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Description

TECHNICAL FIELD

[0001] The present invention relates to a control device
for a hybrid vehicle.

BACKGROUND ART

[0002] As is known from JP 2008 062745 A, in an en-
gine start control system for a hybrid vehicle provided
with at least an engine, a motor to start the engine, an
inverter to control the motor, and a battery to supply pow-
er to the motor via the inverter, such a technology is
known to control the rotation speed of the motor in order
the available output power to exceed a required power
at the time of engine starting based on the available out-
put power or the potential power output with the battery
and the battery power needed to start the engine, the
former being calculated based on data indicating a rela-
tionship among a battery temperature, battery residual
capacity, a battery temperature detected by a battery
temperature sensor and battery capacity detected by a
battery controller. US 2010/0012405 A1 also discloses
a control system of a hybrid vehicle.

PRIOR ART DOCUMENTS

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0003] However, the potential output power calculated
in the conventional technology refers to a power value
that can be output on a stable basis for a predetermined
period of time (equivalent to the "several seconds value"
used generally in the power control), and this power value
(several seconds value) is also used for comparison with
the required power.
[0004] Since this power value (several seconds value)
indicates, as described above, the power value that can
be output on a stable basis for the predetermined time,
this presents a smaller value than the power value that
can be output momentarily (instantaneous value).
[0005] When comparing with the required power by us-
ing the power value several seconds value) like this, de-
spite the fact that the power value (instantaneous value)
exceeds the required power, since the power value (sev-
eral seconds value) falls below the required power, there
is a risk of decreasing a target rotation speed of motor
excessively. As the target rotation speed of motor de-
creases, the reliability of the engine start deteriorates with
a risk of a longer period of time till the completion of en-
gine start operation. Obviously, with the prolonged period
of time to complete the engine start, the possibility that
the predetermined time for stable power output assumed
based on the power value (several seconds value) will
also be exceeded so that the reliability of the engine start

will be further reduced.
[0006] The problem that the present invention is to
solve is to improve the reliability of engine start for a ve-
hicle in which the engine is started by an electric motor
driven by power supply form the battery.

MECHANISM TO SOLVE THE PROBLEM

[0007] According to the invention, the object is solved
by the features of the main claim. The sub-claims contain
further preferred developments of the invention.
[0008] The present invention solves the above prob-
lem by starting the internal combustion engine by con-
trolling the inverter while controlling the output of the bat-
tery by a voltage control unit in accordance with a first
power value which can be output at the current time within
the limit voltage or clamping voltage of the battery.

EFFECT OF THE INVENTION

[0009] , According to the present invention, the relia-
bility of the engine start will be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG.1 is a block diagram showing an overall config-
uration of a hybrid vehicle in one embodiment ac-
cording to the present invention.
FIG. 2 is a diagram showing a power train of a hybrid
vehicle of another embodiment according to the
present invention .
FIG. 3 is a diagram showing a power train of a hybrid
vehicle of yet another embodiment according to the
present invention .
FIG. 4 is a control block diagram showing the details
of the unified control unit in FIG. 1.
FIG. 5a is a flow chart showing a control procedure
in the unified control unit in FIG..1.
FIG. 5b is a flow chart showing a control procedure
in the unified control unit in FIG. 1.

MODE FOR CARRYING OUT THE INVENTION

[0011] The hybrid vehicle 1 incorporating the control
system of the embodiment according to the present in-
vention is a vehicle of parallel system using a plurality of
power sources such as an internal combustion engine
and an electrically driven generator. As shown in FIG. 1.
the hybrid vehicle 1 in the present embodiment is provid-
ed with an internal combustion engine (hereinafter re-
ferred to as "engine"), first clutch 15, electrically driven
generator 20 (hereinafter "motor/generator"), second
clutch 25, battery 30, inverter 35, automatic transmission
40, propeller shaft 51, differential gear unit 52, drive shaft
53, and left and right driving wheels 53, 54.
[0012] The engine 10 is one of the driving source that
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outputs a drive energy by burning gasoline, light oil, etc.,
and a valve openness of throttle valve or fuel injection
amount of fuel injection valve, etc. is controlled based on
the control signal from the engine control unit 70.
[0013] The first clutch 15 is interposed between the
output shaft of the engine 10 and the rotating shaft of the
motor/generator 20, and is thus selectively connected
and disconnected (ON/OFF operation) for power trans-
mission between engine 10 and motor/generator 20. As
an example of first clutch 15, a multiple-plate wet clutch
may be enumerated for continuously controlling the hy-
draulic flow rate and hydraulic pressure by way of a linear
solenoid.
At the first clutch 15, hydraulic pressure of hydraulic unit
16 is controlled based on the control signal from unified
control unit 60, and clutch plates of first clutch 15 will thus
be connected (including connection under slipped state)
or released. It is also possible to employ a dry clutch for
the first clutch 15.
[0014] The motor/generator 20 is a synchronous type
motor/generator in which permanent magnets are em-
bedded in a rotor and stator coils are wound around the
stator. This motor/ generator 20 is further provided with
the rotation angle sensor 21 such as a resolver that de-
tects a rotation angle of the rotor. The rotation speed of
the motor/generator is controlled in accordance with the
driving frequency of the inverter 35, where a ratio of the
driving frequency of the inverter 35 presents a ratio of
rotation speed (speed ratio) while the power supplied
from the inverter 108 serves as driving force of the mo-
tor/generator 20 . The motor/generator 20 functions not
only as an electric motor but also as a generator.
[0015] On the other hand, when the rotor is rotated by
external force, the motor generator 20 generates AC
power by causing an electromotive force at both ends of
the stator coils (regeneration). The AC power generated
by the motor generator 20 is converted to DC power by
the inverter 35, and then is charged to the battery 30. In
addition, the motor generator 20 may generate a negative
torque during regeneration and thus performs a braking
function with respect to drive wheel, as well.
[0016] The motor generator 20 is also provided with
the function of the starter motor. In order to start the en-
gine 10, by supplying power to the motor generator 20
from the battery 30, cranking of the engine 10 is per-
formed by operating the motor generator 20.
[0017] Example of battery 30 is listed by the assembled
batteries connected in series or parallel, such as a plu-
rality of lithium ion secondary battery or nickel-hydrogen
secondary battery.
A current-voltage sensor 31 and a temperature sensor
32 to estimate the internal resistance are attached to the
battery 30, respectively and these detection outputs are
output to the motor control unit 80.
[0018] Interposed between motor/generator 20 and
left/right drive wheels 54 is a second clutch 25 for selec-
tively connecting and disconnecting (ON/OFF operation)
power transmission between motor/generator 20 and

