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DRIVE UNIT FOR VEH CLE FIELD OF THE I NVENTION 5 The present |nvent19ﬂUN2Nﬁ
relates to a drive unit for vehicle, which supplies the dr|V|ng Lce in
order to travel a vehicle to be driven by the gepgra SR 1[0 >whi ch
assists the supply of the driving force of the |nter Pg@nﬁggpégﬂlenglne
equi pped in a vehicle. 10 BACKGROUND ART A hybrid vehlcle equi pped with an
engi ne and a notor has been known. In this hybrid vehicle, the notor works
as a generator at the tine of braking. Thereby, the braking of the is
hybrid vehicle is perfornmed whil Qgﬂﬁﬁa%—ﬂhe el ectric energy fromthe
conversion of the kinetic energy of a vehicle. Hereinafter, to obtaining

t he el echcYEeH% l%yfn‘ﬂ'}”fé[‘ tor defined as "regeneration”. This
braki ng manner defined as "regenerative braking”. 20 In the hybrid
vehi cl e, furthernore, electric energy obtained fromthe regenerative
braking is stored in hi ressure battery and is used at the tinme of
accel er affil&hD Qﬁ(?HEHRN (f Ye hybrid vehicle can save the waste of

energ t han t he conventlonal vehi cl e adopting the internal conbustion 25
engi né. | n th&hCOPFesRRY Expeakben e lates Aoby ddivehinl e fodevehidlas

"vehicle". 1
which supplies the driving force in order to travel a vehicle

to be driven by the generator motor, and which assists the

( supply of the driving force of the internal combustion engine
equipped in a wvehicle.

10 |
BACKGROUND ART

A hybrid vehicle equipped with an engine and a motor has
been known. In this hybrid vehicle, the motor works as a
generator at the time of bréking. Thereby, the braking of the

15 hybrid vehicle is performed while obtaining the electric energy
from the conversion of the kinetic energy of a vehicle.
Hereinafter, to obtaining the electric energy using the motor
defined as "regeneration". This braking manner defined as
"regenerative braking".

20 In the hybrid wvehicle, furthermore, electric energy
obtained from the regenerative braking is stored in a
high-pressure battery and is used at the time of acceleration,
etc. Thereby, the hybrid vehicle can save the waste df energy
than the conventional vehicle adopting the internal combustion

25 engine. In the following explanation, the hybrid vehicle

defined as "vehicle".
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bl ock di agram showi ng the construction relevant to the notor and

hi gh-pressure battery of the hybrid vehicle, which is disclosed. in

Japanese Patent Publication Hei 11-187577. 5 In FIG, 1 ,transniotég:%o 2 and a

hi gh-pressure battery 117 are connected each other "t hfoyg Lﬂ@ i@Mﬁiter

116. The electric energy stored in the high-pressure battery fi I's

supplied to the nmotor 112 through the inverter 116 at the tinme of

accel eration, and assists the power supply of the 10 engine (not shown).

The motor 112FI&n tlHe It HerP e, d iy kam a8hay hemek B oFoRSLruAELPNME Of

braki ng. Thus, the electric energy (regenerative energy) obtained fromthe

r egener atfi€dgventt k@ KBeOPCLRD @%3 i@ s ¢ psute U e gy exfsthe babrédy 117

through the inverter 15 116. In FIG 11, the synbol TS indicates a

t enper at ¥edisdrsorhighi th danlasahdnt éapanasarkatoint Faiigathdres Hede

battery 117. The synbol A indicates the ammeter, which senses the

i nput - andlodBg&t? 7current of the high-pressure battery 117. The 20 synbol V

i ndi cates the voltneter, which senses the voltage of the high-pressure

battefy 117. TheFdwnbdll ,Cd mpdiocaflé® thd acbhgheprenstireAbhyberg Yéficle is

used under various anbient conditions, for exanple, fromhigh tenperature

envi r onmame, coneecdeskrdach 25 Hax ttierdwoyh tEmperae ucer ehvér onnent . But,

there is an optimum tenperature for operating each battery including the
The electric energy stored in the high-pressure battery

{ 117 is supplied to the motor 112 through the inverter 116 at
the time of acceleration, and assists the power supply of the
10 engine (not shown}).

The motor 112, on the other hand, works as a generator at
the time of braking. Thus, the electric energy (regenerative
energy) obtained from the regeneration of the motor 112 is
stored in the high-pressure battery 117 through the inverter

15 116.
In FIG. 11, the symbol TS indicates a temperature sensor
{ which senses the temperature of the high-pressure battery 117.
The symbol A indicates the ammeter, which senses the
input-and-output current of the high-pressure battery 117. The
20 symbol V indicates the veltmeter, which senses the voltage of
the high-pressure battery 117. The symbol CU indicates the
control—-unit.

A hybrid vehicle is used under various ambient conditions,

for example, from high temperature environment, i.e. desert,
28 to the low temperature environment. But, there is an optimum

temperature for operating each battery including the
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hi gh-pressure battery 117. Wen the electric current of high anmount,fquN 2005
exanple, is discharged on the condition that the tenperature of the

hi gh-pressure battery 117 is |ow, the voltage of wreléeéﬂtgh-g)lreé%?le;
battery 117 will be dropped because the reaction raté ofpcﬁfﬁﬁ, i,@bs-lgr essure
battery becones slow. Wen the charge of the high-pressure f)attery 117 is
carried out on the condition that the tenperature of the high-pressure
battery 117.is high, the deterioration of the 10 hi gh-pressure battery 117
will be i’ﬂ\%h‘é’é"c? Rised b HerYt bhperature of the high-pressure battery 117
becomes nmuch _higher. For this reason, the charge/discharge of the
hi gh- pr essur e Wi &hye ¢1ectsirapageanbyef hdameepbet . 1ier sxeeblel5i6n t he
map (power-saving map) shown in FIG 12. In this occasion, the inverter 116
i s cont r Slssdaigache ot e ofoii tiox, thatt Reeuppepehattref of| Ghel2, the
upper limt value of the current to be discharged fromthe high-pressure
bat tery MMoh-preamvre ibatongy t LHT nb$ hsws, thadvehtagenpérahare of the 20
hi gh-?ressure battery 117 is shown in horizontal axis. In other words,
upper ® halhfl gbf-preG s ue e tdemyplidedi | h ey depppeddoetawse tiheerappéiohi mt of
the electric energy to be discharged from the high-pressure battery 117 at
each t enpértgt ¢rfe. theh highipuessined foattEr G bé@omen shewcontrary, the upper
25 limt of the electric energy to be charged on the high-pressure
When the charge of the high-pressure battery 117 is
( carried out on the condition that the temperature of the
high-pressure battery 117 is high, the deterioration of the
10 high-pressure battery 117 will be advanced because the
temperature of the high-pressure battery 117 becomes much
higher.
For this reason, the charge/discharge of the
high-pressure battery 117 is managed by the inverter 116 based
15 on the map (power-saving map) shown in FIG. 12. In this occasion,
the inverter 116 is controlled by the control-unit UC.
( In the upper half of FIG. 12, the upper limit value of the
current to be discharged from the high-pressure battery 117 is
shown in longitudinal axis, and the temperature of the
200 high-pressure battery 117 is shown in horizontal axis. In other
words, upper half of FIG. 12 is a map used in order to control
the upper limit of the electric energy to be discharged from
the high-pressure battery 117 at each temperature.
In the lower half of FIG. 12, on the contrary, the upper
2 limit of the electric energy to be charged on the high-pressure

battery 117 is shown in longitudinal axis, and the temperature



battery 117 is shown in |longitudinal axis, and the tenperature 3} 5 JUN
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battery 117 is shown in horizontal axis. In other words, the |gwgy half.of
FIG 12 is a nmap used in order to control the uppegt:ldm.t.of, the, electric
energy charged on the high-pressure battery 117 at eachpkenpecastsyie. 5 The
control-unit CU perforns the managenent of the charge/discharge of the

hi gh-pressure battery 117 based on the upper limt value, which is

determ ne ith reference to the map ower .savin | _according to the
ot ect ed Ateiper B APEPERFSuie hrbhe BV chbhrks Bartt g A3 L. £500Rdn=rhs-
above-descri bed managenent, .the ch rge!discha ge managenent, of the

hi gh- pr eg%?EhBEt‘f%lfgs 115€ L%EE R - FIBopl ens® @682P i bk 3@ 8FARAve been
brought out. (1) Wien the frequency of the charge/discharge of the

hi gh- pr edSuFeb&letPer 1PRes RilgAL SfntBet RbeEERpEr BRBFEYOFNERESD 18T

hi gh- pressure battery 117 does not drop easily owng to the thermal nass,

t he tenpéf&t t@NePISFS HiHRITERUre batt #3FN 1eMRET3tek@eeds 45 degrees
(maxi mum t enper at ur e) memlyké? When the tenperature of the

hi gh- pr essur e Th&t AN IPI7- uTehde U P Uk e drrPagRitoaehes 8250 degrees,
the output 20 current discharged fromthe high-pressure battery 117 w ||
becone skRErIedddsiahange efhehe kdds P ases ptégryutt édasoinon kbe

hi gh-pressure battery 117 becones |ow. Thus, a driver of the hybrid
vehi cl e @Ry dRBigoWedNessadsh (8) dpherminedt Bapbr aetrEcageetasths

degrees, since the
{ map (power saving map) according to the detected temperature

of the high-pressure battery 117.

10 When the above-described management, the
charge/discharge management, of the high-pressure battery 117
is performed, problems described below have been brought out.

(1) When the frequency of the charge/discharge of the
high-pressure battery 117 is high, since the temperature of the

5  high-pressure battery 117 does not drop easily owing to the
thermal mass, the temperature of the high-pressure battery 117

i will exceeds 45 degrees {(maximum temperature) greatly.
{2) When the temperature of the high-pressure battery 117
exceeds 45 degrees and approaches to 50 degrees, the output

20 current discharged from the high-pressure battery 117 will
become small largely. In other words, the power coutputted from
the high-pressure battery 117 becomes low. Thus, a driver of
the hybrid vehicle feels the powerlessness.

