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(57) Abstract: A control apparatus for a vehicle including: an internal combustion engine that generates a driving force; and a motor
connected to the internal combustion engine via an elastic body to allow torque transmission, wherein the control apparatus performs
a specific control that controls a rotational speed of the internal combustion engine (23) by a generated torque of the motor (21), and
the control apparatus performs a control so that, even when the strength of the generated torque accompanied with releasing elastic
energy accumulated in the elastic body (36) in the specific control is required to be changed, the strength is not changed when an ab -
solute value of a torque change ratio which is the amount of change per unit time is larger than a predetermined change ratio
threshold and an absolute value of the elastic energy is larger than a predetermined elastic energy threshold.
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CONTROL APPARATUS FOR HYBRID VEHICLE AND CONTROL METHOD
THEREFOR

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The present invention relates to a control apparatus for a hybrid vehicle

including an internal combustion engine and a motor and a control method therefor.

2. Description of Related Art
| [0002] A hybrid vehicle having both an internal combustion engine and a rﬁotor
for vehicle driving (hereinafter, simply referred to as "vehicle") has been known. The
vehicle has a power dividing mechanism such asa planetary gear train in order fo combine
a torque generated by the internal combustion engine and a torque generated by the motor
.to transmit the combined torque to an axle. In order to absorb fluctuation of a torque
generated on.a crankshaft of the internal combustion engine, a torsio'n;al damper in which
two shafts provided on both ends are connected via an elastic body (hereinafter, simply
referred to as, "damper") is interi)osed between the internal combusﬁon engine aﬁd the
power dividing mechanism.

[0003] | In a vibration suppression apparatus of a drive unit (hybrid drive unit)
’disclosed in Japanese Patent Application Publication No. 2001-136605 (JP 2001-136605
A), sincé a torque fluctuation caused by intérmittent explosive combustion of an internal
combustion engiﬁe is transmitted to a motor with a-predetermined delay due to elastic -
deformation of a damper. Accordinély, in order to offset this torque ﬂuctuaﬁon, the
motor generates a periodically fluctuating torque.

[0004] Iﬁcidentally, generally a control apparatus .o‘f “a vehicle selectively
performs, based on a driving situation of a vehicle, the residual amount of a battery SOC
(State of Charge‘) ‘and the like, an engine 'driving fnode for driving only by a torque

generated by an internal combustion engine, a mqtof driving mode for driving only by a
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torque genérated by a motor while the internal combustion eﬁgine is stopped and a motor
assist mode for driving by a torque of both the internal combustion engine and the motor.
" That is, during the driving of the vehicle, the control apparatus appropriately switches
actuation and stopping relating to an operation state of the internal combustion engine.

[000S]  This control apparatus stops fuel injection when it moves the operation
state of the intémél combustion engine from actuation to stopping.” At this time, in order
to avoid vibration and/or occurrence of a noise due to reduction of the rotational speed of
the internal combustion engine, the conntrol apparatus needs to set the rotational speed of -
the internal combustion engine to "0" in a short .time. F.‘Accordingly, the control apparatus
allows thé motor to generate "a torque in the direction that stops the rotation of the internal
combustion engihe" (hereinafter, referred to as "inhibition torque").

[0006] In a vehicle (hybrid vehicle) disclosed in Japanese Patent Application
Publication No. 2009-274627 (JP 2009-274627 -A),‘when an internal combustion engine is
'stoppéd, a motor generates an inhibition torque. Aﬁer that, the vehicle performs the
control that the speed of reducing the inhibition torque, that is, a chahge ratio of the
inhibition torque is once,decreased to prevent the occurrence of shock due to twiét of é

damper during a process of reducing the inhibition torque.

SUMMARY OF THE INVENTION

. [0007] | Incidentally, when a mbtor generates an inhibition torque aﬁd the torque is
transmitted to an internal combustion engine via a dampér, the damper is twisted to
accumulate elastic energy. When the inhibition torque is reduced in a state that the
_ damper is twisted, at least one of botﬁ shafts prOVided for the damper rotates in the
direction that releases the twist of the damper. Due to this rotation, free vibration in
which the damper is rotatably vibrated with its inherent frequency ié excited.

| [0008] = The larger the amount of twist to be released is, the l'arger'. the amplitude of
this free vibration becomes. When the amplitude of the free vibration is large, Vibratiqn
of the vehicle and a noise caused by backlash betweeh parts of a transmission mechanism

such as a power dividing mechanism can occur. The amount of twist to be released has a
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positive correlation with a change ratio which is the amount of change of the thque per
unit time when the inhibition forque is reduced and elastic energy accumulated in the
damper at the time when the inhibition torque is reducéd.

[0009] In other words, in order to prevent the occurrence of the vibration aﬁd a
noise, the control apparatus needs to make the change ratio of a torque of the motor and the
amouht of elastic energy accumulated in the damper below a predetermined amount when
it reduces the inhibition torque. However, in the conventional vehicle describéd above,
the chéngé fatio_of a torque and the ambunt of elastic energy when the inh_ibition torque is
reduced has not been considered. , |

[001>0] On the other hand, free vibration of the damper can be excited also when,
for example, the motor performs cranking to generate "a torque in the direction that rofates
‘the iﬁterrial combustion engine" in the opposite direcfion from that of the inhibition torque
and thereafter the torque is reduced. In this way, as the case that free vibration of the
damper can be cxcitéd, not limited to the case where rotation of the internal combustion
engine is stdpped, various cases can be assumed, for example, the case where the rotation
of the internal combﬁstioﬁ engine is started, the case where the rotational spéed of the
internal combustibn engine is decreased and the case where the rotational speed of the
internal combustion engine is increased.