left/right drive wheels 54. The second clutch 25 may be
formed as in the case of the first clutch 15, by a multiple-
plate wet clutch, for example. At the second clutch 25,
hydraulic pressure of hydraulic pressure unit 26 is con-
trolled in accordance with control signal from a transmis-
sion control unit 90, the clutch plates of second clutch 25
will thus be connected (including a connection under slop
state) or released.
[0019] The automatic transmission 40 is formed by a
step transmission in which a plurality of speed ratios such
as seven forward speed ratios and one reverse speed
ratio are switched stepwise depending on the vehicle
speed and accelerator opening degree or the like. The
speed ratio of the automatic transmission 40 is controlled
on the basis of a control signal from the transmission
control unit 90.
[0020] The second clutch 25 may be commonly used,
as shown in FIG. 1, with one or some elements among
the plurality of frictional engagement elements which are
fastened at each speed ratio of the automatic transmis-
sion 40. As alternative, the second clutch 25 may be sep-
arately provided from automatic transmission 40. For ex-
ample, as shown in FIG. 2, the second clutch 25 may be
a dedicated clutch interposed between output shaft of
motor/generator 20 and input shaft of automatic trans-
mission 40. Further, as shown in FIG. 3, the second clutch
25 may be a dedicated clutch interposed between the
output shaft of automatic transmission 40 and input shaft
of propeller shaft 51. Note that FIGS. 2 and 3 show con-
figurations of hybrid vehicle in the other embodiments
and the configurations other than the power train are the
same as FIG. 1, only the parts related to power train is
shown.
[0021] Note that, since a conventional step automatic
transmission may be used the automatic transmission
40 of the present embodiment, its detailed structure is
omitted. However, when configuring the second clutch
25 by making use of several friction engagement ele-
ments out of a plurality of friction engagement elements
that are engaged or fastened in each speed ratio of au-
tomatic transmission, those friction engagement ele-
ments will be selected to be connected at the current
speed ratio out of the friction engagement elements with-
in automatic transmission 40.
[0022] Further, the automatic transmission 40 is not
particularly limited to the stepped automatic transmission
with seven forward and a reverse speed ratios as de-
scribed above, and may be of a step transmission with
five forward and one reverse speeds. Moreover, when
the friction engagement element in the automatic trans-
mission 40 is not commonly used as the second clutch
25, a continuously variable transmission is also applica-
ble.
[0023] Returning to FIG. 1, the output shaft of the au-
tomatic transmission 40 is connected to the left and right
drive wheels 54 via a propeller shaft 51, a differential
gear unit 52 and left and right drive shaft 53. In addition,
reference 55 in FIG. 1 denotes left and right steering
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wheel.
Further, in FIGS. 1 to 3, although a rear-wheel drive hy-
brid vehicle is illustrated, it is also possible to apply to
the hybrid vehicle with four-wheel drive or with the front
wheel drive.
[0024] The hybrid vehicle in the present embodiment
is able to be switched among various driving modes as
described below by setting the engine 10 and/or the mo-
tor generator 20 as drive source. Stated anther way, re-
spective travel or drive modes are switched below in ac-
cordance with depending upon the engaged/slipped/re-
lease states of the first and second clutches 15, 25.
[0025] In a travel or drive mode using the motor/gen-
erator (hereinafter referred to as EV drive mode), the first
clutch 15 is released with the second clutch 25 engaged
so that the vehicle travels with power from motor/gener-
ator 20 only as power source.
[0026] In a travel or drive mode using the engine (here-
inafter referred to as HEV drive mode), both the first and
second clutches are engaged to propel the vehicle using
power of at least the engine 10.
[0027] In addition to the above EV and HEV drive
modes, another travel mode may be provided, i.e., a slip
drive mode using the engine, in which vehicle is propelled
by power including that from engine 10 with first clutch
15 engaged and second clutch maintained in a slipped
state (hereinafter referred to as WSC drive mode, Wet
Start Clutch). The WSC drive mode is operable to achieve
a creeping travel of the vehicle particularly when the state
of charge (SOC) of battery 30 is low or when the temper-
ature of cooling water of engine 10 is low.
[0028] Note that, when switching to the HEV drive
mode from the EV drive mode, the first clutch 15 that has
been released is fastened to enable to start the engine
using the torque of the motor generator 20.
[0029] Further, during the HEV drive mode, an engine
drive mode, motor-assisted drive mode and travel with
generation are provided respectively.
[0030] In the engine drive mode, drive wheels 54 are
propelled using engine 10 only as a power source without
operating motor generator 20. In the motor-assisted drive
mode, both the engine 10 and the motor generator 20
are driven to propel drive wheels 54 by using the two as
power source. Finally, in the travel with generation mode,
the vehicle travels by driving drive wheels 54 using en-
gine 10 as power source while charging the battery 30
by allowing motor/generator to function as generator.
[0031] Note that, in addition to the modes described
above, in a vehicle stopped state, control may be further
switched to a generation mode in which power of engine
10 is used to allow the motor/generator to function as
generator to charge battery 30 or to supply power to elec-
trical equipments.
[0032] As shown in FIG. 1, the control system of the
hybrid vehicle 1 in the present embodiment is provided
with a unified control unit 60, engine control unit 70, the
motor control unit 80, and a transmission control unit 90.
These control units 60, 70, 80, 90 are connected to each