{3) When the temperature exceeds 45 degrees, since the

25 total charge amount of electric energy obtained from the

regenerative power generation will be restricted, the charge



25 total charge anount of electric energy obtained fromthe regenerative
power generation will be restricted, the charge 4 1 5 JUN 2005 P0091% JUN 200
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cannot be fully achieved. Thereby, the renaini ng;ATRUNM -B.d1N€ion of

hi gh-pressure battery 117 becones small because the di s¢hayrgeamunt
exceeds the charge anount. Thus, the driving power to be outputted from
the notor 5 becones |ow. The present - invention mainly ainms at providing a
drive unig,

whi,ch .can_ prevent, or. cont the t erature rise of .the
i g or oS D P St B B bR B TR eoph gedhet
invention.relates to a drive unit for .a hi.cl that utili a rat or
mtor act] DY NENTETAERF RE ARATENED EOB G BTSRS AT SATHATSr 106 dr i ve
a vehicle and assists an interpnal conbustion engine driving in, a vehicle.
15 This ASSPRSHEMAlAcPEIBYESE tRAPD AELFEIAAWMD,Y exF<ais &R <hards
detector, a calculator, a current value determ ner, and. a conmand val ue
cor r ect oPMORR  ehheF attiiGe ddédBPoPOUEE e? $eaC P ERPEFSE L EOBfEhEotoT
condenser. The current value detector detects the current 20 val ue
i nput f ed XeEOMRF dRputted fromthe condenser. The cal cul ator conputes a
perm ssible current value that can be inputted to and outputted fromthe

condenser, badd® dFesenth f¥tHekOhtdbRhY a2 HBFpeF AP EPELBLNENR E5AHENSer

and a predeterm ned upper limt tenperature when the tenperature of
unit, which can prevent or control the temperature rise of the

{ high-pressure battery.

10 DESCRIPTION OF THE INVENTION

The present invention relates to a drive unit for a vehicle
that utilize a generator motor activated by an electric current
supplied from a condenser to drive a vehicle and assists an
internal combustion engine driving in a vehicle.

15 This drive unit includes a temperature detector, a current
value detector, a calculator, a current value determiner, and
( a command value corrector.
The temperature detector detects a temperature of the
condenser. The current value detector detects the current
20 value inputted to and outputted from the condenser. The
calculator computes a permissible current value that can be
inputted to and outputted from the condenser, based on a
difference betwesn a temperature of the condenser and a
predetermined upper limit temperature when the temperature of
25 the condenser exceeds a threshold temperature. The current

wvalue determiner determines whether or not the current value



25 the condenser exceeds a threshold tenperature. The current value

determ ner deternines whether or not the current value 5 1 5 JUN 2005 JUN 2003
P00915 Verified translation of PCT/JP02/08611 that inputted tg,and
outputted fromthe condenser exceeds the perm ssjhl iecdurciaergtlayﬁjnugf The

command val ue corrector |lessens a torque command val ue g@fr1;Rg. gfniRer at or
not or when said current value determ ner determ nes that the current val ue
inputted to 5 and outputted fromthe condenser exceeds the perm ssible
current value. The drive unit according to the present inventiqgn is

adopt ed itRathdnRPELEE (RMRE LUTRILLY T g T H'ReCRPESERET PRGERPFOR®a

perm ssi ble current value of the current value, 10 which is inpputted to and
out put t e@ErFGHstid cOREERBEM A US - JhG GABA2BASEY Wh CORE eitPfet 8RE8 Bet ween
the upper limt tenperature of a condenser and a real tenperature of a
condensep. toF@ne camiand ¥ail ueehp it deeesptardintensdren sadei eRr e by a
tenperature detector. 15 In the present invention, when the current val ue

| arger wiadne detpemihssideeevuirentthad thej eugreet tved ue BaPusit§det© conmand
val ue of the generator notor is nmade snaller. Thereby, the heat generation
of thé cemdersdpruwidcshdsan ghampndripahexqgets ofhe heerehpeiat@re of the
condenser is restricted or 20 prevented because the current value inputted
to and ogtyuwenad vafluem t he condenser becones small, Accordingly, the

t enper at ure managenent of the condenser can be achieved. Thus, the

t enper at ur e ofTheh@lmwioredensidy dasckaping to the present invention is

( adopted in the hybrid vehicle. According to the present
invention, a permissible current value of the current value,
10  which is inputted to¢ and outputted from the condenser, is
assigned based on the difference between the upper limit
temperature of a condenser and a real temperature of a condenser.
Here, this real temperature of a condenser is detected by a
temperature detector.
15 In the present invention, when the current value larger
than the permissible current value is detected, the torque
( command value of the generator motor is made smaller. Thereby,
the heat generation of the condenser becomes high and then the
rise of the temperature of the condenser is restricted or
20 prevented because the current value inputted to and outputted
from the condenser becomes small,

Accordingly, the temperature management of the condenser
can be achieved. Thus, the temperature of the condenser is kept
equal to or below the predetermined upper limit temperature.

25 In the present invention, furthermore, the determination

whether or not the current value inputted to and outputted from



equal to or below the predeterm ned upper limt tenperature. 25 In the
present invention, furthernore, the determ nation whether or not thes y 2005
current value inputted to and outputted from 6 1 5 JUN 2005 P g

Verified translation of PCT/JP02/08611 the gene&gﬁgga§§§§§gﬁtglgof

perm ssible current value is perfornmed using the averagepggkﬂgngaéﬁe
electric current. To be nore precise, this judgnent is perforned using the
exchanged current val ue average, which is an average value of total 5

el ectric current to be charged on/di scharged fromthe batiery= In the
present ith@eRENGT A TR e ROFMEHH DA UBUTEBRF e¥ROFEMAY i ncl ude a
coefficient nultiplier. This coefficient nultiplier nmultiply a coefficient

by tor queerée ugdnget BRI ERPE 7 Hdi /I OdehBRa bR CHBE By er TPo gi ve
10 a limt to said torque command val ue. The coefficient nultiglier
i ncl udes bg rese MrAG bt addids Judenartest PrefrsAercdetad thrmeXxFB3NEREti on
adder | essens the torque command val ue by naking the coefficient gradually
smal | er byrzepredetlariawarads. vitueh fby aWeryepredevetuened tPHBLlwhen the
current value inputted to and outputted fromthe condenser exceeds the
per m &si ellectmicentryghngeto e chesoedeen 61 seHacgrdnike® theebatsegie
command val ue gradual 'y Iarger by nmeking the coefficient |arger by
pr edet er m ned Ivalthe boesevdr ynyeaddoay, nored eriaipd ywhédhe2gomengduvedne val ue
inputted to and outputted fromthe condenser becones equal to or below the
per mi ssi lohe rewtcentmagal ireslude iz epdbfbrbdhe fettibbievmmeFbial val ue of a
vehi cl e,
( coefficient multiplier multiply a coefficient by torque
command value inputted to said generator motor in order to give
10 g limit to saild torque command value.
The coefficient multiplier includes a restriction adder
and a restriction reducer.
The restriction adder lessens the torque command value by
making the coefficient gradually smaller by a predetermined
15  value for every predetermined time when the current value
inputted to and outputted from the condenser exceeds the
( permissible current value. The restriction reducer makes the
torque command value gradually larger by making the coefficient
larger by predetermined value for every predetermined time when
200 the current value inputted to and outputted from the condenser
becomes egual to or below the permissible current value.
it is unfavorable for the commercial value of a vehicle,
if the rapid rise or drop of output command value comes arise,
because a driver might receive the uncomfortable feelings.

25 In the present invention, the torque command value is made

gradually smaller even if the restriction of the torgue command



if the rapid rise or drop of output comrand val ue cones arise, because a
driver m ght receive the unconfortable feelings. 25 In the present

i nvention, the torque command value is made gradually snaller eveﬁ]ﬁﬂUHW@ﬁ
restriction of the torque command 7 1 5 JUN 2005 PQ0915 Ver.i f f&¥

|
hé’ t orque
command val ue does not cause unconfortable feelings to a driver. In the
present invention, preferably, the drive unit for 5 a vehicle may include
a ni ni nufaldegds gbieaddevaine tgenehad r the THr o i enRfdedr dgesterradd val ue
generator outputs a predeterm ned m ni numtorque command val ue and di sabl es
the conmd¥nd dBivercolhestothei ¢hamgh afbotheetontive ¢ammdndvaiusndoasl y
i nputted as the torque command val ue when the 10 tenperature of the
condensemodx g@agse saicbupperahlien feel enper e ud edrWen. t he t or que command
value is enlarged in conpliance wth the input of the torque val ue under
t he condi ti on Irh&het peeseotqueveotmand potfieraksly esthré credeatingrmifbrval ue,
since the 15 tenperature of the condenser is arisen, it is unfavorable. On
t he cént rarghitleimandncdfufdecsedintimaim theghercpenandnvarice yahaeatsrnade

| arger in short period of tinmes in conpliance with the input of the torque
comand dhehimgm ivaimet o fichus , cérmeaodit pal se @éndhetdorquepebsmand val ue of
hi gh value is favorable for Drive 20 ability, and is also favorable for

r egener atoiree eireaki inged |nni i dmeurpresemt e eadoaoli mak nta 1 wheand héisabee tbeamand
val ue

{ command value corrector, 1f high torque value is

PAQP1LS
transl ation of PCT/JP02/08611 value is given/teffh' é?%@é?ﬁ;ggjg?gf
throttle pedal is stepped by a driver. Thus, the change of 't

instantaneously inputted as the torque command value when the
10  temperature of the condenser exceeds said upper limit
temperature,.

When the torgue command value is enlarged in compliance
with the input of the torque value under the condition that the
torque command value is restricted at small value, since the

15  temperature of the condenser is arisen, it is unfavorable.

On the contrary, it is not affected that the torque command

( value is made larger in short period of times in compliance with
the input of the torgue command of high value. Thus, the outputs
of the torque command value of high value is favorable for Drive

200 agbility, and 1s also favorable for regenerative braking.

In the present embodiment, when the torgue command value
of high torque is inputted in short period of time, the command
value corrector is made into no operative condition. Thus, the
predetermined torque command valued of lower limit is outputted.