[0011] The present invention provides a control apparatus for a vehicle that, when |
an absolute value of the magnitude of a ’.torque transmitted from the motor to the internal
combustion engine via the damper is reduced, its reduction ratio and the amount of elastic
enérgy at that time are considered to inhibit vibration generated on the damper and a
- control method therefor.

[0012] A control apparatus for a vehicle according to an aspect of the present
invention including: an internal combustion engine that generates a driving force; and a
motor coﬁnected to the intefnal combustion engine via an elastic body to allow torque
transmfssion, wherein the control apparatus performs a spéciﬁc control that controls a
rotational speed of the intemal combustion engine by a generated torque of the motor. -

| [0013]  Further, the control apparatus performs a control so that, even when a
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strength of the generated torque accompanied with releasmg elastic energy accumulated in
the elastlc body in the spec1ﬁc control is requlred to be. changed the strength is not
“changed when an absolute value of a torque change ratio which is the amount of change
\per unit time is larger than a predetermined change ratio threshold and an absolute value _of
the elastic energy is larger than a predetcrmined elastic energy threshold,

[0014]  According to this aspect, if elastic energy accumulated in the damper
(elastic body) is larger than a predetermined threshold, the torque change is postponed, and
the torque change is executed at the timing that the elastic energy is lowered. | As a result,
the occurrence of the subsequent damper vibration is inhibited, and Vrbratlon of the vehicle
and the occurrence of a noise which could be generated accompanred with the vibration
can be avoided. |

[0015] This aspect is applied to, for example, the case where the inhibition torque
is reduced. In other words, the speciﬁc control is a control that lowers a rctational speed
of the internal combustlon engine by the generated toque of the motor, and the change may
be a change that reduces the generated torque .

[0016]  According to this conﬁguratlon when the control apparatus allows the
motor to generate the inhibition torque and then reduces the 1nh1b1t10n torque, the
occurrence of damper vibration can be inhibited. | -

[0017] Incidental_ly_, when an internal combustion engine is a four-cycle engine,
combustion occurs in a specific cyldinder once in two turns of a crankshaft. For example,
if a "four-cylinder engine is used, combustion occurs in any one of cylinders while the
crankshaft is rotated by 180°. - ’Due to the combustion in the cylinder, a force that presses
a piston is generated, and that force is converted to a torque to rotate the crankshaft.
Accordingly, the torque becomes the maxintum after a predetermined period elapsed from
the occurrence of combustion. That is, the torque generated by this internal combustion
engine fluctuates with a cycle of .a period that the crankshaft is rotated by 180°. As a
result, elastic energy to be accumulated in the damper can be ﬂuctuated due to the \
fluctuation of the generated torque of the internal combustion engjne.

[0018] ‘In addition, for example, when the operation state of the internal

4
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combustion engine is moved from operation to stoppage, the internal combustion engine
stops fuel injection. In this case, since compression and e')‘(pansibn of the air of the
cylinder by the piston are alternatively repeated, the torque that acts on the crankshaft
ﬂugtuates with a cycle of a period that the crankshaft is rotated by 180°. As a result,
elastic ‘energy to be accumulated in the damper can be fluctuated depending on the crank
angle. |

[0019] Consequently, in this ‘aspect, the contrdl apparatus may éstimate the elastic
energyb based on the crank angle of the internal combustion engine.

[0020] On the other hand, a .torqlie générated by the motor can fluctuate
periodically by cogging etc. Consequently,v in this aspect, the control apparatus may
estimate the elastic energy based on the motor angle of the motor. In other words, the
control apparatus can estimate the elastic energy based on th¢ crank angle of the internal
combustion engine and/or the motor angle of the motor.

| [0021] According to the above configuration, thg' control apparatus can cbfrectly
estimate the amount of elastic energy which is changed with the elapse of time during the
rotation of ihe intefnal combustion engin_e.‘ As a result, the cbntrol eipparatus: can
determine with high precision as to whether a torque change of the motor is performed.

[0022] Incidentally, as described abovg, the larger an absolute value of a change
‘ratio of the torque of the motor is, the largef a change of the amount of twist of the damper
éccompanied therewith becomes. If the chénge of the amount of twist of the damper is
large, the amplitude of damper vibration caused after the torque change can be large. As.
a result, there is a possibility that vibration of the vehicle and the occurrencé of a noise
accorhpanied with the vibration ‘of the damper become large. In other words; when the
a;bsolute value of a torque change ratio is small, the amplitude can be small even when
vdamper Vibratioh occurs, and accordingly, the vibration of the vehiélg and/or the -
occurrence of a noise can be avoided even when the control apparatus sets the elastic
energy threshéld to a large value. -

- [0023] Cbnsequently, in this aspect, the elastic energy threshold may be set to

decrease as the absolute value of the torque change ratio increases.
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[0024] Aécording to the above coﬁﬁgu;ation, the control apparatus can avoid the
situation that torque change is not performed by setting an élastic energy‘thrévshold to a
~ large value in a case where an absolufe value of a.change ratio of the torque is small and
there is little possibility of causing damper vibration. As a result, the control apparatus
can inhibit the delay of initiation of a torque changevto the minimum.
[0025] Additionally, the present invention relatés to a vehicle that mounts this

control apparatus and further, to a method used in the control apparatus.