other via a CAN communication, for example.
[0033] Engine control unit 70 controls the opening de-
gree of the electronic control throttle to obtain the target
engine torque calculated by the unified or integrated con-
trol unit 60. An intake air amount in accordance with throt-
tle opening is introduced into engine 10 and the intake
air amount is measured by an airflow meter (not shown)
disposed at the upstream of the electronic control throttle.
Engine control unit 70 controls the fuel injection using a
fuel injector based on the intake air amount and rotation
speed of engine detected by a crank angle sensor (not
shown) and further controls ignition timing using a spark
plug. Note that information about engine rotation speed
Ne, engine torque Te is output to the unified controller
60 via CAN communication line.
[0034] Motor control unit 80 receives information from
rotation angle sensor 21 disposed at motor/generator 20
and outputs to inverter 35 a command to control an op-
erating point of motor/generator 20 (motor rotation speed
Nm, motor torque Tm) to control drive frequency of in-
verter 35 so that a target rotation speed and a target
torque calculated by unified control unit 60 may be ac-
quired. In addition, motor control unit 80 calculates and
manages a state of charge (SOC) of battery 30 based
on the current and voltage values detected by the cur-
rent/voltage sensor 31. This battery SOC information is
used as control information of motor/generator 20 and
sent to the unified control unit 60 via CAN communication
line.
Moreover, motor control unit 80 estimates motor /gener-
ator torque Tm based on value of current flowing in the
motor/generator (based on the sign of the current value
a distinction is made between a motor drive control torque
and regenerative control torque). The information about
this motor/generator torque Tm will be transmitted to uni-
fied control unit 60 via the CAN communication. In addi-
tion, motor control unit 80 transmits a battery temperature
detected by temperature sensor 32 to unified control unit
60.
[0035] Transmission control unit 90 receives sensor
information from accelerator opening sensor 91, a vehi-
cle speed sensor 92, second clutch hydraulic pressure
sensor 93, the inhibitor switch 94 that outputs a signal
corresponding to the position of the shift lever operated
by the driver, and outputs to the hydraulic unit 26 an in-
struction to control the engagement and release of the
second clutch 25 based on a second clutch control in-
struction from the unified control unit 60. Note that the
information regarding the accelerator opening APO, ve-
hicle speed VSP, and inhibitor switch is transmitted to
the control unit 60 via CAN communication.
[0036] By managing the energy consumption of the
overall hybrid vehicle 1, the unified control unit 60 is re-
sponsible for the function to propel the hybrid vehicle 1
efficiently. Control unit 60 obtains sensor information
from second clutch output rotation speed sensor 61 to
detect output rotation speed N2out of second clutch 25,
second clutch torque sensor 62 to detect the transmis-
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sion torque capacity TcL2 of second clutch 25, brake
hydraulic pressure sensor 63, temperature sensor 64 to
detect a temperature of second clutch 25, and G sensor
65 to detect longitudinal and lateral acceleration of the
vehicle. In addition to these information, unified controller
60 further receives sensor signals via CAN communica-
tion.
[0037] Moreover, unified control unit 60 carries out,
based on these information, an operation control of en-
gine 10 by the control instruction to engine control unit
70, operation control of motor/generator 20 by control
instruction to motor control unit 80, operation control of
automatic transmission 40 by control signal to transmis-
sion control unit 90, an engagement/release control of
first clutch 15 by a control instruction to hydraulic unit 16
of first clutch 15, and engagement/release control of sec-
ond clutch 25 by a control signal to the hydraulic unit 26.
[0038] Also, unified control unit 60 receives signals re-
sponsive to ignition key being turned ON by the driver or
an idling stop release condition being satisfied. In addi-
tion, in a vehicle stopped state or at the vehicle drive at
low load, provided that a predetermined engine automat-
ic stop conditions are satisfied (i.e., vehicle speed is be-
low a predetermined vehicle speed, acceleration depres-
sion amount is below a predetermined amount, etc.), en-
gine 10 will be stopped automatically to further reduce
the fuel consumption and exhaust emissions.
[0039] Now, description is made of the control execut-
ed by the unified control unit 60. FIG. 4 is a control block
diagram showing the details of the unified control unit 60.
As shown, in FIG. 4, the unified control unit 60 includes
a voltage control unit 601, power control unit 602, engine
starting unit 603 and rotation speed setting unit 604.
[0040] The voltage control unit 601 controls power out-
put from battery 30 depending on detected voltage of
battery 30 detected by voltage sensor 31, battery tem-
perature and degradation state of battery. With respect
to voltage control unit 601, an upper limit Voltage and
lower limit voltage are respectively set, and the voltage
of battery 30 will be controlled within a safe voltage range
between the lower limit voltage and upper limit. The upper
limit or lower limit indicate a restrictive voltage at which
battery 30 can be used safely.
[0041] As described above, motor control unit 80 sets
the driving frequency of the inverter 35 in response to a
request to the motor generator 20 regarding a target
torque instructed from the unified control unit 60. In order
to operate the inverter 35 in that driving frequency, dis-
charge current of battery 30 flows from battery 30 to the
inverter 35.
[0042] If the detected voltage of the battery 30 is higher
than the lower limit voltage, a current corresponding to
the drive frequency set is discharged from the battery 30.
That is, without restricting the power of the battery 30
within the limit voltages, the voltage control unit 601 al-
lows to supply power from the battery 30 to the inverter
35. On the other hand, when the detection voltage of the
battery 30 is lowered and reaches the lower limit voltage,

voltage control unit 601 does not discharge the current
corresponding to the drive frequency from battery 30, but
restrict the discharge current from battery 30 to thereby
control the detection voltage of battery 30 not to fall below
the lower limit voltage. Moreover, when the detection volt-
age of battery 30 further decreases and falls below the
lower limit voltage, voltage control unit 601 further re-
stricts the current discharged from battery 30. In other
words, voltage control unit 301 does not pose restriction
on the outputtable or available output power of battery
30 when the detection voltage of battery 30 is higher than
the lower limit value and outputs the power correspond-
ing to the drive frequency of inverter from battery 30. On
the other hand, when the detection voltage of battery 30
is equal to or below the lower limit voltage, then the power
of battery 30 will be restricted and the power that is lower
than the available power with battery 30 will be output.
Thus, voltage control unit 601 controls the output of bat-
tery 30 by comparing the detection voltage of battery 30
with the lower limit voltage as a restrictive voltage and in
accordance with the comparison results.
[0043] When charging battery 30 by regenerative op-
eration of motor/generator 20, voltage control unit 601
controls the input voltage of battery 30 in accordance
with the comparison result between the detection voltage
of battery 30 and the upper limit voltage. In other words,
when the detection voltage of battery 30 is lower than
the upper limit voltage, voltage control unit 601 does not
pose any restriction on power derived from regenerative
operation of motor/generator and supply to the battery
30. When the detection voltage of battery 30 reaches the
upper limit voltage, voltage control unit 601 controls to
lower the charging voltage to battery 30 to thereby pose
restriction on the power due to the regeneration of mo-
tor/generator 20 while controlling the input power of bat-
tery 30.
[0044] Based on the state of the battery 30, power con-
trol unit 602 refers to a map stored in advance and cal-
culates an output of battery 30, and subsequently con-
trols the output of battery 30 so that the output corre-
sponding to drive frequency of inverter may be output
from battery 30 to inverter 35. Power control unit 602
uses the state of charge (SOC) of battery 30, temperature
of battery 30, and degree of deterioration of battery 30,
etc., as representative of the state of battery 30. The SOC
of battery 30 may be calculated by current and voltage
detected by current sensor and voltage sensor 31, re-
spectively, while temperature of battery 30 is detectable
by temperature sensor 32. The map stored in power con-
trol unit 602 relates output power of battery 30 with re-
spect to SOC, temperature of battery 30 and deteriora-
tion. In addition, power control unit 602 refers to the map
stored therein for calculation of output power of battery
30 based on the calculated SOC and detected temper-
ature.
[0045] Here, the output power calculated with refer-
ence to the map by power control unit 602 indicates a
power that is outputtable or available from battery 30 (two
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seconds value, for example) for a predetermined time
(two seconds for example). Therefore, when power is
required from battery 30 which exceeds the power cal-
culated by power control unit 602, control is carried out
by power control unit 602 not to output the power exceed-
ing the calculated power from battery 30. In addition, pow-
er control unit 602 uses a map for calculating the power
that is outputtable for a predetermined time. Thus, when
the calculated power is required for a time longer than
the predetermined time, it may occur that the calculated
power will not be output from battery 30.
[0046] The internal combustion engine starting unit
603 drives engine 10 based on the start signal to start
the engine 10, by driving the motor generator 20 via the
motor control unit 80. When ignition switch (not shown)
has been turned ON, the starting signal to start up engine
10 is transmitted from the switch for receipt by motor
control unit 80. In addition, the internal combustion en-
gine starting unit 603 also starts up engine 10 when tran-
sitioning from EV drive mode to HEV drive mode, and
when transitioning from EV drive mode to a mode in which
the vehicle is propelled by engine only. Note that switch-
ing in drive mode is managed by unified control unit 60
depending on the accelerator opening and vehicle speed.
[0047] The rotation speed setting unit 604 sets the ro-
tation speed of the motor/generator 20 when cranking to
start the engine 10. In addition, the rotation speed setting
unit 604 lowers rotation speed of motor/generator 20 and
thereby lowers the power necessary to start up engine
10 when the power value (instantaneous value) calculat-
ed by voltage control unit 601 is lower than the power
necessary to start engine 10.
[0048] Now, description is made of control at starting
engine 10 by referring to FIGS. 1 and 4. First, unified
control unit 60 , in response to receipt of a starting signal
to start engine 10 from the state in which the SOC of
battery 30 is low and in a vehicle stopped state, controls
the power of battery 30 by voltage control unit 60. In ad-
dition, unified control unit 60 detects a temperature of
battery 30 by temperature sensor 32. With unified control
unit 60, a threshold temperature is set for switching the
lower limit voltage. Further, when the temperature of bat-
tery 30 is higher than the lower limit temperature, the
voltage control unit 601 controls battery 30 without low-
ering the previously set lower limit voltage while at the
temperature of battery 30 being lower than the threshold
temperature for switching the lower limit voltage, then
voltage control unit 60 controls battery 30 by decreasing
the lower limit voltage previously set.
[0049] It should be noted here that, when the temper-
ature of battery 30 is lower than the threshold tempera-
ture for switching the lower limit voltage , as a character-
istic of the battery 30, the IV characteristics (current-volt-
age characteristics) indicates the characteristic with
downward convex shape. Therefore, when the output
voltage of battery is lowered, the discharge current of
battery 30 will be even higher so that the power of battery
30 which corresponds to the product of voltage and cur-