25 In other words, the predetermined torque value having a higher

value than the torque command value to be restricted by the



of high torque is inputted in short period of tine, the command Ebﬁ@ 7005
corrector is made into no operative condition. Thus, the predeter g
torque command valued of lower limt is outputted. 25 In other g@&%S t he

pr edet errmi ned torque val ue having a hi gher valugjth nc}h que’ @Hnand
value to be restricted by the 8 5 JUN 2UU5 Po0915 " ﬁ‘”% 9&§hqt|on of
PCT/ JP02/ 08611 conmand val ue corrector is outputted. In t he present

invention, preferably, the perm ssible current value may obtain from
formul a (1) , when a tenperature of the condenser exceeds the

pr edet er RPABANFe VPR FOET TYH sisT BIEERUFFHt val ue (I's) = (UT-BT)XCC IR (
1) s wherein UT is aupper limt tenperature, BT is a condenser
tenmperature, &0 ithea RIGRSEMy vt iQentpraferallys Fhe epaERissébist ance.
According to the present invention, the perm ssible 10 current val ue can be
obt ai nedchirganth¥aFoenuis Qnyameﬁmrhefom@rﬁ)@r@tmr e'h@inf Rekemperpsvukeen t he
upper limt tenperature and the real tenperature, the cooling coefficient
of the gefietheocondangaheigrsindhe axisiepeenaned obemparatulaus, the
tenperature of the condenser (battery tenperature) is 15 certainly kept at
equal to or below the upper Iimt tenperature when tenperature nanagenent

is performed based on Fornula (1) In n, the cooling
coefficient and phigiidMIeEnadnt vies g) 2 arelprelet er ni qdy val ue. In the
present invention, ]'§§F ugiﬁer pr%f rabl yIR t he 99

5
wherein UT is a upper limit temperature, BT is a condenser
temperature, CC is a cooling coefficient, and IR is internal
resistance.
According to the present invention, the permissible
10 current value can be obtained from the Formula (1) when the
temperature difference between the upper limit temperéture and
the real temperature, the cooling coefficient of the generator,
and the internal resistance are obtained. Thus, the
temperature of the condenser (battery temperature)} is
15 certainly kept at equal to or below the upper limit temperature
when temperature management is performed based on Formula (1).
In this occasion, the cooling coefficient and the internal
resistance are predetermined wvalue.
In the present invention, still further preferably, the
20 permissible current value may obtain from formula (2), when a
temperature of the condenser exceeds ﬁhe predetermined

temperature:

UT+HCxCC(TG-T]) (2)

Permissible current value (Is) =
IR x CC



20 perm ssible current value may obtain fromformula (2) , when a
tenperature of the condenser exceeds the predeterm ned tenperature: 1@1’““%
X CC(TG- T 1) Permssible current value (Is) _ (2 ) IRxCC 99?1 ; JUN

2005 PO0915 Verified translation of PCT/JP02/08g11 where UT is a Ubper
linit tenperature, HC is heat-transmitting coefficient, tﬁ-‘-/&é:ozgggéalrlat or
tenperature, Tl is ingressive tenperature, IRis internal resistance, and
CCis calorific 5 capacity. According to the present invention, the

perm ssible current value of the generator can be obtained from Formul a
(2) based on the cooling efficiency of the generator, and the <calorific
val ue and the upper limt tenperature of the 10 generator. Thus, the

t enper at O SF UThés e diRiiiod 1pd tebeMBe AR UL Rel T 45 BRAArtEBNERIBELEE t he
upper limt tenperature. Here, the internal resistances, the heat pass
coef fici et Htenteapbei iy geechpredbt eemPABAtVEFueTIThE LBgpePStivee of the
generator (battery tenperature) and the ingressive tenperature 15 are real
det ect ed tRFIRFEEABRIEF DESCR PTIEONITF ToE PRAWERIGSR PG C1ipscpépatifaci ve

pl an view showi ng the [ ayout of equipnents in the hybrid vehicle equipped
with fhe ciamdithit 20 according to the present invention. FIG 2 is a

bl ock di agram of a drive unit according to the
According to the present invention, the permissible

current value of the generator can be obtained from Formula (2)
{ based on the cooling-efficiency of the generator, and the
calorific value and the upper limit temperature of the
10 generator. Thus, the temperature of the generator is certainly
kelp at equal to or below the upper limit temperature. Here,
the internal resistances, the heat pass coefficient, Heat
capacity are predetermined value. The temperature of the
generator (battery temperature) and the ingressive temperature

15 are real detected wvalue.

( BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is penetrative plan view showing the layout of
equipments in the hybrid vehicle equipped with the drive unit
20 according to the present invention.
FIG. 2 is a block diagram of a drive unit according to the
present invention.

FIG. 3 is a block diagram of a control—-unit shown in FIG.

25 FIG. 4 is a power-saving map used for charge/discharge

management of a high-pressure battery.

10



present invention. FIG 3 is a block diagramof a control-unit shox{vg JW 2005
FIG 2. 25 FIG 4 is a power-saving map used for charge/di scharge
managenment of a high-pressure battery. 10 1 5 JUN 2005 P00915 Vgpéfd ed
translation of PCT/JP02/08611 FIG 5 is a map usgd.in.9rdeL1.9;deter m ne
the perm ssible current value Is based on the differencedAl;hetween the
upper |imt tenperature Tmax of the high-pressure battery and the real
battery tenperature TB. 5 FIG 6 is a flow chart of the control nanner to
be perforned a_control -unit. ne ¢ whi ch énlgu' cates
|

FIG 7 is a.t] har t

the brief cha - of 1 HEMBEWRF S alA r?&dc?cFeiPi Af BREMIAR EHgh PER TS fes the,
change of the battery tenperature in conpliance with the cruising 10
condi ti ofurhet 3lug fé bpaedchar Ehehdif reRge it tRE W Eh T R T
dependi n(‘l,on, whet her or not_the correction of the output conmand val ue by
the powerkidhVi MPRRARAFTRTentM3 % ehr FRedN s8R PERESUGE] 34 LRI WARRA S or
processing the scranble assist. 15 FIG 10 is a nap used at the tine of
scranbl e T At teG taMP A RUKE oER - di agr am showi ng the construction of
the notor and the high-pressure battery of the_conventional hybrid
vehi cfe. FI G FiZG i § &5 pokdv §R@Tige frdpiausent byl i edntedre Bt © IP®Shown
in FIG 11.

by a control-unit.

FIG. 7 is a time chart, which indicates the brief change

i of the power-saving coefficient, and which indicates the change

of the battery temperature in compliance with the cruising

10 condition.

Fig. 8 is the time chart showing the battery temperature
depending on whether or not the correction of the output command
value by the power-saving coefficient is carried out.

FIG. 9 is a flow chart for processing the scramble assist.

15 FIG. 10 is a map used at the time of scramble assist.

FIG. 11 is a block diagram showing the construction of the

{ motor and the high-pressure battery of the conventional hybrid
vehicle.

FIG. 12 is a power saving-map used by the control-unit

20 shown in FIG. 11.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The explanation about the preferred embodiment of the
present invention will be carried out referring to the attached
25 drawings. FIG. 1 is a perspective plan view showing the layout

of the equipments equipped in the hybrid vehicle.

11



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The expl anati on ab?%ﬂUﬂWﬁ%
preferred enbodi nent of the present invention will be carried out
referring to the attached 25 drawings. FIG 1 is a perspective Vi ew

showi ng the layout of the equipnents equipped iﬂm&@%ingEQQHE%EE%ﬁE- 11 1
5 JUN 2005 PO00915 Verified translation of PCT/JP02/086%L¢r,8¥BRd3YEH CLE

As shown in FIG 1, a hybrid vehicle has an engine 11, a notor 12, a
transm ssion 13, and a differential unit 14 at the ‘5 fore side thereof,
and has an inverter 16 and a high-pressure battery 17 at the rear side

t hereof . The synbol C indicates a high-voltage cable, which connects the
notor 12 with inverter 16. The engine 11 and the notor 12 are directly
connect edYBEFIP VFEHELE hr ough a driving shaft (not shown). 10 The notor 12
is used for starting the engine 11, for _assisting the power supply of the
engi ne 11 accérsdiShg¥o 1PhEIGer b s My RbHYI ¥ bHEL D35 Pehiegigd ner ¢t~ @
perform ng the generation  using the regenerative energy obtained fromthe
regener affiF®T At i BntEANIRHESS1PR b @ﬁ‘éﬁ?n@%fﬁﬁﬁeﬁéf‘abe‘ﬂ*b\? nihg§t kbe
generation 15 using the output of the engine 11 according to the cruising
condi fi of®r6r sike géﬁr@pé.r ppdotperamoriier tee Yoesd 22highaPr§8RBF&t or
notor serves as the generator. The transm ssion 13 transmts the rotative
vel oci t y baftteyy 1dr ik eshgpr cdde shewmpiof The sxpPRé $11BAECRRESnDt or
12 to 20 the differential unit 14. The differential unit 14 adjusts the
di f f er en@ehbghrreltagataiel & evddichycpenaetp thremgitpyeh? whHddl gnverter

{ 16. The engine 11 and the motor 12 are directly connected each
other through a driving shaft (not shown).

10 The motor 12 is used fdr starting the engine 11, for
assisting the power supply of the engine 11 according to the
cruising conditicns of a vehicle, for performing the generation
using the regenerative enerqgy obtained from the regenerative
motion at the time of braking, and for performing the generation

15  using the output of the engine 11 according to the cruising
conditions of the vehicle. In other words, the motor 12 is a

( generator motor serves as the generator.
The transmission 13 transmits the rotative velocity of the
driving shaft (not shown) of the engine 11 and the motor 12 to

200 the differential unit 14. The differential unit 14 adjusts the
difference of the rotative velocity between the driven wheels
W, W of both sides. In other words, this differential unit 14
allows the rotation of the wheels W,W at different rotative
velocity.

25 Each of the drive wheels W, W transmits the driving force

given from the engine 11 or motor 12 to the road surface, and

12
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W Wof both sides. In other words, this differential unit 14 allows the
rotati on of the wheels WWat different rotative velocity. 25 EaciholUNtZieh
drive wheels W Wtransnits the driving force given fromthe epgigig 11 or
motor 12 to the road surface, and 12 1 5 JUN 20q5eril§>9&93c§arysqrai£&¢ﬁf
translation of PCT/JP02/08611 also transmts the steerippg,jtdk¢63d1Q t he
road surface. The transm ssion 13 and the differential unit 14 transmt the
driving force given fromdrive wheels W Wat the tine of braking to the
nmotor 12._ .5 The inverter 16 is controlled b%/ tﬂ»ﬁ control-ugit (shown in
er tor prta

FIG 2) Gondriitiy™ o o ernd & ¢ ¢t hRaAoWRF F2€8vi ng of a
vehicle. In other words, the i nvertecgl%g&E controls ( mana%es) t he
char ge/ dit&en&F§BSBESSREhE gh2 PH e rryiak unihd hitgahsrddsthe
battery 17 is a unit cell faorned by connecting 10 a pl uralité of Ni ckel
Met al  Hy Giildd gat PEFE &L VAMEROMHE hitst BPee3 i 8. # T &hUSHRG AthBrakéBeri ¢
power stored in the high-pressure battery 17, the electric power stored in
t he hi ghXpr &8€uf@ 4t tlery 17 is discharged and is supplied to the motor 12
t hrough the inverter 16. 15 Wen the notor 12 perforns the power
gener ation, ofNEh&NVELHEr RAnHS FIELEP LR iRy &her gynterdcipilé peRery
gener at ed b¥ the regenerative notion of the nmotor 12 is supplied to the
hi gh- pr ed$uF&Ghatft e¥YMAYL§ ARG LRYM HO GHUS EF - FB1d R ficg™$t GAEJIPOFREr ei n.
20
saving of a vehicle. In other words, the inverter 16 controls
{ (manages) the charge/discharge of the high-pressure battery 17.
The high-pressure battery 17 is a unit cell formed by connecting
10 a plurality of Nickel Metal Hydride batteries.
When the motor 12 is driven using the electric power stored
in the high-pressure battery 17, the electric power stored in
the high-pressure battery 17 is discharged and is supplied to
the motor 12 through the inverter 16.
15 When the motor 12 performs the power generation, on the
other hand, the electric energy (electric power) generated by
( the regenerative motion of the motor 12 is supplied to the
high-pressure battery 17 through the inverter 16, and is stored
therein.
20
DRIVE UNIT FOR VEHICLE
The explanation about the preferred embodiment of the
present invention will be carried out referring to FIG. 2. FIG.
2 is a block diagram of a drive unit for vehicles.

