatively-long,
i.e., an engine warm-up is necessary, the HEV start proc-
ess is performed at the system initial start to thereby
warm-up the engine 2, enabling a smooth traveling upon
switching from the EV travel to the HEV travel thereafter.
[0078] Additionally, following the above-mentioned en-
gine start determination, even unless the start control
unit 101 determines that the engine 2 may be eventually
disenabled to be started, the start control unit 101 may
perform the HEV start process when determining that the
engine cooling water temperature does not exceed the
predetermined temperature value.

[0079] In this case (at step S5 through step S3), the
engine 2 is preferable to be started using not the ISG 20
but the starter motor 22.

[0080] This is because, if the engine 2 is started using
the ISG 20 under low-temperature environment, the belt
21 interposing between the engine 2 and the ISG 20 may
be cut. Inorder to prevent the belt 21 from being cut under
low-temperature environment, at the initial system-start
when the engine cooling water temperature is the pre-
determined temperature value or lower, not the ISG 20
but the starter motor 22 is preferably used to start the
engine 2. Note that in this case, although the engine 2
may be started using the starter motor 22 as needed after
not the HEV start process but the EV start process is
performed, in consideration of quietness, the engine 2 is
preferably to be started using the starter motor 22 at the
initial system-start. This is because, at the initial system-
start where the system is started in response to user’'s
start request, the user is not relatively-sensitive to an
engine-start sound due to the starter motor 22.

[0081] In the present embodiment, a configuration
where the output shafts of the motor generator 3 and the
transmission 4 are interconnected is shown, being not
limited to this. The hybrid vehicle 1 may include an EV
mode where the hybrid vehicle 1 is allowed to travel with
power from only the motor generator 3, and an HEV mode
where the hybrid vehicle 1 is allowed to travel with power
from both the engine 2 and the motor generator 3.
[0082] Additionally, in the present embodiment, the
ECU 10 performs various determinations and calcula-
tions based on information from various sensors, but not
limited to this. The hybrid vehicle 1 may include a com-
munication unit communicable with an external device
such as a server to perform them based on the informa-
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tion of various sensors sent from the communication unit,
in which the communication unit receives the determina-
tion and calculation results from the external device and
various controls are performs using the received deter-
mination and calculation results. In other words, the ECU
10 may cause the external device to perform the deter-
minations and calculations.

[0083] Although the embodiment of the present inven-
tion is disclosed above, it is obvious that those skilled in
the art can modify it without departing from the scope of
the present invention. It is intended that all such modifi-
cations and equivalents are encompassed by the claims.

[Reference Signs List]
[0084]

1: hybrid vehicle

2: engine

3: motor generator for driving (first motor generator)
10: ECU

11: low-voltage battery

12: negative electrode side relay (main relay)

13: positive electrode side relay (main relay)

20: ISG (engine starter, second motor generator)
21: belt

22: starter motor (engine starter)

23: water temperature sensor

30: inverter

31: high-voltage battery

101: start control unit

Claims

1. A control device of a hybrid vehicle (1), the hybrid
vehicle (1) including an engine (2), and a high-volt-
age systemwith a first motor generator (3), the hybrid
vehicle (1) being configured to travel using at least
one of the engine (2) and the first motor generator
(3) as a driving source,
the control device comprising:

a start control unit (101) to perform an initial sys-
tem-start process of initially starting a system of
the hybrid vehicle (1),

wherein in the initial system-start process, the
start control unit (101):

determines whether the engine (2) may be
eventually disenabled to be started, based
on a state of the hybrid vehicle (1);
performs an HEV start process of starting
the engine (2) to thereafter start the high-
voltage system if it determines that the en-
gine (2) may be eventually disenabled to be
started; and

otherwise performs an EV start process of
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starting the high-voltage system without it determines that the engine (2) may be
starting the engine (2). eventually disenabled to be started.