rent will be higher than the power prior to the lowering
the voltage.
On the other hand, when temperature of battery 30 is
higher than the threshold temperature (such as in the
state of room temperature), the lowering the output volt-
age of battery 30 will lead to the higher power of battery
30, yet the amount of power increase is small compared
with the state in which temperature of battery 30 is low.
In addition, even if the voltage range assures the safety
of battery 30, when battery 30 would be discharged at
low temperature, the deterioration of battery 30 will be
accelerated. Thus, the threshold temperature is selected
to be the temperature at which increase in power will be
expected by lowering the voltage in view of the charac-
teristics of battery 30 involved. Therefore, when the tem-
perature of battery 30 is higher than the threshold tem-
perature, voltage control unit 601 does not reduce the
lower limit voltage. In this way, shortening of the life of
the battery 30 is prevented. When the temperature of
battery 30 is lower than the threshold temperature, the
voltage control unit 601 may enhance power of battery
30 by lowering the lower limit voltage.
[0050] Further, the voltage control unit 601 calculates
an instantaneously outputtable or available power value
(instantaneous value) with battery 30 based on the de-
tection voltage of voltage sensor 31 and the current that
can be discharged from battery 30, and compares the
power value (instantaneous value) calculated by the cal-
culation and the power necessary to start engine 10.
When the calculated power value (instantaneous value)
is higher than the power necessary to start engine 10,
voltage control unit 601 supplies the power of battery 30
to motor /generator 20, and the internal combustion en-
gine starting unit 603 engages clutch 15 to thereby start
the engine 10. On the other hand, when the calculated
power is lower than the power necessary to start engine
10, rotation setting unit 604 lowers rotation speed of mo-
tor so as to allow the power value (instantaneous value)
to be higher than the power necessary to start engine
10, then internal combustion engine starting unit 601 en-
gages clutch 15 to start engine 10.
[0051] Motor control unit 80 sets the drive frequency
to start engine 10 and controls the inverter 35. Further,
when the detection voltage of battery 30 is higher than
the lower limit voltage, voltage control unit 60 does not
pose restriction on power of battery 30, thus the power
will be output in accordance with the set drive frequency.
[0052] If engine has been combusted or exploded com-
pletely before the voltage of battery 30 reaches the lower
limit voltage, since regeneration by the motor generator
20 using the power of the engine 10 may now be used
to charge the battery 30, the voltage of battery 30 may
be maintained higher than the lower limit voltage. On the
other hand, in response to engine 10 being cranked and
voltage of battery being thereby lowered to reach the
lower limit voltage, then voltage control unit 601 restricts
on output power from battery 30 and controls in such a
way that the voltage of battery 30 will not fall below the
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lower voltage value. At this instance, since engine 10 is
already cranking, engine 10 may be continuously
cranked even at the power necessary to start engine 10.
[0053] Incidentally, in the case of starting the engine
10 by the power control using the map, the power control
unit 602 calculates the outputtable or potential power
(several seconds value) that is available for a predeter-
mined time, as described above. Therefore, despite the
situation in which the power value (instantaneous value)
that is available momentarily or instantaneously is higher
than the required power, because the power value (sev-
eral seconds value) is below the required power, there
has been a possibility that the target motor rotation speed
of motor is forced to be lowered more than necessary.
As the target motor rotation speed decreases, the time
duration required up to the timing at which engine 10 is
combusted completely from cranking. Thus, the reliability
of engine start will be reduced and the time to complete
engine start Is prolonged. Needless to say, when the time
up until engine start completion is prolonged, the power
value (several seconds value) calculated by power con-
trol unit 602 may not be output to engine 10 on a contin-
uous basis until engine start-up completion. In addition,
in a situation in which the rotation speed for staring engine
10 is set lower by rotation speed setting unit 604, the
certainty that the number of fuel injection will be larger
up until complete combustion or self sustaining or auton-
omous rotation with reduced reliability of engine start-up,
it is even difficult to accurately grasp the required time
up to the complete combustion. Therefore, the accuracy
with which to estimate the power required to start the
engine 10 is deteriorated.
[0054] Further, by the sensors for vehicle control used
in power control by power control unit 602 or a CPU such
as used in unified control unit 60, the state of battery 30
may not necessarily be estimated with accuracy,. so that
the calculated power can differ from the actually available
power with battery 30, or the actually available output
period of battery is possibly be longer than the predeter-
mined period of the power value calculated. Therefore,
the accuracy of the calculated power is deteriorated with
respect to the actual output power of the battery 30.
[0055] More specifically, when starting engine 10
through power control, the rotation speed of motor has
been set to a excessively lower speed, or engine cannot
be started actually despite the calculation predicting a
successful start up.
[0056] As described above, since engine 10 is started
by output of battery 30 that is controlled by voltage control
unit 601, engine 10 may be started by supplying the ac-
tually available power with battery 30 to motor/generator
20 until the voltage of battery 30 reaches the lower limit
voltage. In the present embodiment, in response to the
driver’s operation of ignition switch turning ON to start
engine 10, for example, the power control of battery 30
by power control unit 602 is prohibited while the output
of battery is controlled by voltage control unit 601 only to
thereby start engine 10.