| BRIEF DESCRIPTION OF THE DRAWINGS

[0626] Features, advantages, and technical and industrial signiﬁcance of
exemplary erhbodiments of the invention will be described below with referenée to the
accompanying drawings, in which like numerals denote like elerﬁents, and wherein:

FIG. 1 is a schematic configuration diagram of a vehicle to which a control apparatus
(first apparatus) aécording to the first embodiment of the presént invention is applied;

FIG 2 is é flow chart that explains thé processing exeéuted by fhe ﬁrst apparatus;

FIG. 3 is a map that the first apparatus refers to in. order to obfain- the amount of
elastic energy based on the crank angie of an internal combustion engine;

FIG. 4 is a timing chart that explains the lprocessing»to reduce an inhibition torque
executed by the first apparatus;

FIG. 5 is a flow _Chart that explains the processing executed by a control apparatus
(second apparatus) according to the second embodiment of the present invention;

FIG. 6 is a map that the second apparatus refers to in order to obtain an elastic energy
threshold based in the amount of change of a torque of the internal combustion engine; |

FIG. 7 is a flow chart that explains the processing execufed by a control apparatus
(third apparatus) according to the third embodimqnt of the present invention;

" FIG. 8 is a map that the third apparatus refers to in order to obtain the amount bf

elastic energy based on the crank angle of the internal combustion engine and the fﬁotdr
ahgle; |

FIG. 9 is a flow chart that explains the processing executed by a control apparatus
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(fourth apparatus) according to the fourth erﬁbodiment of the present invention; and
FIG. 10 is a map that ihe fourth apparatus refers to in brder to obtain the scope of the
crank angle allowing a torque change based on the lubrication oil temperature of the .

internal combustion engine.

DETAILED DESCRIPTION OF EMBODIMENTS

[0027] Hereinafter, a controi apparatus of an intérnal combustion engine
according fo an embodiment of the present invention will be explained with re‘ference to
the drawings. FIG 1 is an oﬁtline drawing that shows a schematic configuration of a
vehicle 10 to which the contrbl apparatus according to the presént invention is applied.
The vehicle 10 includes a first motor 21, a second motor 22 and an internal combustion
engine 23. That is, the vehicle 10 is a hybrid vehicle. |

[0028] Each of the first motor 21 and the second motor 22 includes a stator
including a three-phase winding (coil) that ge.nerétes a rotating magnetic field and a rotor
including a permanént magnet that generates a torque due to a magneﬁc force between the
rotating magnetic field and the permanent magnet. Each of the ﬁfst motor 21 and the
second motor 22 can be operated not only as a motor but also as a generator. |

[0029] The first motor 21 is mainly used as a gén’erator. The first motor 21
- further performs cranking of the internél combustion engine 23 at the time of aétivation of
the internal combustio.n engine 23 and generates "an inhibition torque whose direction is -
opposite from the rotational direction of the internal combustion engine 23" to promptly
stop the rotation of the internal‘ combustion engine 23 at the time of stoppage of the
internal combustion engine 23. ‘As the cranking and the occurrence of the inhibition
torque, generating "a térque that acts ‘Lo the internal 'combuétion engine 23" by the first
motor 21 is referred to as "motoring." -

[0030] The second motor 22 is mainly used as a motor and can generate a vehicle
driving force (a torque alloyving fhe vehicle to drive) of _thé vehicle 10. The internal
combustion engine 23 also can generate a vehicle driving force of thé vehicle 10. The

internal combustion engine 23 is four-cylinder four-cycle (stroke) gasoline engine.
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[0031] *  The vehicle 10 includes a power dividing mechanism 31. The power
dividing mechanism 31 isa planetary gear train. That is, the power dividing mephanism
31 includes a not shown sun gear, a nof» shown ring gear disposed concentrically with the .
sﬁn gear, a plurality of not shown pinion gears that engage with the sun gear and also
engage with the ring gear and a .not shown pinion carrier that retains the plurality of piﬁion
geafs rotatably as well as revolutionably around the sﬁn gear.

[0032] To the sun gear, an‘outpuvt shaft of the first motor 21 is connected to allow
torque transmission. To the pinion carrier,v a érankshaft of the internal combustion éngine'
23 is éonnectéd to allow torque transmissio.n. To the ring gear, an output shaft of the
second motor 22 is connected to allow torque transmission via a .speed reduction
mechanism 32. Further, the output shaft of the second motor 22 is connected to an axle
33 to allow torque transmissibn via the speed reduction mechanism 32. The axle 33 is
con_riected to a drive wheel 35 to allow torque transmission via a differential gear 34.

[0033] A torsional damper 36 is interposed between the internal combustion
engine 23 and the power dividing mechanism 31. The torsional damper 36 connects a
shaft on the side of the internal combustion eﬁgine 23 to a shaft on the side of the pbwer
dividing mechanism 31 so that each shaft is rotatable via an elastic body' to absorb
ﬂucftuaﬁon of a torque gén_erated by the inter/nal combustion engine 23. ,

[0034] = The vehicle 10 further includes a battery 41, a boost converter 42 and an
iIVIVGI'teI"43. The battery 41 is a charge-discharge secondary battery (in this émbodimént,
a lithium-ion ‘batte‘ry). A DC power outputted from the battery 41 is subjected to voltage -
conversion (pressure rising) by the boost converter 42. The DC power .subj’ected to
voltage conversion is converted into an AC power by the inverter 43 and suﬁplied to the
first motor 21 and the second motor 22. | |

>[0035] | On the other hand, when the first motor 21 and/Qr the second motor 22
operate as a generator, an AC power generated by them is converted into a DC power by
the inverter 43. Further, the converted DC power is subjeéted to voltage conversion
(pressure lowering) by the boost converter 42 and supplied to the battery 41. As a result,

the baﬁery 41-is charged. Alternatively, the AC power generated by the first motor 21 is.
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supplied to the second motor 22 via the inverter 43. The bopst converter 42 and the
inverter 43 are controlled by a control apparatus 61 which will be described later.