25 As shown in FIG. 2, adrivenunit 10 for a vehicle according

to the present embodiment has an engine 11, a motor 12, a
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DRIVE UNIT FOR VEH CLE The expl anati on about the preferred enbodi nent of

the present invention wll be carried out referring to FIG 2. FIG 2 5 4UN 2005

a block diagramof a drive unit for vehicles. 25 As shown in FIG, 5 @
driven unit 10 for a vehicle according to the pr@%qqg £ Qgglrg%g}nﬁqs an
engine 11, a notor 12, a 13 1 5 JUN 2005 PO00915 Ve fi edr}franshadion of
PCT/ JP02/ 08611 transm ssion 13, a differential unit 14, an inverter 16, a
hi gh-pressure battery 17, a DC-DC converter 18, a | owpressure battery 19,
a control-unit CU, a battery voltneter V1, an jnverter voItrretfr V2, an

r

ammet er AT3&TTISE H et At uR eddEASEFN ST UTHE batt 675 YROTEREEEr 191 Getects
the voltage of the high-pressure battery 17. The inverter voltneter V2

det ect s PREE PSS HEAREST Yt & mi hRCSDSF CPRE¥Crvedr 1 @r 2160V TRECHRHERer A
detects the current value to be inputted to or outputted from 10 the

hi gh- pr e®édite Watter y21 FOUHE® taWidr LW e2 sOadGery derlddtater helt eAperature
(battery tenmperature, generator tenperature) of the high-pressure battery
17. The iiRvertterr velpavefterny 2thandaiwehgrot. tand fedeRPraRtiEe RBPPBA of the
notor 12 in conpliance with the output command 15 CP (torque comrand

val uef. The inverter 16, for exanple, is a PWMinverter adopting the Pulse
W dth Modul ati on techni que, and has a bridge circuit (not shown), to which
a plurality offhenibeditiany etehemisenrel deobpetsethbyveohbadei dfetbdnnecti on.

high-pressure battery 17. The inverter voltmeter V2 detects
i the voltage between terminals of the inverter 16. The ammeter
A detects the current value to be inputted to or outputted from

10 the high-pressure béttery 17. The temperature sensor T detects
the temperature (battery temperature, generator temperature)
of the high-pressure battery 17.

The inverter 16 performs the driving or the regenerative
motion of the motor 12 in compliance with the output command

15 Ccp (tofque command value).

The inverter 16, for example, is a PWM inverter adopting

{ the Pulse Width Modulation technique, and has a bridge circuit

(not shown), to which a plurality of switching elements are
connected by the bridge coﬁnection.

20 The low-pressure battery 19 is a battery, which drives the
auxiliary machinery AC, such as electric power steering
apparatus, and the air compressor for air conditioner etc. The
low-pressure battery 19 is also connected to the inverter 16
and the high-pressure battery 17 through the DC-DC converter

25 18.

The DC-DC converter 18 performs the step-down of the

14



20 The | ow pressure battery 19 is a battery, which drives the aUX|I|ar% 0
machi nery AC, such as electric power steering apparatus, and the ai o N0
conpressor for air conditioner etc. The |ow pressure battery 19 Al so
connected to the inverter 16 and the high- pressug%ngggé Xn&hﬂhﬁEQHQh t he
DC-DC converter 25 18. The DC-DC converter 18 perforns t steppsown of
the 14 1 5 JUN 2005 P0O0915 Verified translation of PCT/JP02/08611
battery voltage VB of the high-pressure battery 17 or the inverter voltage
VP of th nvert and_ch es the |ow pressure battery 19. Here, the
Uver ter B < o8 VB rOP PER bRGnrBEERRHES: DeThBEVOL /PSS up

noti on of the notor 12 5 is perfornmed. CONTROL-UNIT The expl anation about
t he contE&VQﬁﬁ?I(ﬁ?%ﬁ??eb%Pc%FrF%% 16&FrF§Feiﬁrn@n?ochﬁéﬂe§ tReough FIG 5
of the attached draw ngs. FIG 3 is a block diagramshow ng the

conposi t i1 @r%wr%éﬁttﬁia%w Fiereq the anpeRérrsRAipep Fooiven
control ling managi ng) the charge/ di scharge of the high-pressure battery.
FIG 5 ighg & FPEﬁPﬁ/ﬁﬁéhvteh’éogé@m QB e R Feflofap fiet1e MaeHdfi ned

usi ng the dlfference AT between the upper Iimt 15 tenperature Tnax of the
hi gh- pr esguPe 1 4%8d- and the real battery tenperature TB. ' As shown in
FIG 3, the control-unit CU has an output controller 61, a tenperature

estimator 62, a permssible current value assigner 63, an exchanged

current val ue average
CONTROL-UNIT

{ The explanation about the control-unit CU will be carried

out referring to FIG. 3 through FIG. 5 of the attached drawings.

10 FIG. 3 is a block diagram showing the composition of the
controller. FIG. 4 is a power-saving map for controlling
(managing) the charge/discharge of the high-pressure battery.
FIG. S5 is a map, from which the permissible current value Is
is defined using the difference AT between the upper limit

15 temperature Tmax of the high-pressure battery and the real
battery temperature TB.

( As shown in FIG. 3, the control-unit CU has an output
controller 61, a temperature estimator 62, a permissible
current value assigner 63, an exchanged current value average

20 calculator 64, a current value determiner 65, a power-saving
coefficient adjuster 66, and an output command value corrector
67.
In the control-unit CU, all of the data to be exchanged
is digital formats. The control-unit UC repeats the processing
25 at every interval, for example every millisecond time scale.

The output contrcller 61 has a Map reference function.

5




20 cal culator 64, a current value determ ner 65, a power-saving 15 JUN 2005
coefficient adjuster 66, and an out put comrand val ue corrector 67. In the
control-unit CU, all of the data to be exchanged is digital fogmtﬁ. The

control -unit UC repeats the processing 25 at eveLy.interval, for “exanple

every mllisecond tine scale. The output controller 61 hgs;ap dc61 erence
function. 15 1 5 JUN 2005 PO0915 Verified translation o PCT/ JPO2/ 08611
The out put command val ue CP, which is generated by another control-units
(not shown) based on the throttle opening ratio (0Oth) and the battery
vol t age UBe aH@PHfe CRAMPES) itdiiSedt urd LGB, 1Su e Tt et e t L BYeT he
battery tenperature sensor T, are 5 inputted to the output controller 61.
The uppefoRtaPL-P8fitgndneheshovel pased PsXrher thEetsdepdPening FathPue is
defined fromthe power-saving map (FIG 4) based on the battery
t enper at P eh IBand\ere thieet st puto ldrgem Ve v ande t TP batbery npempedaterehe 10
output controller 61 is larger than the upper limt Psl, the wupper |limt
Psl obt alfRedvlbiclh hes defteadirsk bof thacopover ¥ SemnRy a e isereppitt@8et o t he
out put command val ue corrector 67 instead of the inputted output comand
val ues CPinphehethéootihguoudgmamdnitaiald €GP §lo. be i nputted to the 15 out put
controller 61 is smaller than the lower limt Ps2, the lower limt Ps2 is
outputted to The eppeutlioibbeial walduchecbevert bimbsy Raksiodathef ovheut nput t ed
out put command val ue CP. Wen the polarity of the output command val ue CP
IS limit value is defined from the power-saving map (FIG. 4) based
{ on the battery temperature TB.
When the output command value CP to be inputted to the
10 output controller 61 is larger than the upper limit Psl, the
upper limit Psl obtained by the reference of the power-saving
map is outputted to the output command value corrector 67
instead ¢f the inputted output command value CP.
When the output command value CP to be inputted to the
15 output controller 61 is smaller than the lower limit Ps2, the
lower limit Ps2 is outputted to the output command value
i corrector 67 instead of the inputted ocutput command value CP.
When the polarity of the output command value CP is
positive, the electric power stored in the high-pressure
20 battery 17 is discharged and is supplied to the motor 12 through
the inverter 16.
When the polarity of the output command value CP is
negative, the electric power generated by the motor 12 is
supplied to the high-pressure battery 17 through the inverter

25 16, and charged therein. Here, the output command value CP

corresponds to the "torque command value".
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positive, the electric power stored in the high-pressure 20 battery 17 is
di scharged and is supplied to the motor 12 through the inverter 16.] WHBh003
the polarity of the output command value CP is negative, the e ric

power generated by the notor 12 is supplied to Rﬂ%iE%QPEQEEQEQE&qIéttery

17 through the inverter 25 16, and charged therein. Iepck N ooUg St
command value CP corresponds to the "torque command value". 16 1 5 JUN
2005 P00915 Verified translation of PCT/JP02/08611 The tenperature
estimator 62 has a conparison function etc. The tenperature estinmator 62
j udges whet hdhEeRBErfRET B2 L3R5t Gr &R BXeRR fI Mt He AhFéShol d
tenperature Tsl, for exanple, 40 degree. Wien the battery tenperature TB
exceeds FhehterRessdhyirg eehperaPhre? THRgashBheshfsr af I &8t RatsrrE2
outputs the battery tenperature TB to the permi ssible current value
assi gner EBPCHAtIre HB perareds pite ciremoldl irmPasatyher 783, i §°€ommuanded
to performthe setting of the permssible current value Is. 10 The
t hr eshol @&xempddar atddr detgles.s Whenr sher Batéeryehpeparatereb¥BunAKERSERe
tenperature-rise prevention control is started. This tenperature rise
preveht i dinecdritresdhdlel fraderateirs ol s hatthdetempevajyurenpetianacerTB2does
not exceed the upper limt tenperature Ts2, for exanple 45 degree. After
15 consi dertipng:-< Hdier bhateon benmeratvoel TG apacheynangible cogkenitfic
val ue of the high-pressure battery 17, the value smaller than the upper
limt tevpdua wssikpReby ] ustTipredefhimaermissible current value
i assigner 63 is commanded to perform the setting of the
permissible current value Is.
10 The threshold temperature Tsl is the reference
temperature, by which the temperature-rise prevention control
is started. This temperature rise prevention control 1s
performed so that the battery temperature TB does not exceed
the upper limit temperature Ts2, for example 45 degree. After
15 considering the relation between cooling capacity and the
calorific value of the high-pressure battery 17, the value
{ smaller than the upper limit temperature Ts2 by just predefined
value is defined as the threshold temperature Tsl.
The permissible current value assigner 63 has a map
20 reference function etc., and defines the permissible current
value Is with reference to the Map shown in FIG. 5. 1In this
occasion, the reference of the Map is performed based on the
temperature differences AT between the predetermined upper
limit temperature Ts2 and the inputted battery temperature TB.