2. The control device as claimed in claim 1, wherein

5
the hybrid vehicle (1) further includes an engine
starter (20, 22) to start the engine (2), and a low-
voltage battery (11) to supply the engine starter
with electric power,
the high-voltage system further includes: 10

a high-voltage battery (31);

an inverter (30) to convert DC power sup-
plied from the high-voltage battery (31) into

AC power; and 15
a main relay (12, 13) to electrically con-
nect/disconnect the high-voltage battery
(31)andtheinverter (30)to/fromeach other,

in response to a main relay driving output
signal generated with electric power sup- 20
plied from the low-voltage battery (11), and

in the HEV start process, the start control unit
(101) begins starting the high-voltage system af-
ter the starting of the engine (2) is completed. 25

3. Thecontroldevice as claimedinclaim 1 or2, wherein
in the initial system-start process, the start control
unit (101):

30
also determines whether a soak time is shorter
than a predetermined time value; and
performs the HEV start process upon determin-
ing that the soak time is not shorter than the
predetermined time value, even unless it deter- 35
mines that the engine (2) may be eventually dis-
enabled to be started.

4. The control device as claimed in any one of claims
1 to 3, wherein 40

the hybrid vehicle (1) further includes, as engine
starters (20, 22) to start the engine (2), a second
motor generator (20) and a starter motor (22),

the second motor generator being connectedto 45
a crankshaft of the engine (2) via a belt member
(21), and

in the initial system-start process, the start con-

trol unit (101):

50
also determines whether a cooling water
temperature of the engine (2) exceeds a
predetermined temperature value; and
performs, upon determining that the cooling
watertemperature does not exceed the pre- 55
determined temperature value, the HEV
start process in which the engine (2) is start-
ed using the starter motor (22), even unless
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FIG. 3

( START )

81
VOLTAGE OF LOW-VOLTAGE BATTERY \_NO
IS HIGHER THAN THRESHOLD?
YES <9
T NO

< SOAK TIME < THRESHOLD? >
YES 83

ENGINE GOOLING WATER NO

YES 54 ~S5
START HIGH-VOLTAGE SYSTEM | [ START ENGINE

5 o
< ENGINE START COMPLETES? >

YES ST
START HIGH-VOLTAGE SYSTEM

( END )

10




10

15

20

25

30

35

40

45

50

55

EP 4 227 133 A1

9

des

Europdisches
Patentamt

European
Patent Office

Office européen

brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 23 15 2145

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A US 2020/072176 Al (BOYKO ANTHONY [US] ET 1-4 INV.
AL) 5 March 2020 (2020-03-05) B60K6/387
* the whole document * B60K6/48
————— B60W10/06
A WO 2016/077599 Al (JOHNSON CONTROLS TECH 1-4 B60W10/08
CO [US]) 19 May 2016 (2016-05-19) B60W20/40
* the whole document * B60W20/50
————— B60W30/192
A US 2015/321664 Al (BAE SU HYUN [KR] ET AL) 1-4
12 November 2015 (2015-11-12)
* the whole document *
A US 2022/024442 Al (BALL EDWARD [GB] ET AL) |1-4

27 January 2022 (2022-01-27)
* the whole document *

TECHNICAL FIELDS
SEARCHED  (IPC)

B60K
B60OW
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 19 June 2023 Moroncini, Alessio

CATEGORY OF CITED DOCUMENTS

T
E
X : particularly relevant if taken alone
Y : particularly relevant if combined with another D : document cited in the application
L : document cited for other reasons

document of the same category
A :technological background

: theory or principle underlying the invention

: earlier patent document, but published on, or

after the filing date

O : non-written disclosure & : member of the same patent family, corresponding

P :inte

rmediate document document

1"




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 227 133 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 23 15 2145

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

19-06-2023
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2020072176 Al 05-03-2020 CN 110878734 A 13-03-2020
DE 102019123706 Al 05-03-2020
uUs 2020072176 Al 05-03-2020
WO 2016077599 Al 19-05-2016 CN 107206903 A 26-09-2017
EP 3218221 Al 20-09-2017
Us 2016137092 Al 19-05-2016
us 2018257506 Al 13-09-2018
WO 2016077599 Al 19-05-2016
US 2015321664 Al 12-11-2015 CN 105083273 A 25-11-2015
Us 2015321664 Al 12-11-2015
US 2022024442 Al 27-01-2022 NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

12




EP 4 227 133 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 JP 2008213781 A[0004]

13



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