[0036]  The control apparatus 61 includes a plurality of elecfronic control units
(ECU) that controls the vehicle 10. That is, the control apparatus 61 includes, for
example, an MG-ECU that controls the first motof 21 and the second motor 22, an
engine-ECU that controls the internal combustion engine 23, a battery-ECU that monitors
the battery 41 and thé like. Each electronic control unit is a microcomputer that includes
a CPU and a memory etc., and executes each program. Each electronic control unit
exchanges information to each other through a communication line.

- [0037]  The control apparatus 61 Seiectively performs an engine driving mode to
| drive the vehicle 10 only by a torque generated by the internai combustion engine 23, a
motor driving mode to drive thé vehicle 10 only by'a torque génerated by the second motor
22 while the internal combustion engine 23 is stopped and a motor assist mode to drive the
vehicle 10 by a torque of both the internal combustion engine 23 and the second motor 22.
The control apparatus 61 stops the operafion of the internal combustion engine 23 when the -
operation state of the internal combustion engine 23 moves from the activation to the
stoppage, for example, frorn the engine driving mode or the motor assist mode to the motor
driving mode. o _

[0038]  The control apparatus .61 obtains the émount of pressing Ap of an
accelerator pedal 71 from an accelerator operation amount sensor 72 attached to the
accelerator pedal 71. The control apparatus 61 obtains fhe dri\‘/ing speed Vs of the vehicle
10 from a vehicle sneed sensor 73 attached to the axle. The control apparatus 61 obtains
the motor angle MA of the first motor 21 from a resoiver 74 attached to the first motor 21,
The control apparatus 61 obtains the crank angle CA and the rotational speed NE of the .
internal combustion engine 23 from a crank. angle sensor 75 attached to the internal
combustion engine 23. In this embodimenf, the vcrank angle CA is expréssed as an angle
of a specific cylinder (for example, the first cylinder) of the internal combustion engine 23
after the compression top dead center. The control apparatus 61 obtains the lubrication

oil temperature THO of the internal - combustion engine 23 from a lubrication oil
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femperature sensor 76 attached to the internal combustion engine 23.

" [0039]  Next, the operation of the control apparatus 61 will be explained. With
reference to FIG. 2, a processing of inhibiting the occurrence of "damper Vibfation which is
a cause of vibration of the vehicle 10 and/or the occurrence pf a noise" causéd by -
fluctuation of the generated torque of the ﬁrst motor 21 executed by the CPU of the control .
apparatus 61 (hereinafter, sifnply referred to as "CPU"), that is, a vibration suppression
processing will be explained. The CPU starts the processing from step 200 for each
predetermined elapsed time and goes to step 205.

[0040] . In step 205, the CPU determines a requested torque Tr and a requested
output Pr based on the amount of pressing Ap of the accelerator pedal 71 and: the driving
speed Vs of the vehicle 10.  The CPU further determines the amount of charge request G1
of the first motor 21, a command torque T2 of the second motor 22'and a commahd torque
Te of the internal combustion engine’23 and moreover, necessity of motoring by the first
motor 21 and a command torque T1 of the ﬁrsf motor 21 required for motoring if the .
motoring is necessary. The drive control of the first motor 21, the second 'métor 22 and
the internal combustion engine 23 as described above is disclosed in detail, for example, in
Japanese. Patent Application Publication No. 2009-126450 (JP 2009‘-12645_0 A) (US
201070241297 A) and Japanese V‘I’atent ‘Applicatibn Publication No. 9-308012 (JP 9-308012
A) (US Patent No. 6131680 with the U.S. application date of March 10, 1997) etc. These
documents are incorporated herein‘by reference in its entirety. - _

| [0041]  Next, the CPU goes to step 210 to calculate the .difference AT1
(=T1-Tiold) between the cdmm'and torque T1 of the first motor 21 determined in step 205
and a command Tlold of the first motor 21 determined when fhis routine has been
p‘reviously ‘executed. ’ The difference ATI represents the amount of change of the
command torque T1 to "the time from the deter(nination of the command torque T1old to
the determination of the current command torqlie T1." That is, an absolute value of the -
difference AT1 has a correlation with a forque change ratio‘whi_ch is the amount of change
per unit time of the generated torque oyf the first motor 21.

[0042]  Next, the CPU goes to step 215 to determine whether an absolute value of
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the difference AT1 (JAT1]) is larger than a predetermined difference threshold Tref. If the
absolute Valne of the difference AT1 is the difference tnreshold Tref Or less, there is no risk
- of the occurrence of "vibration which is a cause of .Vibration of the vehrcle 10 and/or the
occurrence of a noise” in the torsional démper 36. | In this case, the CPU determines as
"No" in step 215 and goes to step 235. Additionally, the difference. threshold Tref is
previously obtained by an experiment etc., and retained in a memory of the control
apparatus 61. v

[0043] | In‘step 235, the CPU confrols the first motor 21 so that it generates 't‘he
command torque T1. Additionally, there is a possibility that the value of the command
torque T1 is "0." After that, the CPU goes to step '295 to once terminate this routine.