25 Here, the permissible current value is a limit of the

current value can be outputted from or can be inputted to the
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value is defined as the threshold tenperature Tsl. The perm ssible ﬁ%rmn}l][lﬁ
val ue assigner 63 has a map 20 reference function etc., and defines ‘t*h

perm ssible current value Is with reference to the Map shown ig Ff,G 5. In
this occasion, the reference of the Map is perfo‘;er;gqipc@%ggn tEEr? of

e

tenperature differences AT between the predetermn uppeler/ksd¥ bes11
tenperature Ts2 and the inputted battery tenperature TB. 25 Here, the

perm ssible current value is alimt of the current value can be outputted
fromor can be inputted to the =17 1 5 JUN 2005, P00915 Verified,
translat%&ﬁhGPr ?fpgffﬁgﬁﬁﬁ l%igﬁ?%?e%gﬂ?ﬁ ﬁbeEr§eT$?r?ﬁBrﬁpﬁ§ralinit
tenperature i s a revious|y defined tenperature value, and the battery

t enper at @F@"?@"i%ﬁrﬁieﬁfmﬁ‘{ S IREAARY U ©ir 62 VAT ue e FBE NPt Ber at ur e

di fferences AT = Ts2 - TB. 5 Then, the gernissible current value |Is, which
is a |im{EMPEEANE &R et a/al IRPCarEDe R pLt teBe f YahP8r i HBGEEBd to the
hi gh-pressure battery 17, is determned by the perm ssible current value
assi gner tEBPEISEM Ion HH e xapeeatdF e dT$2ereBBes AT. 10 The permissible
current value |s is established so that the battery tenperature nmay not
exceells the upp@n | ithiet PerBhseiRter EVTEentaralng Eharfeicticpeddildafién t he
heat capacit and cooling constants of the high-pressure battery 17, and
et c. Thecﬁéﬁéﬁs§P5Fén@uVﬁ HE Ganuee |euipytedsiemn ishdaris (e dioghes) is

outputted to the current value determner 65. The map shown in Fig. 5is
made bas&dadrrogfeitfeRattery 17, is determined by the permissible

( current value assigner 63 based on the temperature differences
AT.

10 The permissible current value is is established so that
the battery temperature may not exceeds the upper limit
temperature Ts2, and is changed depending on the heat capacity
and cooling constants of the high-pressure battery 17, and etc.

The permissible current value Is after established
15 {assigned} is outputted to the current value determiner &5.
The map shown in Fig. 5 is made based on experiment,

{ theoretical calculation, etc., and 1s designed so that the
permissible current value Is becomes smaller as the temperature
difference AT becomes smaller.

20 In the present embodiment, a current wvalue AB to be
inputted/outputted with respect to the high-pressure battery
17 is controlled to the small value as the permissible current
value IS becomes smaller. Because the calorific wvalue of
high-pressure battery 17 can be controlled if the current value

25 AB made smaller. Hereinafter, a current value AB inputted to

and outputted from the high-pressure battery 17 is defined as

18



theoretical calculation, etc., and is designed so that the pernithghﬁ
current value |Is becones snaller as the tenperature difference AT ﬂ@@
smaller. 20 In the present enbodinment, a current value AB to be

inputted/outputted with respect to the high-pressureshat ttggryslaﬁgjgéi
controlled to the small value as the perm ssible current pe¥alede,dsa1pecones

smal | er. Because the calorific value of high-pressure battery 17 can be
controlled if the current value 25 AB nade snaller. Hereinafter, a current

value AB . inputted to . and outputted fromthe high-pressure battery 17 is
ot | ed 50e" 15055 SarDiaRt BOTRR L DRt r ek s SIS Gror bt 6B/ 08611

t he i nput-and-oytput _current value AB. In qther words, the prevention of
the tenpBraVEPE1PNsRt 5Ma hETREGATPFESSI®Ohatie Py INTPIESTUSE BRAFRTEA | f

t he input-and-output current value ABis controlled to the small value. 5
The per nitdsTHN %GRV Srhtde tHS st PIRF B3I cor FREpIHISE 40 Waidiec ABciif at or
whi ch conputes the perm ssible current value 1|Is to be inputted to or

out put t e§oRitERILRE fondih@ dMalfheadbdanged current val ue average

cal cul ator 64 nenorizes the absolute value of the input-and-output current
10 vafue AB f3FPetRerPASEIRLE RBSTCRRIVTHI® J SR & 3aGeFA§EPPREFeBP as t he
exchanged current value average lav. This exchanged current val ue average
lav is afhgvera§EleEPde FBLChheompaseSnthpnesrBisehblenareanti sehaeged
current value of the high-pressure battery 17. 15 The exchanged current
val ue avéﬁaG@ bgy inpuddlesyiter e fortputted from the generator.

{ The exchanged current value average calculator 64
memorizes the absolute value of the input—-and-output current
10 value AB for the past n times, and calculates the average
thereof as the exchanged current wvalue average Iav. This
exchanged current value average Iav is an average value for the
past n times of the charged/discharged current value of the
high-pressure battery 17.
15 ' The exchanged current value average Iav is calculated for
abrogating the influence of an unusual value etc., and for
( achieving the stable controlling.
In the present embodiment, the exchanged current value
average Iav is computed in the absolute value of the
20  input-and-output current value AB, because the high-pressure
battery 17 causes heat irrespective of the polarity of the
current value, which is inputted to and outputted from the
high-pressure battery 17. In other words, since heat arises
whenever the input-and-ocutput of current to the high-pressure

25  battery 17 is carried out, the absolute value of the

input-and-ocutput current value AB 1s used for computing the

19



abrogating the influence of an unusual value etc., and for achi evi]nggjmrmf'
stable controlling. In the present enbodi nent, the exchanged current” val ue
average lav is conmputed in the absolute value of the 20 input-aﬁgﬁﬂgtput
current value AB, because the high-pressure battery .17 causgs,hedt
. . . erifled nslatlon of
irrespective of the polarity of the current value, whi CRck BrpgRpgHehed to
and outputted fromthe high-pressure battery 17. In other words, since
heat arises whenever the input-and-output of current to the high-pressure
25 battery 17 is carried out, the absolute value of the input-and-output
current FXchangEd SUWREEDT o2 bHIMNE TP hE2V19 1 5 JUN 2005 P00915
Verified translation of PCT/JP02/08611 exchanged current val ue, average
lav. The exchdtge¢xcharand valirendy drdye PGP Bé Vo RedoPtabhRfthe
i nput - and-out put current value AB, which has the ol ari t%/ of positive or
negat i ve,friomsttéed iofoutre Bliqptruarei biaput valne ehe  vahbeh AB2s weli@h is an
~absolute value. The current value determ ner 65 has a conparison function
etc., angodenpdanesft wgidriiestblregakient vasteadsodi thethe exchanged
current value average lav. Wen the exchanged current val ue average |av
exceefls timputeamdsiutipe: toureen tvasive KB | yhidhais>an gpsolivde wdghent fl ag
Fis set as H Wen the exchanged current value average lav is equal to or
bel ow t he pelMnessibkentuvakne detiarniner @GSahas| s )compatisive dvpekiRand, the
judgment flag F is set as L. The current value determner 65 transmts the
judgment etc., and compares the permissible current value Is with the
{ exchanged current value average Iav. When the exchanged
current value average ITav exceeds the permissible current value
10 Is, (Iav > Is), the judgment flag F is set as H. When the
exchanged current value average Iav is equal to or below the
permissible current value Is, (Iav<=Is), on the other hand, the
judgment flag F is set as L.
The current value determiner 65 transmits the judgment
15 flag F to the power-saving coefficient adjuster 66.
The power-saving coefficient adjuster 66 has an
i adder-subtracter function etc.
When the judgment flag F is H, the power-saving
coefficient k is gradually made smaller in order to prevent the
20 rise of the battery temperature TB. To be more precise, when
the exchanged current value average Iav exceeds the permissible
current value Is, (Iav>Is}), the power-saving coefficient k is

gradually made smaller for controlling the input-and-output

current value AB (% ocutput command value) of the high-pressure
25 battery 17. Thereby, the rise of the battery temperature TB

is prevented.

20



15 flag F to the power-saving coefficient adjuster 66. The power-s ng HQN 7005
coefficient adjuster 66 has an adder-subtracter function etc. Wen e
judgment flag Fis H, the power-saving coefficient k is gradua%%/91 de
smaller in order to prevent the 20 rise of the b@érti(Erié/d tenperature TB. To
be nore preci se, when the exchanged current val ue averagc%c@@ypoﬁ?g&el s the
perm ssible current value Is, (lav>ls) , the power-saving coefficient k is
gradually made snaller for controlling the input-and-output current val ue
AB (C out put conmand val ue) of the high-pressure 25 battery 17. Thereby,
the rise of tHimtRersrtenperat eeef TBcipstpkelenthba. coaffisispl, 2605
P00915 Verified translation of PCT/JP02/08611 This power-savi ng
coef fici efitich jthe mutpet ffesenictbyn A dafinedout put restriction is
defined. The power saving, the restriction of the output, is not perforned
when the powerktsadanetoeffing erthek destr (oriaro@d) thes oanduts, tisi ot
coefficient k becones snaller, power save will be perfornmed greatly. The
power - sadanf cooesfd intieantthle poweontseolingd coefddcientdieckease ogr a4l .y for
every predetermned tine, for exanple, it is nmade small at the speed for
0.03 5 1msecdndd it hred fpoirntld Yeddmsecomablel davrwsprtdve wiHdt bies, it
Is after 15 seconds that the power-saving coefficient k, which was 1
(100% | gsirfidarmed gseseiyto 0.97 (97% . This decreasing of the
power - savi ng coefficient k at

The power-saving coefficient k is controlled so as to

{ decrease gradually for every predetermined time, for example,
it is made small at the speed for 0.03 / 15 seconds (three point

10 / 15 seconds) (decrement). That is, it is after 15 seconds that
the power-saving coefficient k, which was 1 (100%) last time,
is set to 0.97 (97%).

This decreasing of the power-saving coefficient k at
predetermined rate is performed in order to prevent the

15 occurrence of the uncomfortable feeling to a driver.