[0057] , Further, through the voltage control, based on
the comparison between the power value (instantaneous
value) and the required power value and, by executing
the rotation speed setting by rotation speed setting unit
604, the rotation speed of motor/generator 20 for starting
engine 10 will be suppressed from being set excessively
lower than necessary. Thus by carrying out the rotation
speed setting by the power value (instantaneous value)
while controlling the output within the upper and lower
limit voltage range, the reliability of engine start up may
be significantly improved.
[0058] Now, using FIGS. 5a and 5b, the control proce-
dures of the control system in the hybrid vehicle in the
present embodiment is described. FIGS 5a and 5b show
flow charts respectively showing a control procedure in
the control system of the hybrid vehicle.
[0059] Upon the operation of the present control sys-
tem being started, in step S1, the driver turns on the ig-
nition switch, and unified control unit 60 receives a start-
ing signal to start engine 10. In step S2, unified control
unit 60 controls output of battery 30 by voltage control
unit 601. In step S3, voltage control unit 601 detects an
open circuit voltage across battery 30 by using voltage
sensor 31 to compare with a predetermined threshold
voltage (Vx). The predetermined threshold voltage (Vx)
is set in advance for protection of the battery 30. When
the open circuit voltage of battery 30 is higher than the
threshold voltage (Vx), control proceeds to step S4. On
the other hand, when the open circuit voltage of battery
10 is lower than the threshold voltage (Vx), voltage con-
trol unit 601 withholds to start engine 10 at step S31 but
lights a warning bulb not shown and thereby alerts to the
occupant.
[0060] In step S4, the unified control unit 60 compares
a detected temperature (T) of battery 30, which is detect-
ed by the temperature sensor 32 and a threshold tem-
perature (TL) set in advance. When the detected tem-
perature (T) is equal to or greater than the threshold value
(TL), control proceeds to step S41 in FIG. 5b. On the
other hand, at the detected temperature (T) being lower
than the threshold temperature (TL), control proceeds to
step S5.
[0061] First, description is made of a control procedure
following step S5. In step S5, the unified control unit 60
sets the previously set the lower limit voltage (VL) to a
lower limit voltage (VL1) lower than the lower limit voltage
(VL). Note that the lower limit voltage (VL) represents
such a lower limit voltage value at which battery 30 may
be used safely in a normal temperature condition in which
the temperature of battery 30 is higher than the threshold
temperature TL. In addition, the lower limit voltage (VL1)
represents such a lower limit voltage value at which bat-
tery 30 may be used safely at a low temperature condition
in which a temperature of battery 30 is lower than the
lower limit temperature (TL).
[0062] In Step S6, the voltage control unit 601 supplies
the power to the battery 30 necessary for starting the
engine 10, and internal combustion engine starting unit
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603 cranks the engine 10. At step S7, the unified control
unit 60 determines, based on a signal transmitted from
engine control unit 70, whether or not a complete com-
bustion flag indicating complete or self sustained com-
bustion is ON. Engine control unit 70 manages a state
of engine 10 based on rotation speed of engine 10. When
the rotation speed of engine 10 is higher than a prede-
termined rotation speed at which a complete combustion
is assumed, then-engine control unit 70 sets the com-
plete combustion flag ON while at the rotation speed be-
ing lower than the threshold rotation speed at which com-
plete combustion or explosion is established, engine con-
trol unit 70 turns the complete combustion flag to OFF.
[0063] When the complete combustion flag in a OFF
state, at step S71, unified control unit 60 determines
whether or not a predetermined time has elapsed after
receipt of the starting signal. When the predetermined
time has elapsed (time-out), control of present embodi-
ment will end. Thus, when the engine may not be com-
busted completely and operated autonomously, then the
discharge from battery 30 will be inhibited. On the other
hand, unless the predetermined time has elapsed, con-
trol proceeds to step S72. In step S72, voltage control
unit 601 compares detected voltage of battery 30 with
the lower limit voltage (VL1). When the detected voltage
exceeds the lower limit voltage (VL1), voltage control unit
601 continues to supply the current output power to mo-
tor/generator 20 thereby cranking engine 10, and control
returns to step S6. On the other hand, when the detected
voltage is lower than the lower limit voltage (VL1), or
when the detected voltage lowers and reaches the lower
limit voltage (VL1), then voltage control unit 601 lowers
power of battery 30 and controls battery 30 so as to raise
the voltage of battery 30 higher than the lower limit volt-
age (VL1), and control returns to step S7.
[0064] When the complete combustion flag is turned
ON in step S7,unified control unit 60 now controls power
of battery 30 by power control unit 602. Thus, while ve-
hicle driving, control is made by power control unit 602
to thereby stabilize the vehicle behavior. At step S9, the
unified control unit 60 compares the detection voltage of
battery 30 with the lower limit voltage (VL). More specif-
ically, a determination is made as to whether the detec-
tion voltage of battery 30 exceeds higher that the lower
limit voltage (VL) prior to being set to the lower limit volt-
age (VL1) in step S5. In step S91,when the detection
voltage of battery 30 is lower than the lower limit voltage
(VL), battery 30 is charged and control returns to step
S8. When battery 30 is used continuously for a long time
at low voltage, deterioration is accelerated. Therefore,
after engine has combusted fully or completely, battery
30 will be charged by using power of engine 10 to in-
crease the voltage of battery 30. Note that voltage of
battery 30 may be higher than the lower limit voltage (VL)
due to release of discharge load imposed on battery 30,
the control process in step S91 is therefore not neces-
sarily required, but such a control may be carried out so
as not to impose a discharge load on battery 30. When