. [0044] ©  On the other hand, if the absolute value of fhe difference AT1 is larger
than the difference thresheld Tref, due to the fluctuation of the torque of the first motor 21,
the vibration as described above could be generated in‘ the torsional damper 36, In this
case, the CPU determines as "Yes" in step 215 and goes to step 220. |

| [0045] In step 220,.the- CPU obtains the crank ?angle CA based on the output of -
the crank angle sensor 75. | | , ‘ ,

[0046]  Next, the CPU goes to step 225 to estimate an elastic energy Ek
accumulated in the torsional damper 36 based on the crank angle CA. More concretely,
since the ‘internal combustion engine 23 is not only a four-cycle engine but a four-cylinder
engine, during the operation of the internal combustion engine 23, combustion occurs in
any one of ‘c_‘ylinders until the crank angle CA is changed by 180°. - After that, a piston is
pressed down due to expansion of air-fuel mixtnre in the cylinder, which generates a torque
to rotdte a crankshaft. At this time, the generated torque in the .internal combustion
engine 23 is maximized, and then the torque is reduced. On the other hand, in a case
where tne CPU stops the fuel injection of the intemalleombustion engine 23 to execute the
motor driving mode, since compression and expansion of the air in the cylinders by the
piston are alternatively repeated, the torque acting to the crankshatft fluctuates with a cycle
of "a neriod in which the crank angle CA is changed by 180°." That is, the torque acting |

to the crankshaft of the internal combustion engine 23 fluctuates with a cycle of the period
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in which the crank angle CA is changed by 180° irrespective of the operation of the
internal combustion engine 23. | | ‘

l0047] When the generated torque of the internal combustion enginé 23 ls
increased, the amount of twist vof the torsional damber 36 is raised to increase the elastic
energy Ek. On the other hand, when the generated torque of the internal combustion
engine 23 is reduced, the amount of twist of “the lorélonal damper 36 is reduced to lower
the elastic energy Ek. Consequently, the elastic energy Ek fluctuates with the same cycle
as that of the fluctuation of the "torque of the-irlternal combuation engine 23. As shown in
FIG 3, the control apparatus 61 retains a map describing the elastic energy Ek to each
crank angle CA on the memory. | This map is previously obtained by an experiment and
the like. The Cl’U obtains a value of the elasﬁc energy Ek to the crank angle CA with
reference to this map. | |

[0048]  Next, the >CPU' goes to step 230 to determine as to whether an absolute
value |Ek]| of the elastic energy Ek is smaller than a predetermined elastic eIlergy threshold
Ekref. If the absolute value |Ek| is-the elastic energy threshold Ekref orr- more, "vibration
which is a cause of vibration of the vehicle 10 and/or the occurrence of a noise” could
occur in the torsional damper 36. In this case, the CPU determines as "No" in step 230
and goes to step 240. Additlonally, the elastic energy threshold Ekref is previously
obtained by an experirhent etc. and retained on the memory of the control apparatus 61.

[0049] In step 240, the CPU maintains the torque of the first motor 21 in a
predetermined period withouf any change. Afier that, the CPU goes to step 220 and
obtairls the crank angle CA again. That is, the CPU postpones the control such 'thal the
first motor 21 generates the command torque T1 until the elaslic energy Ek is smaller than
the elastic energy threshold Ekref.

[0050] On the other hand, if the absolute Value |Ek| of the elastic energy Ek is
smaller than the elastic energy threshold Ekref, there is no risk of generating the vibration
described above in the torsional damper 36. Inthis case, the CPU determines as "Yes" in
step 230 and goes to step 235. | |

[0051] Next, FIG. 4 shows an example of a timing chart when a mode executed
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by CPU is moved from the engine driving mode or the motor assist mode to the motor
driving mode. FIG. 4A shows an inhibition torque generated by the first motor 21, and |
FIG. 4B shows the rotational speed NE of the internal combustion engine 23.‘

[0052] Time tl is the time when the internal combustion engine 23 stopsb the
‘operation accompanied with the moving from the engine driving mode or the motor assist
mode to the mofor driving mode. At this time, the first motor 21 generates a-torque in the
direction to stop the rotation of the internal combustion engine 23, that is, a négativ_e tdrquel.
In this‘ case, the CPU adjusts> the strength of an inhibition torque to prevent a rabid. change
to altorque occurring on the ax-le 33. Due to the inhibition torque, the rotational speed'N.E
is rapidly dropped corhpared with the case that no inhibitién tdrque occurs. ‘ |

[0053]  Time t2 is the time when the first motor 21 is scheduled to start reducing
the inhibition torque (the time when'the strength of the 'generafed torque of the first motor
21 accompanied with releasing of the elastic energy Ek is requested to be changed).
| Howevér, the-CPU postponés reducing the inhibition torque since it performs the vibration
suppression céntrol shown in FIG 2 to determine th.at the elastic energy[Ek is larger thah
the elastic energy threshold Ekref at the time t2 (determines as "No" in step 230) (step
240). | | |

[0054] Additionally, the gradient from time t3 to time t4 of a graph of _.FIG. 4A
(oblique solid line) represents the torque change ratio which is the amount of reduction of
an absolute value of the generated torque per unit time. In this embodiment, since this
gradient is larger (gradient is steep) than that of a graph cérresponding to the differential
threshold Tref, it is determined as "Yes" in step 215 of FIG. 2. |