Because if the power-saving coefficient k is changed rapidly,
{ since output power from the motor is also changed rapidly, the
cruising of vehicle becomes jerkily. Thus, the uncomfortable

feeling is given to a driver.

20 When the judgment flag F is L, on the other hand, the
power-saving coefficient adjuster 66 makes the power-saving
coefficient k gradually larger (returns to 1 [=100%]) for
canceling the restriction (control) by the power-saving
coefficient k. In other words, when the exchanged current value

25 average Iav becomes smaller than the permissible current value

Is, the power-saving coefficient k is made gradually larger in
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predetermned rate is perfornmed in order to prevent the 1i5 occurren?? RJfN 7005
the unconfortable feeling to a driver. Because if the power-saving
coefficient k is changed rapidly, since output power fromthe Pl is

al so changed rapidly, the cruising of vehicle beggmgeheggghgyatrp%gu& t he
unconfortable feeling is given to a driver. 20 Wen the gudgpenistiiag F is
L, on the other hand, the power-saving coefficient adjuster 66 makes the
power - savi ng coef fi ci ent k gradually larger (returns to 1 [=100%) for

e R s R R T R e

smal l er than the perm ssible current value |Is, the power-saving
coefficidht k is made gradually larger in 21 1 5 JUN 2005 P00915 Verified
translation of_ PCT/JP02/08611 order to cancel the restriction by the
power - savi ng coef FRef efgcagionn PHH?VSEGaélfoﬁhehB%@é“rsa"fmghe power - savi ng
coefficient Kis rapidly made |l arg (returned) a driver nray 5 feel the
unconf or tSM & ¥R %Faﬁﬁé’\}éfnf“?ﬁﬁ LABIBECHFPERERRI LS 2 I (R¥e S1for t abl e
feelings to a driver, the power-saving coefficient k is made gradually

| ar gef atf%ﬂﬂereﬂ%%‘é@f‘%‘PﬁFﬁ‘éHe fieftlema Fqler§Y§ﬁl§P§g T oeccUT aEshds,
(increment). Wien the power-saving coeff|C| ent Kis less than 1, and |f
the 10 ba&k SFh SHFETHEUT @ eI s 53 & i Yot e SHE! @Ot"’@ﬁ"'péraa’t%ﬂ% Tsl,
the judgnent flag F to be transmtted fromthe current value deterniner 65
is L. |,1qqﬁgfkgk%gtdﬁjjﬁﬁédgoqéﬁdga&ﬂmglarger at every predetermined

i interval, for example, 0.03 / 25 seconds, (increment). When
the power-saving coefficient K is less than 1, and if the
10 battery temperature TB becomes less than threshold temperature
Tsl, the judgment flag F to be transmitted from the current
value determiner 65 is L. In this occasion, the power-saving
coefficient K is gradually returned to 1 for preventing the
coccurrence of the uncomfortable feeling to a driver.
15 Both of the power-saving coefficient adjuster 66 and the
.output command value corrector 67 play a role of the command
i value corrector.
Moreover, the power-saving coefficient adjuster 66 plays
a role of the restriction adder and the restriction reducer.
20 The output command value corrector 67 has a comparison
function, a multiplication function, etc. When the polarity
of the output command value CP is positive {(i.e. when it is going
to assist), the cutput command value corrector 67 carries out
the multiplication of the power-saving coefficient k and the
25  output command value CP, and outputs the result of the

multiplication to the inverter 16 as the corrected command
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coefficient Kis gradually returned to 1 for preventing the occurrence of
the unconfortable feeling to a driver. 15 Both of the power-savingj§ JUN 2005
coefficient adjuster 66 and the output comrand val ue corrector gf5ipl ay a
role of the command value corrector. Mreover, the;iPoWeh+S@MaRbon of
coefficient adjuster 66 plays a role of the restrictionpaddeinzangksitihe
restriction reducer. 20 The output command val ue corrector 67 has a
conparison function, a nultiplication function, etc. Wen the polarity of
t he out put congipd value CP is positive (i. e. when it is going to assist)
, the outPut'corfmand val ue corrector 67 carries out the nultiplication of
t he power-saving coefficient, k and the 25 output co nd val.ye,CP, and
outputs the r &R 0¥ (BRIFA LY P cHEF oRUERY E R oT%@%&?g?gﬁﬁ gg t-Re
corrected command 22 1 5 JUN 2005 P00915 Verified transl ation of

PCT/ JP02PGIETEVSral e OF - Bife FAHEBbIY: '“teyCBFrteﬁé%utﬁguPeEgﬁﬁﬁﬁdt\‘?&I ue CP

is negative, the output command val ue corrector 67 E rfor t he

mul ti pl i S8R0 a ST Bt ROMRG "SAFHAKT Rt & kCEAY Phang a3 UGN ch i s
obtained by increasing the inputted output conmand CP by 10% Then, the
out puf cotfiiEid 1¥aPhEa EBEfRY dMFRAGUTPLTRS %%@“Eﬁ??i%ﬂ?Qﬁ%iQﬂT“FﬁghFF to the
inverter 16 as the corrected output command_value CP. To he nore precise,
the corr & é@% -oulfHen .coimPard tRatuscrpangpvR 1ee) GOXTRCKAEN S h8USBHESi ty i s
10 negative (regeneration), the corrected output command value CP= CP x k
when t he 9§ Bwiltyinld gedsiian ¥espddsitet geynverter 16 as the corrected

( ocutput command value CP. To be more precise, the corrected

output command value CP= CP x 1.10 x k when the polarity is
10 negative (regeneration), the corrected output command value
CP= CP x k when the polarity is positive (assistance).
The output command value corrector 67 corresponds to the
coefficient multiplier.
The reason why the output command value CP is made larger
15 when the regeneration is performed will be described as below.
In the high-pressure battery 17, the battery voltage VB
( varies according to the difference in the operation mode
thereof, e.g. the assistance mode (discharge), the
regenerative mode (charge). In case of regenerative mode, the
20 battery voltage VB of the high-pressure battery 17 becomes
higher than the case of assistance mode (I-V characteristic).
Thereby, the input-and-output current value AB at the time of
regenerative mode becomes lower than at the time of assistance
mode even if the output command value CP is same.
25 Accordingly, the output command value CP at the time of

regeneration should be made larger in order to enlargé the
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The out put command val ue corrector 67 corresponds to the coefficient N 2005
multiplier. The reason why the output comrand val ue CP is made Iarb%ﬁu ﬂ@
when the regeneration is performed will be described as below lf,the

hi gh-pressure battery 17, the battery vol tage VB )3rikges; acgonding 1, the
difference in the operation node thereof, e.g. the assi stanGa e

(di scharge), the regenerative node (charge) . In case of regenerative

node, the 20 battery voltage VB of the high-pressure battery 17 becones

hi gher than the case of assistance node {I-V charaqieri tic Ther eby, the
e

i nput - andPBYEFARIC QYT GHF GETAR 4t US hel } PHE ST OT e é?h?%ggoﬁﬂﬂﬁgbecones
| ower than at the tine of assistance nopde even if the output command val ue
CP i s safBe PS9RRESAIIRG ¢ IfErd igGiyut WSt @WargEmepdayalhe FPndtof
regeneration should be nade larger in order to enlarge the 23 1 5 JUN 2005
P00915 VEREf tdBet PdnJeRans gt OTPCHIPod/ o anade | hptdeBnd- BaePutnBur rent
value. In other words, for performng the regeneration effectively, the
out put cémrAdlvBptsecy ¥pltage YRml dthe dgaieRRe G hOHtF By Addas| arger.
Wien the initial battery voltage VB of the high-pressure battery 17 is 5
140V, 8i f 1ER¥ .mbfoktha o0 g i4/ds By ivRe Bt PR LumtEhFommansl vplue SRy in
order to assist the driving force of engine 11,the battery voltage VB wll
drop from 2E@Vino O3BV 450 sl tthy dgh sktar ferce nof hpaIbdeeadt ohl'et he
actual input-and-output current value AB becones about 15 anpere (A) (in
this casbattergurednaoe JRswikll| fropvheemt hilY cgenetOM iasn ai sepeitorfed on
t he
i discharge. 1In this occasion, the actual input-and-output

current value AB becomes about 15 ampere (A) (in this case,

10 Current flows well). When the regeneration is performed on the

same conditions (VB=140V, CP=2kw), the battery voltage VB will

raise from 140V to 150V because the electric current given by

the regeneration flows into the battery 17. Thus, the actual

input-and-output current value AB (current value with which

15  CP=2kw is filled) is decreased to about 13 ampere (A).

In the case of regeneration, in which the input—an_d—output
current value AB becomes small, the output command value CP is
always multiplied by 10% irrespective of the value of the
power-saving. coefficient. Thereby, the same amount of the

20 input-and-output current value AB as at the time of assistance
mode will be streamed when the regeneration is performed

As described above, the multiplication in compliance with
the operation mode of the motor is preformed. Thereby, the rise
of the temperature of the high-pressure battery 17 is prevented

25  because the input-and-output current value AB (current value

to be discharged) discharged from the high-pressure battery 17
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same conditions (VB=140V, CP=2kw) , the battery voltage VB will 1halielldy om
140V to 150V because the electric current given by the regeneration flows
into the battery 17. Thus, the actual input-and-output current yal,ue AB
(current value with which 15 CP=2kw is filled) ig.decLreased.Q;aboyt 13
anpere (A). In the case of regeneration, in which the | nput;awdsesdiput
current val ue AB becones snmall, the output command value CP is al ways

mul tiplied by 10%irrespective of the value of the power-saving
coefficient. Therehy,. the same anouynt .of the 20 input-and-output current

Vol ue. AB Lis CoP g Hihe NiSTadhes PR I o8 HE OBEbu SRR PehdA Re
regeneration is performed As described, above, the multiplication in

conpl i an&® Wi PO e Bheratd orf hothke of 1PReC ot 87 LF52PFEf BPAED. Thereby, the
rise of the tenperature of the high-pressure battery 17 is prevented 25
because the i MR SEMRURPIC dbrFem! FaCuELAB -PEGSRIRE PAWHE Yt § bl

di scharged) discharged fromthe high-pressure battery 17 24 1 5 JUN 2005
P00915 VérdsE &det Pé’asqrdtqyor? fofthepEPPpd2 ,OBRTd V& 1dEnFollPeBEIRAEH L he
polarity of the output command value CP is positive, e.g. at the tinme of
assi sfancdmsd@se regfpe R uken ki 5t dFseneravVERtBrlessBFeaBact ERG 17 in
case the polarity of the output command value CP is negative 5 (in case of
r egener atine)t jaficatapt v e vent eRn t Bt hel AR hEC | RPuEhardeButputhurrent val ue
AB to be charged in the high-pressure battery 17 is controlled. The out put
comand Vdldie Ry sueg Jor B XY pt 7 elis bgonbgeatedt he time of the regeneration

nmode, in which the o
! The ocutput command value CP is also multiplied by 10% at

the time of the regeneration mode, in which the

10 input-and-output current value AB becomes small as a result of
the rise of the battery voltage VB. Thus, the input-and-output
curfent value AB having a same amount as at the time of
assistance mode can be charged to the high-pressure battery 17.
In other words, the recovery rate of the regenerative energy

15 is improved. In the present embodiment, the control-unit CU
not only acts as output restrictor of a motor 12, but also a

{ charge restrictor of the high-pressure battery 17.