the detection voltage of battery 30 is higher than lower
limit voltage (VL), the unified control unit returns the lower
limit voltage (VL1) to the lower limit voltage (VL) (step
S10), and control of present embodiment ends.
[0065] Then, in step S4, in a situation in which the de-
tected temperature (T) is equal to or greater than a
threshold temperature(TL), the control routine or proce-
dure following step S41 is now described with reference
to FIG. 5b. In step S41, voltage control unit 601 compares
the power necessary to start engine 10 with the output
power (instantaneous value) of battery 30. When the out-
put power (instantaneous value) of battery 30 exceeds
the required output power, control proceeds to step S43.
On the other hand, when output power (instantaneous
value) is below the required power, then rotation speed
setting unit 604 lowers the rotation speed of motor/gen-
erator 20 for starting engine 10 in step S42. Thus, the
power required for starting engine 10 will be lower. Note
that the rotation speed setting unit 604 may lower the
rotation speed stepwise, or alternatively, rotation speed
setting unit 604 may lower to the rotation speed at which
the required power corresponds to the output power.
[0066] In step S43, voltage control unit 601 supplies
power required to start engine 10 to battery 30, while
internal combustion starting unit 603 cranks the engine
10. In step S44, unified controller 60 determines whether
or not the complete combustion flag is set ON. In the
case of complete combustion flag being OFF, in step
S441, unified control unit 60 determines whether or not
the timeout has been expired. At timeout being con-
firmed, the control of present embodiment terminates.
Thus, when combustion of engine is not completed by
output of battery 30, discharge from battery 30 is prohib-
ited. Unless timeout has been expired, in step S442, volt-
age control unit 601 compares detection voltage of bat-
tery 30 with lower limit voltage (VL). When the detection
voltage is greater than the lower limit voltage (VL), volt-
age control unit 601 continuously supplies the current
output power to motor/generator 20, and cranks engine
10 further and control returns to step S44. On the other
hand, when detection voltage is lower than lower limit
voltage (VL), or when the detection voltage lowers to
reach the lower limit voltage (VL), then voltage control
unit 601 lower the power of battery 30 (step S443), con-
trols battery 30 so that the voltage across the battery 30
will be higher than lower limit voltage (VL), and control
returns to step S44.
[0067] When the complete combustion flag is turned
ON in step S44, in step S45, unified controller 60 controls
power of battery 30 by power control unit 602 and termi-
nates the control of present embodiment.
[0068] As described above, in the present embodi-
ment, voltage control unit 601 controls output of battery
30 in accordance with the comparison result between the
detection voltage of voltage sensor 31 and a limit voltage
of battery 30, and in accordance with the output of battery
30 controlled by voltage control unit 601, inverter 35 is
controlled to start engine 10. Thus, battery 30 may be
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controlled within a safety voltage range to thereby start
engine, and the power may be efficiently output up to the
limit value of voltage of battery 30. As a result, the range
of use of condition of battery may be broadened. In ad-
dition, by carrying on the voltage control while withholding
the power control, the full energy of battery 30 may be
used for cranking operation and thus may expand the
starting enabling conditions of engine 10.
[0069] Moreover, in the present embodiment, when
staring engine 10, output of battery 30 is controlled by
voltage control unit 601, and output control of battery by
the power control unit 602 is prohibited so that the power
control unit 602 does not carries out power control. There-
fore, when starting engine 10, the rotation speed setting
is possible by using the output power value (instantane-
ous value) available with the battery instantaneously or
momentarily, which would lead to a higher probability of
complete combustion of engine 10. In addition, even with
the prolonged time between cranking of engine 10 and
the complete combustion, battery 30 may provide an ac-
tually available or outputtable power up until complete
combustion on a continuous basis within the range of
upper and lower limits.
[0070] Further in the present embodiment, when the
detection voltage of battery 30 is lower than the lower
limit voltage (VL or VL1), the output of battery 30 is re-
stricted. Thus it may be prevented that the detection volt-
age further lowers to over-discharged state of battery.
[0071] In addition, when the power output from battery
30 is lower than the power required for starting engine
10, the rotation speed of motor/generator for starting en-
gine 10 is reduced. Thus, the power required for staring
the engine 10 may be lowered and thus engine 10 may
be cranked.
[0072] Further, when the detection temperature of bat-
tery 30 detected by temperature sensor 32 is lower than
the threshold value (TL), voltage control unit 601 sets the
lower limit voltage (VL) to a lower limit voltage (VL1).
Thus, at battery 30 being at lower temperature, by low-
ering the lower limit voltage (VL), output of battery 30
may be raised. As a result, the range of use of condition
of battery 30 may be expanded.
[0073] Moreover, in the present embodiment, after
lowering the lower limit voltage to lower limit volt-
age(VL1), when the voltage of the battery 30 is higher
than the lower limit voltage (VL), control returns the lower
limit voltage (VL1) to lower limit voltage (VL). Thus, within
a range of low voltage, battery 30 may be prevented from
being used for a long time in the lower voltage region so
that protection of battery 30 may be achieved.
[0074] In addition, in the present embodiment, in re-
sponse to receipt of starting signal to start engine 10,
voltage control unit 601 controls battery 30, and when
receiving a signal indicative of complete combustion of
engine 10, power control unit 602 controls battery 30.
Therefore, when starting engine 10, the power may be
derived up to lower limit voltage of battery 30 so that the
range of use of battery 30 may be expanded. Also, after

complete combustion of engine 10, voltage of battery 30
may be raised by power of engine 10, so that, even under
power control, voltage of battery 30 may be maintained
within a safety voltage range. Thus battery 30 is protected
while extending the battery life and stabilizing the vehicle
operation.
[0075] In addition, in the present embodiment, when
engine may not be combusted completely by output of
battery 30, discharge from battery 30 will be prohibited.
Thus, battery 30 will be prevented from being over-dis-
charged.
[0076] Note that, in the present embodiment, after the
engine 10 has been completely combusted, power con-
trol unit 602 may control battery 30 accompanied by the
control by voltage control unit 601. In addition, in the
present embodiment, in response to the driver’s turning
ignition switch ON and control receiving a starting signal
to start engine 10, voltage control unit 601 control voltage
takes place. However during vehicle drive, when starting
engine during transition from EV drive mode to HEV drive
mode, or , from EV drive mode to the drive mode of en-
gine only, such a voltage control by voltage control unit
601 may be performed. In addition, in the state in which
the vehicle is stopped at traffic signal, etc., for example,
when staring the engine 10, voltage control unit 601 may
perform a voltage control. In addition, only when the ig-
nition switch is turned on by the driver and a starting
signal to start the engine is received, the voltage control
by voltage control unit 601 may be performed.
[0077] Further, in the present embodiment, before re-
ceiving a starting signal to start the engine 10 , when the
power control by power control unit 602 has been carried
out, upon receipt of the starting signal to start the engine,
switch may be made from the power control to voltage
control by the voltage control unit 601.
[0078] , Further, with respect to voltage detection by
voltage sensor 32, when a plurality of unit cells are in-
corporated in battery 30, motor control unit 80 may mon-
itor respective cell voltages and a total voltage of the
battery pack containing the plurality of unit cells. In this
instance, the limit voltage may be provided with respect
to each cell voltage and the voltage of the overall pack,
respectively. When managing the plurality of voltages of
battery cells and that of overall battery pack, in step S4,
the lower limit voltage of each cell may be lowered, or,
such a lower limit voltage will be lowered with respect to
the cell indicating a lower voltage.
[0079] . With respect to control procedure in the control
unit of this embodiment, strict compliance with those
shown in FIG. 5 is not necessary, but each step may be
replaced, or some of the steps may be omitted.
[0080] Note that, in step S71 and S441, when control
is ended with a timeout, repetitive starting operations of
engine 10 may lead to over-discharge of battery 30.
Therefore, when, for example, attempting to start the en-
gine 10 a predetermined number of times without suc-
cess of engine start, such a control to withhold a restarting
may be carried out.
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In addition, when the voltage of battery 30 is lower than
a predetermined voltage, restarting operation may well
be withheld. The predetermined voltage may be set at
which load will be applied on battery by engine restart
and battery 30 would be over-discharged.
[0081] The above described engine 10 corresponds to
the internal combustion engine according to the present
invention, the motor/generator 20 corresponds to the mo-
tor according to the present invention, the first clutch CL1
corresponds to the clutch according to the present inven-
tion, the voltage sensor 31 corresponds to the voltage
detection unit according to the present invention. The
voltage control unit 601 corresponds to the voltage con-
trol unit, the power control unit 602 corresponds to power
control unit, the internal combustion engine starting unit
603 corresponds to the internal combustion engine star-
ing unit, the rotation speed setting unit 604 corresponds
to the rotation speed setting unit, the temperature sensor
32 corresponds to temperature detection unit. The lower
limit voltage (VL) corresponds to the first lower voltage
limit according to the present invention while the lower
limit voltage (VL1) corresponds to the second lower limit
voltage according to the present invention.
[0082] Provided is a control system for controlling a
hybrid vehicle including: an internal combustion engine;
an electric motor for starting the internal combustion en-
gine; an inverter (35) for controlling the electric motor; a
clutch for selectively connecting and disconnecting pow-
er transmission between the internal combustion engine
and the electric motor; and a battery (30) for supplying
power to the electric motor. The control device includes:
a voltage detection unit for detecting the voltage of the
battery (30); a voltage control unit for controlling the out-
put of the battery (30) in accordance with a first power
value currently available within the range of limit voltages
of the battery (30); and an internal combustion engine
starting unit for engaging the clutch to start engine (10)
while controlling the inverter (35) in accordance with the
output from the battery (30) that in turn is controlled by
the voltage control unit.