[0055]  After that, at the fime t3 when the elastiq energy Ek is smaller than the
elastic energy threshold Ekref, the CPU performs the ‘control such tHat the\ﬁrst motor 21
reduces the inhibition torque. The time t4 is the ﬁme when the generated torque of the
first motor 21 becomes "0." The rotational spéed NE has already become "0" at the time
@ |

[0056] As explained above, the control apparatué 61 éccording to the first

embodiment can be applied to a vehicle (vehicle 10) that mounts an internal combustion
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engine (internal qombustion engine 23) that generates a vehicle driving force (torque which
is equal to the command torque Te) and a motor (first motor 21) connected to the internal
combustion engine via anlelastic body (torsional damper 36) to allow 'to‘rque transmission,
and performs a specific control to control the rotational spéed of the intemal -combustion_
engine by the generated torque of the motof (torque'which is equal to the command tofqué
T1). |

| [0057] Further, the control apparatus 61 is conﬁgured such that, even when the
strength of the generated torque accompanied with releasing elastic .energy (elastic »energy
Ek) accumulated in the elastic body in the specific control is required to be changed (step
205 of FIG. 2 and the time t2 in FIG. 4), the strength is not changed (step 240 of FIG. 2) if
an absolute value (JAT1|) of a torque change ratio which is the amount of change per unit
time. is larger than a predetermined change ratio threshold (difference threshold Tref) and
an absolute value of the elastic energy is larger than a predetermiﬁed elastic energy
threshold (elastic energy threshold Ekref) (steps 215 and 230 of FIG 2).

[0058] | Further, the control apparatué 61 performs a spéciﬁc control that lowers
the rotational speed of the internal combustion éngine by the generéted torque of the motor
(A and B of FIG. 4) ;;o cause a change of reducing thé generated torque (timev t2 or after of
FIG. 4A). |

[0059] Further, the control apparatus 61 estimates the elastic energy based on the
‘crank angle (crank angle CA) of the internal combustion enginé (step 225 of FIG. 2 and
FIG. 3). | |

[0060] © According to this control appafatus 61, the occurrence of vibfation of the
torsional damper 36 due to the torque fluctuation of the first motor '21 can be suppressed.
- As a result, vibration of the vchicle 10 and/or the occurrencebof a noise can be avoided.

[0061]  Next, a control apbaratus 6_'2 according to the second embodiment of the
present invention will be explained. In the confrol appafatus \6,1 according to the first
embodimenf, the elastic energy threshold Ekref is a fixed Valﬁe. In contrast, the control
apparatus 62 is different. from the control apparatus 61 only 1n that an elastic energy

threshold Ekref has a negative. correlation with the difference AT1. That is, the CPU of
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the control apparatus 62 (hereinafter, simply referred to as "CPU") is configured such that,
the larger an absolute value [AT1| of the difference AT1 is, the smaller the elastic eriergy
threshold Ekref is. | | |
[0062]  Hereinafter, with reference tol a flowchart shown in FIG. 5 regarding the
operation of the control apparatué 62, mainly the diﬁ‘erencé from the flowchart shown in
" FIG. 2 will be explained. In each step of the flowchart of FIG. 5, when the same
processing as in FIG. 2 is performed, the same reference numeral for step as in FIG. 2 i.s
assigned. The CPU starts the processing from step 500 for each predetermined elapSed-
time and goes to step 205. . - .

- [0063] The CPU goes to step 526 after the processing of step 225. In step 526,
the CPU dete_rmiﬁes an elastic energy threshold Ekref to an absolute value [AT1| of the
difference AT1 with reference to a map retained on a memory of the control apparatus 62
as shown in FIG. 6. This map is previously obtained by an ekperimé_nt etc. Additi.onally,
the larger the absolute ‘value |AT1| of the difference AT1 is, the smaller a value of the
elastic energy threshold Ekref described in this map is. Next, the CPU goes to the
processing of step 230. | |

[0064] As explained above, the control apparatus 62 according to the second
embvodin;ent is configured such that, in addition to fhe processing executed by the control
apparatus 61 according to the first embédiment, the larger an absolute value of the torque
change ratio (absolute valﬁe |AT1| of th'e‘difference AT1) is, the smaller a value of the
elastic energy threshold (elastic energy threshold Ekref) is (step 526 of FIG. 5 and FIG. 6).

[0065] Aécording to the control apparatﬁs 62, when an absolute value of the
torque change ratio is small and the possibility of océurrence of vibration of the da;hper is
low, the elastic energy threshold is set as large to avoid the state that no torque change is

-performed (execution of step 240). As a result, the control apparatus 62 not only avoids
~ vibration of the vehicle .lO'andK/or the occurrence of a noise but suppresses the delay of
initiation of a torque change to the minifmuim.