CONTROL FLOW
20 The control ﬁanner performed by the control-unit CU
disposed in the drive unit 10 will be explained with reference
to the control flow chart shown in Fig. 6. In this control
manner, the control flow chart is performed repeatedly by the
predetermined interval, for example, dozens of milliseconds.
25 First, the battery temperature TB detected by the battery

temperature sensor T is inputted to the temperature estimator
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10 i nput-and-out put current value AB becones small as a result of 15 A 0% ¢
of the battery voltage VB. Thus, the input-and-output current value AB
havi ng a same anount as at the time of assistance node can be ghanged to
the high-pressure battery 17. |In other words, thgfiecoveryndiate.Pbst he
regenerative energy 15 is inproved. In the present enbodipg®Bntesztdesii
control-unit CU not only acts as output restrictor of a notor 12, but also
a charge restrictor of the high-pressure battery 17. CONTROL FLOW 20 The
control ng r erfg_rrred by the control-unit CU disposed in the drive unit
10 will I ne W|th reference to the control flow chart shown in

Fig. 6. Inth on nanner thecntr Wchr i erforned

regeat edl y ble%ﬁ(g: %F‘&d%?elf’ﬁ%ﬁ%&r n?%?b'g? Of‘“oé a]'rsé ht?&?‘gﬁsor not
m'IIisec First, the batt erature TB cte by .t he batter
Tormor ot Ghe - barcar v seinaAh ey T Thel b Hoah chs: EREESRoYas S o oin
2005 P0OQ915 Ver| fie ﬁ sI ation .of 5CT/JP02/ 08611 62 Ste StJE . Next,
the t enp&FEPGrE TS Ml off B2 S¥REBRE WARBHRFE T7° hot>2 18 Y ?rf'@$§a Bfiferature
TBis_lar han_ t ﬂe threshold te erat re Tsl (for exa 40 degrees)
, Batlery eﬁ%éﬁ&ﬂ‘ﬁ’ g %eﬁ*ﬁﬁr?ﬁﬂléfﬁwér HE&PaFBFe %Ferwggm?ﬁ’éaﬁaf?ery

tenperature is _not |arger an the threshol d val ue Ts|, the grocesa ng

term nat &S PRt Pna§9§re sy te it I ner L ur BS L ¢ hR® REPFRREFBA of the
out put command val ue usi ns%the power - savi an coefficient Kis not
per f or medSTHHER HEffe lﬁhtm ep (Step 512). 'Tn other words, the

[ correction of the output command value CP using the
power-saving coefficient K is not performed, when the battery

10 temperature is smaller than the threshold value (temperature
Tsl} .

When the battery temperature TB exceeds the threshold
temperature Tsl, on the other hand, the permissible current
value assigner 63 defines the permissible current value Is by

15 referring to the Map shown in FIG. S based on the battery
temperature TB (Step S513).

{ The exchanged current value average calculator 64
computes the exchanged current value average Iav detected by
the ammeter A (Step S14).

20 The current value determiner 65 checks whether or not the
exchanged current value average Iav exceeds the permissible
current value Is, Iav > Is, {(Step SL15).

When the exchanged current value average Iav exceeds the
permissible current value Is, the power-saving coefficient

25 adjuster 66 makes the power-saving coefficient k gradually

smaller for preventing the rise of the battery temperature TB
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10 tenperature is smaller than the threshold value (tenperature Ts1). Wien
the battery tenperature TB exceeds the threshold tenperature Tsl, P?JHW?WE

ot her hand, the perm ssible current value assigner 63 defines_g%&
31

. . . 1
perm ssible current value Is by 15 referring to the, M shown Ié. 5
based on the battery tenperature TB (Step 813).‘¥%é exc@gpgg@zgggﬁgnt

val ue average cal cul ator 64 conputes the exchanged current val ue average

| av detected by the amreter A (Step S14). 20 The current val ue determ ner
65 checks whet her or not the exchanged current val ue average_.|av exceeds
the per nibgspﬁﬁ‘éngcﬂ}eerﬂu%méjqr@}aq walyg Ch S‘?‘%%‘J;‘i%) .(EthnSJrﬁb‘ exchanged
current value average |av exceeds the perm ssible current value |Is, the
power - savi ng 5%@*?FgPé%¥C“?@g%ﬁj%%ﬁ%ﬁ“%é“ﬁ%k%évﬁﬁégﬁoﬁéYJ§h9PHQWCBE?ficient
k gradually snaller for preventing the rise of the battery tenperature TB
26 1 5 JORIPASSIPEOSHF NG M rehs| o i B ot theoeTramde/ 88811 by naki ng
t he output command value CP snaller (Step S16). Wien the exchanged current
val ue av@pPH§E-PaYing KE tHEN Hetdd $SoF O urdledt VAE URCYSI~BAVERE ot her
hand, the power-saving coefficient adjuster 66 nmakes the power-saving 5
coef f  ci epefifilcdegdr ki byegelr thievd o thhe 1pargal(vabye 1009F E@%MSS@).
Then, the output command val ue corrector 67 corrects the output command
val ue CPSBy)performing the nmultiplication of the

Then, the output command value corrector &7 corrects the
( output command value CP by performing the multiplication of the
power—-saving coefficient k to the output command value CP.

10 Here, the power—saving coefficient k defined in Step 16 of Step
17 is used.

In case of regeneration, additionally, the output command
value CP is always multiplied by 10% (CP = CP x 1.1 x k),
irrespective of the value of the power-saving coefficient K.

15 By multiplying the output command value CP using the

power—saving coefficient k, the rise of the battery temperature

({ TB can be controlled without causing uncomfortable feelings to
a driver even when the battery temperature TB of the
high-pressure battery rises.

20 In the present embodiment, furthermore, the permissible
current value Is is assigned on the basis of the upper limit
temperature Ts2 (for example, 45 degrees). Thus, the battery
temperature TB is effectively controlled so that the battery
temperature TB does not rise more than the upper limit

25  temperature TsZ.

As can be seen from FIG. 4, when the battery temperature
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power - savi ng coefficient k to the output comrand value CP. 10 Here, th

power -savi ng coefficient k defined in Step 16 of Step 17 is used. Ih5§Q§@W5
of regeneration, additionally, the output command value CP is @gaays
multiplied by 10% (CP = CP x 1.1 x k), irrespectiyeraly thaevatue ok the
power - savi ng coefficient K 15 By nmultiplying the output pcommanthasal ue CP
using the power-saving coefficient k, the rise of the battery tenperature
TB can be controlled w thout causing unconfortable feelings to a driver

even wheg  bhe babt ety 4 QEPELILUr ¢, LB, 8L LN 0t gN: DrSSRLE G RatL STV fiLses. 20
£ enbodi f , the pe e

In the présen ment, Turthernor rnss current value Is

i's assign on the_basi.s.of ,.the rolimt enper a 2 anpl e,
42 dogr SBEHoR E28p ARIENOLNE"BLRRE 1ihTL ol GIPELAILE fodal AESbmEX Tl <,
that the batter te rature TB does naqt. rise. nore than the_upper. limt 25
t enper at Ut efgzy Ry %Elﬁt%ee PEELR rﬂa&ﬁei:f)% hyDT PR &7 Hifed Bady § u?@*p%? ature
27 1 5 JUN 200§W P00915 Verifjed transl at.ion aof . PCT/ JP02/ 08611 s2 is
cont rol | 8§6BP&RATRE BEFEPSE HiE T ‘%ﬁﬂ’bo s€ AEPYLAGE S V3MP Ghi ch
the output limt vabue is defined, becones. w dest. Thus, the pe Eornance
of hybr | BEGERIES SEEDER 10PPS- ba D BERETSYPEESd BEAINE Eho S BOFR LBRBN of

t he outpu%ﬁlinit val ue 5 becones rather | oose. In(gth r words, ﬁhen t he
rise moré& fﬁﬁpefH%”ﬁbbé@WQQﬁ%t%%%ﬁ§§afﬁﬁgeﬂﬁ?ﬁ% praFe RBERY Y ha™bht put

l[imt wvalue is defined fromrather |gose restriction range. Thus,
vague is defined from rather ?oose restrgctgon ragge. %ﬁus,

the performance ¢of hybrid vehicles can fully be demonstrated
because the restriction of the output limit value becomes

10 loose.

TIME CHART 1
The operation of the drive unit 10 for vehicle will be
explained by referring to the time chart shown in FIG. 7. FIG.
15 7 is a time chart showing the brief transition of the battery
temperature and the power-saving coefficient depending on the
{ driving condition.
In FIG. 7, the time chart, which shows the transition of
the battery temperature TB of the high-pressure battery 17
20 depending on the change of the cruising condition or state of
a vehicle, i.e. the change of the sloping angle SL of the road
or the change of the crulising speed, is shown.
In FIG. 7, moreover, the graph shown in bottom with bold
line is a time chart showing the transition of the power-saving
25 coefficient k.

As can be seen from FIG. 7, the cruising condition of the
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t he performance of hybrid vehicles can fully be denonstrated because the
restriction of the output limt value becones 10 |oose. TIME CHART, é Bpﬁ 5
operation of the drive unit 10 for vehicle will be explained b U&ﬁh H @
to the time chart shown in FIG 7. FIG 15 7 is @, ting chart .shaw g the
brief transition of the battery tenperature and the powepcpadbiBiss11
coefficient depending on the driving condition. In FIG 7, the tinme chart,
whi ch shows the transition of the battery tenperature TB of the

hi gh- pressure_battery 17 . 20 dependi n the change, of, the cruising

condi {1 OfeBICataBHe VaniRAGRE (5%, HAREL I TIo t he' STOBI e Rhgle SL of
the road or the change of the crujsing speed, is shown. |n FIG 7,

mor eover YPFRAT FQBH“?h&WW%%+QQﬁ¢(Nﬂ%éh??qﬁﬁ CIHIRATE a tFREEREPESshowi ng
the trangition of the power-saving 25 coefficient k. As can be seen from
FIG 7, RRENCEREELNE2E3RUIAGTH B iRy / darel er e opeul Povgis 3R fi ed
transl ation of PCIT/JP02/08611 vehicle changes in order of "U ban

cr ui si ng"UrbEBnErNE§dE 9 "ups AR doWhL &t G P no ™ AR S pedlt ckiutsi ng”
"Conti nuous high-speed rapid accel eration/decel eration cruising”, and
"Urbah cYaR3FAE" 1sHEr@1sigbhan dhif SHHRp? meAd: t hftoR e W¥ehicle is

crui sing on the urban road. "Continuous ups-and-downs cruising" neans that
t he vehi ¥P&-padcAgMeisngratsiagnsnaansspet Bt ed idfd 1FaGFH§Ses[t fRuous

ups- and- downs. )
constant speed on the road having continuous ups—and-downs.