DESCRIPTION OF REFERNCE SIGNS

[0083]

1 ... Hybrid vehicle
10 ... Engine
15 ... First clutch
20 .. Motor generator
25 ...Second clutch
30 ... Battery
35 ...Inverter
40 ...Automatic transmission
60. ... Integrated control unit
601. ...Voltage control unit
602 ...Power control unit
603 ...Internal combustion engine starting unit
604 ...Rotation speed setting unit

70 ... Engine control unit
80 ...Motor control unit
90 ...Transmission control unit

Claims

1. A control system of a hybrid vehicle (1) including an
internal combustion engine (10), an electric motor
(20) for starting the internal combustion engine (10),
an inverter (35) for controlling the motor (20), a clutch
(15) for selectively connecting and disconnecting
power transmission between the internal combus-
tion engine (10) and the electric motor (20), and a
battery (30) for supplying electric power to the motor
(20), comprising:

a voltage detection unit (31) that detects a volt-
age of the battery (30), characterized by:
a voltage control unit (601) that controls the volt-
age of the battery (30) within a range of previ-
ously set limit voltage and calculates a currently
available first power value of the battery (30)
based on the voltage of battery (30) detected by
the voltage detection unit (31);
a power control unit (602) that calculates a sec-
ond power value available stably from the cur-
rent timing for a predetermined time based on
the battery (30) conditions and, in accordance
with the calculation results, controls the output
of the battery (30);
an internal combustion engine starting unit (603)
that engages the clutch (15) and starts the in-
ternal combustion engine (10) by controlling the
inverter (35) based on the output of the battery
(30) that is controlled by the voltage control unit
(601); and
a rotation speed setting unit (604) that sets a
rotation speed of the motor (20) at the start of
the internal combustion engine (10); wherein
at the start of the internal combustion engine
(10), the rotation speed setting unit (604), when
the first power value is lower than the power val-
ue necessary to start the internal combustion
engine (10), lowers the rotation speed set in or-
der for the first power value will be higher than
the required value, and
the power control unit (602) prevents to control
the output of the battery (30) in accordance with
the second power value.

2. The control system of a hybrid vehicle (1) claimed in
claim 1, wherein
the voltage control unit (601) poses a restriction on
the output of the battery (30) when the detection volt-
age is lower than a lower limit voltage of the battery
(30).
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3. The control system of a hybrid vehicle (1) claimed in
either claim 1 or 2,wherein:

the voltage control unit (601) controls the battery
(30) when receiving a starting signal to start the
internal combustion engine (10); and
the power control unit (602) controls the battery
(30) when receiving a signal indicative of the
combustion completion of the internal combus-
tion engine (10).

4. The control system of a hybrid vehicle claimed in any
one of claims 1 to 3, further comprising:

a temperature detection unit (32) that detects a
battery (30) temperature, wherein
the voltage control unit (601) sets and shifts from
a first lower limit voltage to a second lower limit
voltage lower than the first limit voltage when
the temperature detected by the temperature
detection unit (32) is lower than a predetermined
temperature.

5. The control system of a hybrid vehicle claimed in
claim 4, wherein
the voltage control unit (601) shifts from the second
lower limit voltage to the first lower limit voltage when
the detection voltage of the voltage detection unit
(31) becomes higher than the first lower limit voltage
after having set to the second lower limit voltage.

6. The control system of a hybrid vehicle claimed in any
one of claims 1 to 5, wherein
the voltage control unit (601) inhibits the discharge
from the battery (30) when the combustion comple-
tion of the internal combustion engine (10) is not pos-
sible.

Patentansprüche

1. Steuersystem eines Hybridfahrzeugs (1) mit einem
Verbrennungsmotor (10), einem Elektromotor (20)
zum Starten des Verbrennungsmotors (10), einem
Wechselrichter (35) zum Steuern des Motors (20),
einer Kupplung (15) zum selektiven Verbinden und
Trennen der Kraftübertragung zwischen dem Ver-
brennungsmotor (10) und dem Elektromotor (20),
und einer Batterie (30) zum Zuführen von Strom zum
Motor (20), umfassend:
eine Spannungserfassungseinheit (31), die eine
Spannung der Batterie (30) erfasst, gekennzeich-
net durch:

eine Spannungssteuereinheit (601), welche die
Spannung der Batterie (30) innerhalb eines Be-
reichs einer zuvor eingestellten Grenzspannung
steuert und einen aktuell verfügbaren ersten

Stromwert der Batterie (30) basierend auf der
von der Spannungserfassungseinheit (31) er-
fassten Spannung der Batterie (30) berechnet;
eine Stromsteuereinheit (602), die einen zwei-
ten stabil verfügbaren Stromwert vom aktuellen
Zeitpunkt für eine vorbestimmte Zeit basierend
auf den Bedingungen der Batterie (30) berech-
net, und den Strom der Batterie (30) gemäß den
Berechnungsergebnissen steuert;
eine Verbrennungsmotor-Starteinheit (603),
welche die Kupplung (15) einrückt und den Ver-
brennungsmotor (10) durch Steuern des Wech-
selrichters (35) basierend auf der Ausgabe der
Batterie (30) startet, die von der Spannungs-
steuereinheit (601) gesteuert wird; und
eine Drehzahl-Einstelleinheit (604), die eine
Drehzahl des Motors (20) beim Starten des Ver-
brennungsmotors (10) einstellt; wobei
die Drehzahl-Einstelleinheit (604) beim Starten
des Verbrennungsmotors (10),
wenn der erste Stromwert niedriger als der zum
Starten des Verbrennungsmotors (10) erforder-
liche Stromwert ist, die eingestellte Drehzahl für
den ersten Stromwert senkt, damit der erste
Stromwert höher als der erforderliche Wert ist,
und
die Stromsteuereinheit (602) verhindert, dass
die Ausgabe der Batterie (30) gemäß dem zwei-
ten Stromwert gesteuert wird.