[0066] Next, a control apparatus 63 according to the third embodiment of the

present invention wilnl._be explained. The control apparatus 61 according to the first
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embodiment estirﬁates elastic energy Ek baseci on the crank angle CA. In contrast, the
confrol apparatus 63 is different from the coﬁtrol apparatus 61 only in that it e‘stimatesv
elastic energy Ek based on the crank angle CA as well as the motor angle MA.
 [0067] Hefeinafter, with reference to a flowchart shown in FIG. 7 regarding the

operation of the control apparatus 63, mainly the difference from the flowchart shown in
FIG. 2 will be explained. In each step of the flowchart of FIG. v7, when the same
processiﬁg as in FIG. 2 is performed, the same reference numeral for step as in FIG. 2 is
assigned. The CPU of the control apparatus 63 (hereinafter, simply referred to as "CPU")
starts the processing from step 700 for each prédetermined elapsed time and goes to step
205. |

[0068] | The CPU goes to step 725 after the processing of step 220. In Step 725,
the CPU estimates elastic energy Ek accumulated in the torsional damper 36 based en the
crank angle CA as well as the mbtor angle MA. More concretely, the torque generated by
the internal combustion engine 23 fluctuates wif[h a cycle of a period that the crank angle
'CA is changed by 180° as described above. ‘ |

[0069] On the other hand, a torque generated by tlhe ﬁrst. motor 21 can be
fluctuated by cogging etc. Consequently, as shown in FIG. 8, the CPU refers to a map in
which the elastic energy Ek to each crank angle CA is described for each motor angle MA.
This map is previously obtained by an experiment etc., and retained on a memory of the
control apparatus 63. The CPU obtains a value of elastic energy Ek to the crank angle CA
with reference to this map. Next, the CPU proceeds to the processing of step 230.

[0070] According to the control apparatus 63, by considering cogging of fhe first
motor 21 in addition to the crapk angle CA of the internal ‘combustion engine 23, the .
- vibration suppression control With higher precision can be performed. As a result,
vibration of the vehicle 10 and/or the occurrence of a ﬁoise can be avoided, and the delay
of e_xecution of a torque change of the first motor 21 can be suppressed to the minimum.

[0071]  Next, a control apparatus 64 according to the fourth embodiment of the
present invention will be explained. The control apparatus 61 according to the first

embodiment estimates elastic energy Ek based on the crank angle CA to determine the
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necessity of a torque change of the first motor 21. In contrast, the control apparatus 64 is
.different from the control apparatus 61 .o.nly in that it determines the necessity of a torque
change based on thé crank angle CA of the internal combustion engine 23 and the
lubricatipn cﬁl temperature THO. |

[0072] The crank angle CA having an elastic energy Ek which is highef than an
~elastic energy threshold Ekref exists ih a specific range. Consequently, if the lower lirnét
crank angle CAmin and the upper limit crank angle CAmax in this fange are obtained, the
CPU of the control apparatﬁs 64 (hereinafter, simply referred to as "CPU") can determine
the neceséity Qf a torque change of the first motor 21 By comparing these angles and the
crank ‘angle CA. That is, when the crank angle CA is smaller than the lower limit crank
angle CAmin or when the crank anglé CA is larger than the upper limit crapk angle
CAmax, the'CPU determines that a generated toque of the first motor 21 may be changed.

[0073] . In addition, the lower limit crank angle CAmin and the upper ﬁmit crank
angle CAmax have a correleitidn with the lubrication oil témperature THO. Accordingly,
the CPU refers to a map as shown in FIG. 10 in which the lower limit crank aﬁgl,e CAmin
and the upper limit crank angle CAmax are described for each lubfication oil terriperature
THO. This map is previously obtained by an experiment etc., and retained on a memory
of thé control apparatus 64. | |

[0074] Hereinafter, w_ittheference to a flowchart shown in FIG. 9 regarding the
operation of the control apparatﬁs 64, mainly the difference from the flowchart shown‘in-
FIG. 2 will be explained. In each s{ep of the flowchart of FIG. 9, when the same prdcess
| as in FIG. 2 is performed, the same reference numeral for step is assigned. The CPU
starts the processing from \step 900 for each predetermined elapséd time and goes to step
205, | | | |

[0075] - The CPU goes to step 920 when it determines as "Yes" in step 215. In
step 920, the CPU obtains the lubrication oil temperature THO based on an output from the
lubrication oil temperature sensor 76. Next, the CPU goes to step 925 to obtain the lower |
limit crank angle CAmin and the upper limit crank angle CAmax to the lubrication oil

temperature THO with reference to the map shown in FIG. 10 as described above.
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_ [00;.76] Next, tho CPU goes to step 930 to obtain the crank angle CA based on an
outpui from the crank angle sensor 75 by the same processing as step 220 in FIG. 2. After
fhat, the CPU goes to step 935. Additionally, after fhe processing of step 240 is
performed, the CPU goes to step 930. o
- [0077] In step 935, the CPU determines as to whether the crank angle CA is
smaller than the lower limit crank angle CAmin. | If the crank angle CA is smaller than the
lower limit crank angle CAmin, as described aboVe, the elastic energy Ek is lower than the
elastic energy threshold Ekref. In this case, the CPU determines as "Yes" in step 935 and
goes to step 235. ‘ ‘ | | |
[0078]  On the other hand, if the orank angle CA is the crank angle CAmin or
more, there is a possibility that the elastic energy Ek is higher than the elastic energy
threshold Ekref. In this case, the CPU determines as "No" in step 935 and goes to step
940. | | |
[0079] In step 940, the CPU determines as to whether the crank angle CA is larger
than the upper limit crank angle CAmax. If the crank angle CA is larger than the uppér
limit crank angle CAmax, the elastic energy Ek is lower than the elastic energy threshold
Ekref. In this .case, the CPU determines as "Yes" in step 940 and goes to step 235.
[0080] On the other hand, if the cvr'ank angle CA is the upper limit crank angle
CAmax or less, the elastic energy Ek is higher thon the‘elastic energy threshold Ekref. In
this case, the CPU determineé as "No" in step 940 and goes to step 240.