2. Steuersystem eines Hybridfahrzeugs (1) nach An-
spruch 1, wobei
die Spannungssteuereinheit (601) die Ausgabe der
Batterie (30) beschränkt, wenn die Erfassungsspan-
nung niedriger als eine untere Grenzspannung der
Batterie (30) ist.

3. Steuersystem eines Hybridfahrzeugs (1) nach An-
spruch 1 oder 2, wobei:

das Spannungssteuergerät (601) die Batterie
(30) beim Empfangen eines Startsignals zum
Starten des Verbrennungsmotors (10) steuert;
und
die Stromsteuereinheit (602) die Batterie (30)
beim Empfangen eines Signals steuert, das den
Abschluss der Verbrennung des Verbrennungs-
motors (10) kennzeichnet.

4. Steuersystem eines Hybridfahrzeugs nach einem
der Ansprüche 1 bis 3, ferner umfassend:

eine Temperaturerfassungseinheit (32), die ei-
ne Temperatur der Batterie (30) erfasst, wobei
die Spannungssteuereinheit (601) eine erste
untere Grenzspannung einstellt und auf eine
zweite untere Grenzspannung verschiebt, die
niedriger als die erste Grenzspannung ist, wenn
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die von der Temperaturerfassungseinheit (32)
erfasste Temperatur niedriger als eine vorbe-
stimmte Temperatur ist.

5. Steuersystem eines Hybridfahrzeugs nach An-
spruch 4, wobei
die Spannungssteuereinheit (601) von der zweiten
unteren Grenzspannung auf die erste untere Grenz-
spannung verschiebt, wenn die Erfassungsspan-
nung der Spannungserfassungseinheit (31) höher
als die erste untere Grenzspannung wird, nachdem
diese auf die zweite untere Grenzspannung einge-
stellt wurde.

6. Steuersystem eines Hybridfahrzeugs nach einem
der Ansprüche 1 bis 5, wobei
die Spannungssteuereinheit (601) die Entladung der
Batterie (30) verhindert, wenn der Abschluss der
Verbrennung des Verbrennungsmotors (10) nicht
möglich ist.

Revendications

1. Système de commande d’un véhicule hybride (1)
comportant un moteur à combustion interne (10), un
moteur électrique (20) pour démarrer le moteur à
combustion interne (10), un onduleur (35) pour com-
mander le moteur (20), un embrayage (15) pour rac-
corder et séparer sélectivement une transmission de
puissance entre le moteur à combustion interne (10)
et le moteur électrique (20), et une batterie (30) pour
fournir de l’énergie électrique au moteur (20),
comprenant :
une unité de détection de tension (31) qui détecte
une tension de la batterie (30), caractérisé par :

une unité de régulation de tension (601) qui ré-
gule la tension de la batterie (30) dans une plage
de tension limite précédemment définie et cal-
cule une première valeur de puissance actuel-
lement disponible de la batterie (30) sur la base
de la tension de la batterie (30) détectée par
l’unité de détection de tension (31) ;
une unité de commande de puissance (602) qui
calcule une deuxième valeur de puissance dis-
ponible de manière stable à partir du moment
actuel pendant un temps prédéterminé sur la
base des conditions de la batterie (30) et, com-
mande, en fonction des résultats de calcul, la
sortie de la batterie (30) ;
une unité de démarrage de moteur à combustion
interne (603) qui enclenche l’embrayage (15) et
démarre le moteur à combustion interne (10) en
commandant l’onduleur (35) sur la base de la
sortie de la batterie (30) qui est commandée par
l’unité de régulation de tension (601) ; et
une unité de réglage de vitesse de rotation (604)

qui règle une vitesse de rotation du moteur (20)
au démarrage du moteur à combustion interne
(10) ; où
au démarrage du moteur à combustion interne
(10), l’unité de réglage de vitesse de rotation
(604), lorsque la première valeur de puissance
est inférieure à la valeur de puissance néces-
saire pour démarrer le moteur à combustion in-
terne (10), abaisse la vitesse de rotation réglée
afin que la première valeur de puissance soit
supérieure à la valeur requise, et
l’unité de commande de puissance (602) empê-
che de commander la sortie de la batterie (30)
en fonction de la deuxième valeur de puissance.

2. Système de commande d’un véhicule hybride (1) re-
vendiqué dans la revendication 1, dans lequel
l’unité de régulation de tension (601) impose une
restriction sur la sortie de la batterie (30) lorsque la
tension de détection est inférieure à une tension li-
mite inférieure de la batterie (30).

3. Système de commande d’un véhicule hybride (1) re-
vendiqué dans la revendication 1 ou 2, dans lequel :

l’unité de régulation de tension (601) commande
la batterie (30) lorsqu’elle reçoit un signal de dé-
marrage pour démarrer le moteur à combustion
interne (10) ; et
l’unité de commande de puissance (602) com-
mande la batterie (30) lorsqu’elle reçoit un signal
indiquant l’achèvement de combustion du mo-
teur à combustion interne (10).

4. Système de commande d’un véhicule hybride reven-
diqué dans l’une quelconque des revendications 1
à 3, comprenant en outre :

une unité de détection de température (32) qui
détecte une température de la batterie (30), où
l’unité de régulation de tension (601) règle et
passe d’une première tension limite inférieure à
une deuxième tension limite inférieure plus bas-
se que la première tension limite lorsque la tem-
pérature détectée par l’unité de détection de
température (32) est inférieure à une tempéra-
ture prédéterminée.

5. Système de commande d’un véhicule hybride reven-
diqué dans la revendication 4, dans lequel
l’unité de régulation de tension (601) passe de la
deuxième tension limite inférieure à la première ten-
sion limite inférieure lorsque la tension de détection
de l’unité de détection de tension (31) devient supé-
rieure à la première tension limite inférieure après
avoir été réglée à la deuxième tension limite infé-
rieure.
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6. Système de commande d’un véhicule hybride reven-
diqué dans l’une quelconque des revendications 1
à 5, dans lequel
l’unité de régulation de tension (601) empêche la
décharge de la batterie (30) lorsque l’achèvement
de combustion du moteur à combustion interne (10)
n’est pas possible.
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