) [0081] Accofding to the control apparatus 64, by considering the lubrication oil
temperature THO in addition to the crank angle CA of the internal combustion engine 23,
the vibration suppression control ‘with higher precision can be performed. As a result,
vibration of the vehicle 10 and/or the occurrence of a noise can be avoided, and the delay'
of a torque change of the first motor 21 can be suppressed to the minimum.

[0082]  While each embodiment of the control apparatus according to the present
invention has been explained as described above, the present invention is not limited to
these embodiments, and various modiﬁcations can be achieved unless the invention departs

from its purpose. For example, in each embodiment, the control apparatus according to
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the present invention has been applied to a hybrid vehicle (vehicle 10) in Which a motor
and an internal combustion engine generate a Vehicle‘ driving force. HoWever, the eohtrol\
apparatus ac'cerding to the present inventton may be applied to a gaseline vehicle that
mounts an internal combustion engine that generates a vehicle driving force and a motor
that performs motoring of the internal combustion engine (for example, cranking).

[0083]  For example, the control apparatus 61 according to the first embodiment
estimates elastic energy Ek based on the crank angle CA, and the control apparatus 63 _
according to the third embodiment estimates elastic energy Ek based on the crank angle
CA and the motor angle MA. Howevet, the control apparatus may estimate elastic energy
Ek only based on the motor angle MA.

[0084]  Further, a vi‘bration suppression processing executed. by the control
- apparatus 61 according to the ﬁrst‘ embodiment is performed when [|AT1| having a
correlation with an absolute value of the amount of ehange of the command torque T1 of
the first motor 21 per unit time is larger than a predetermined difference threshold Tref.
That is, the vibration suppression processing is performed in both cases where the ﬁrst
. motor 21 generates a torque in the same direction as the rotational direction of the

crankshaft of the internal combustion engine 23 and where it generates a torque in the
opposite directien from the rotational direction of the crankshaft. However, the vibration
suppression processmg may be performed only in the case where the ﬁrst motor 21
' generates a torque in.the same direction as the rotational dlrectlon of the crankshaft of the .
internal combustion engine 23. Alternatively, the vibration suppress10n processmg may
be performed only in the case where the first motor 21 generates a torque in the opposite
direction from the rotational direction of the crankshaft of the internal combustion engine
23. |

[0085] In addition, the control apparatus 61 refers to the map (FIG. 3) to estimate
elastic energy Ek. However, ‘in o‘rder to estimate the elastic energy Ek, the control
apparatus 61 may respectively retain a map to be referred to when the first motor 21
generates a torque in the same direction as the rotational direction of the crankshaft of the

" internal combustion engine 23 and a map to be referred to when it generates a torque in the
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opposite difectioh from the rotational direction of the crankshaft, and determine a map to
‘be referred to in accordance with the orientation of the torque generated by the ﬁrét motor
21.  Alternatively, the control apparatus 61 may respectively retain a map to be referred to
when the internal combustion engine 23 starts the operation (for eXample, the driving mode
is moved from the motor dr1v1ng mode to the engine driving mode or the motor assist
mode) and a map.to be referred to when the internal combustion engine 23 stops the
operation (for example, the driving mode is moved, from the engine driving mode or the
motor assist mode to the motor driving mode), and detenﬁine a map to be referred to in

accordance with the operation state of the internal combustion engine 23.
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CLAIMS

1. A control apparatus fdr a vehicle including:

an internal combustion ehgine that generates a driving force; and

a motor comieé_ted to the internal combustion engine via an elastic body to allow
torque transmission,

the control apparatus being characterized in that:

the coﬁtrol apparatus performs a specific control that controls a rotational speed of
the internal combustion engine (23) by a generated torque of the motor (21), and

the control apparatus performs a control so that, e\ven. when a strength of the
generated torque accompanied with réleasing elastic energy accumulated in the elastic
‘body (36) in the specific control is required to be changed, the strength is not changed
when an absolute value of a tor(iue change ratio which is the amount of change per unit
time is larger than‘ a predetermined change ratio threshold and an absolute value of the

elastic energy is larger than a predetermined elastic energy threshold.

2. The control apparatus according to claim 1, wherein
the specific control - is a control that lowers a rotational speed of the internal
combustion engine (23) by a generated tofque of the motor (21), and the change is a

change that reduces the generated "tdrque.
3. The control apparatus according to claim 1 or 2, wherein
- the elastic energy is estimated based on a crank angle of the internal combustion

engine (23).

4. The control apparatus according to any one of clams 1 to 3, wherein -

the elastic enérgy is estimated based on a motor angle of the motor (21).

5. The »controly_apparatus éccording to any one of claims 1 to 4, wherein
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the elastic energy threshold is set to decrease as the absolute value of the torque -

change ratio increases.

6. A controi method for a vehicle including:
. an internal combustion engine (23) that generates a driving force; and
| a motor (21) connected to the internal combustion engine (23) via an elastic body
1(3‘6) to allow torque tranémission, , | |
the control method being characterized by comprising:
performing é' specific controi that controls a ‘rotatienal speed of the internal
combustion engine (23) by a generated torque of the‘motor (21); and |
_ performing a eontrol 'so that, 'even when a strength of the generated torque
“accompanied with releasing elastic energy éccumulated in the elastic body (36) in the
specific confrol is required to be changed, the strength is not changed wheﬁ an absolute
value of a torque change ratio which is the amouht of change perv unit time is larger than a

predetermined change ratio threshold and an absolute value of the elastic energy is larger

than a ‘predetermined elastic energy threshold.
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FIG.2
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F'IG.5
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FIG.6
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FIG.S
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FIG.9
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