{ "Continuous high-speed rapid acceleration/deceleration

cruising"” means that the vehicle is cruising with repeating a
10 rapid acceleration and a rapid braking by turns.

In the drive unit 10, hybrid vehicle, the driving force
is supplied from both engine 11 and motor 12 at the time of
acceleration, and is only supplied from the engine 11 at the
time of cruising. In the case of braking (regenerative mode),

15 additionally, the electric current is generated by the motor
12, and is charged in the high-pressure battery 17.

{ Thereby, the hybrid vehicle can drive the engine 11
efficiently enough, and can utilize the regenerative enerqgy
given as a result of the regenerative generation by the motor

20 12.

Operation of the drive unit 10 for vehicles will be
explained with reference to the time chart of Fig. 7.

In case of "Urban cruising", the acceleration and the
braking of the vehicle is performed depending on the traffic

25 condition, such as stop by stoplight. 1In this vehicle, the

motor 12 assists the engine 11 at the time of acceleration, and
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"Conti nuous hi gh-speed rapid accel eration/decel eration cruising" neans that
the vehicle is cruising with repeating a 10 rapid accel erati on and! & JUAZH
braking by turns. In the drive unit 10, hybrid vehicle, the driyjmgsforce
is supplied fromboth engine 11 and notor 12 at the,tiJye.of.s186681 geation,
and is only supplied fromthe engine 11 at the tine of guissoNMhechn t he
case of braking (regenerative node), 15 additionally, the electric current
is generated by the notor 12, and is charged in the high-pressure battery

17.  Thereby, the hybrid vehicl drive th ing, 11 effjcientl
enough,  BRADERSEPH FEIERBPEGURCRAPFEE aREr 8y Orveirasss T Lelie dr tne

regenerative generation by the notor 0 12. eratiqn of th rive unit 10
for vehi dPEERKARY -pe ACSOFICENHY wi Fé\‘%@?‘{ &alt 59 thatt®of Fig. 7.
In case of "Urban cruising”, the acceleration and the braking of the

vehi cl e hégbépff&sﬁ@efed%égarhgl7oﬁSth%p%%?@i Y t9ENSohRiGSEh O TsIEHPAR st op
by stoplight. In this vehicle, the notor 12 assists the engine 11 at the
time of &EEBéFeéR&ti-on, and 29 1 5 JUN 2005 P00915 Verified translation of
PCT/ JP02/ 08611 perforns the regenerative generation at the tine of slowlown
(braking). Ac®&r @heymy ing ﬁé%hgrrgéh&d)a(ﬁtsecﬂi’ar%“%r%we MYt hFeIstre
battery 17 is repeated by turns in case of "Uban _cruising”". 5 As shown in
Fig. 7, Lhéthbsgt edr heefddrand € UrBam eiging't | dmtthde 25525 ¥ Ur ban

cruising”. In that occasion, o ) . _
however, the power save coefficient k is still in state of 100%

{ {1} .
In the "Urban cruising", the vehicle cruises in the state
10 that the battery temperature TB does not exceed the threshold
temperature Tsl (for example 40 degree), or in the state that
the exchanged current value average Iav does not exceed the
permissible current value Is, even though the battery
temperature TB exceeds the threshold temperature Tsl.
15 Next, the cruising condition changes to "Continuous
ups—-and-downs cruising”. In the "Continuous ups-and-downs
[ cruising", the vehicle cruises on the road having continuous
ups-and-downs at constant speed. The high-pressure battery 17
is discharged at the time of uphill cruising, and is charged
20 at the time of downhill cruising.

Thereby, the more input-and-output current flows at the
time of uphill cruising or downhill cruising than the urban
cruising. Thus, the rise of the battery temperature TB 1is
arisen. For preventing the rise of the battery temperature TB,

25 as shown in Time chart of FIG.7, the power-saving coefficient

k is made smaller by the power-saving coefficient adjuster 66
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however, the power save coefficient k is still in state of 100% (1 §UUNI2605
the "Urban cruising”, the vehicle cruises in the state 10 that the battery
tenmperature TB does not exceed the threshold tenperature Tsl (fgq,8xanple
40 degree) , or in the state that the exchanged gutfght +¥allgaVve.age |av
does not exceed the permssible current value |Is, even thpughotvhe1hattery
tenperature TB exceeds the threshold tenperature Tsl. 15 Next, the cruising
condition changes to "Continuous ups-and-downs cruising”. In the

"Conti nuoys ups-and-dqowns . cryjsjng’, .j.he vehicle cruises on the road

havi ng cBEtFEﬁoEQntﬁﬁ féﬁﬂﬁﬂéakshQQBC stant speed. The high-pressure
battery 17 1is discharged at the tinme of uphill cruising, and is charged

20 at the tinénthGbﬁWWﬁqqnqnmeﬂ4ﬁfe“ﬁnn%ﬁﬂﬁetqﬂ?r&ﬁ%@ MUY L SHAd- out put
current flows at the tinme of uphill cruising or downhill cruising t han the
urban cFERSTAGLeMtUE 1EnBaPRsEMBLBRe2bat PR yaRENDRFSE uFRT TRXREPLSY | sen.
For preventing the rise of the battery tenperature TB, 25 as _shown in Tine
chart ofOFpé.g,1§hé958%€§458vﬁﬁgvéée9¥iEh%nYehkcig fagé eral FeRlpyehe
power - savi ng coefficient adjuster 66 30 1 5 JUN 2005 PO00915 Verified

t r anst at ogoBf o rmehlEPd2rddeus - o NehE1E8NPF of PBNPR L ERFY FFEMP8Y2tPRSt he
present enbodi nent, since the power-saving coefficient k is nmade smaller
at const 3Bt ipadbsofpFeesarpl s theoBattesvsEEBREE2 TRIGr TReReBF S8ABSVehi cl e

does not feel the 5 unconfortable feelings. The rise of the battery
t enper at ure In the present embodiment, additionally, the correction

{ of the output command value CP by the power-saving coefficient
k is carried out within the rather loose restriction range of

10 the ocutput current as shown in FIG. 4. in other words, the
correction of the output command value CP is carried out within
the region, in which the upper limit of the output limit value
is not so high.

As can be seen from the power—-saving map shown in FIG. 4,

15 the determination of the output limit value is carried out
within rather lose region. In other words, the determination

{ is carried out within the region, in which the upper limit of
the output limit value is not so small. Thereby, a driver
{vehicles) can fully receive the assist by the motor 12.

20 This effectiveness is also obtained in the regenerative
mode. Thus, a driver (vehicle) can utilize the regenerative
braking while accepting the correction (restriction) of the
output command value CP by the power-saving coefficient k.

In the present embodiment, the rise of the battery
25  temperature TB is certainly prevented by correcting the output

command value CP using the power-saving coefficient k. Thus,
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TB is also prevented as the battery tenperature TB decreases. In th
present enbodi nent, additionally, the correction of the output comTé%dJUN 2005
val ue CP by the power-saving coefficient k is carried out w thipd;Re
rather | oose restriction range of 10 the output @UiEeM @5, SRQWMY, 152 FI G

4. In other words, the correction of the output conmand watuoelodes1carried
out wwthin the region, in which the upper Iimt of the output Iimt value
is not so high. As can be seen fromthe power-saving map shown in FIG 4,

15 the det 1.nat i f th tput limit | ' | ed it hi
rather | G reghort e ChiT v aes vt RebaEberhi hdi FoR DFoPRRPRRIoLL

ithin th jon, in which th limt of th tpuf limt | [
not 'S0 sral | - VTR eby"ea G110 (VORISR CGReParpy 1hoehsahTAESRSS st by

the notor_ 12. 20 This effectiveness is also optained in the regenerative
ode T LI vor TPy hLS| BYSEant R P12 T SBGTHRY B0t 10° BRARERG whi 1 e
accepti n%the correction (restrictign) of the _output comyand val ue CP by
the powerE¥EHA Y Y&Fef Ghdnenging ihe fPESenthenhBBPLEAPA-PHEPH B0 the
battery 25 tenperature TB is certainly, prevented by correcting.the output
comaid VAluE I i hFH e Powe? - S4%i RORFEFRHERt PREEGRUSL 7 38 BO5 JUN
2005 PO0915 Verified translation of PCT/JP02/08611 the |ife of the

hi gh- pr eS&h%e 9ht%ery 17 can be prol onged. Next, the cruising condition
changes to "hi h-sgeed cruising”". In this node, vehicle cruises only by
the driving fit cENFvErIRF ke eAgPRE The TRuShapEEd MtiteiHd- SaLB6t of

{ average Iav decreases and becomes under the permissible current
value Is, the requirement for performing the correction of the
10 output command value CP by the power-saving coefficient k is
not fulfilled. Thereby, the power-saving coefficient k returns
to the initial state.

In that occasion, since the power-saving coefficient k
becomes larger at constant rate, for example, 0.03/25 seconds,

15 the uncomfortable feeling caused by the change of the output
power will not given to a driver even if the throttle is
! operated.

The power-saving coefficient adjuster 66 of the

control~unit CU (shown in FIG. 3) corresponds to the
20 restriction reducer.

In the "high-speed cruising", the cooling of the
high-pressure battery 17 is fully performed. Thereby, the
battery temperature TB is dropped.

In the time chart, the cruising condition changes to

23  "Continuous high-speed rapid acceleration/deceleration"

before the battery temperature BT drops too much.
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S the electric current to the high-pressure battery 17 is not carr ?qUQ%ME
In that occasion, since the exchanged current value average |av decreases
and becones under the permi ssible current wvalue Is, the requirggpnt for

perforning the correction of the 10 output comang.Valdie tEhUtidhe of
power - savi ng coefficient k is not fulfilled. Thereby, thkerjouwerssavi ng
coefficient k returns to the initial state. In that occasion, since the
power - savi ng coefficient k becones |arger at constant rate, for exanple,
0. 03/ 25 seconds, ,,15 t,| confort bIe feelin sed by the change of the
out put power %P|Fﬁhﬁ e q?us rSRVE §§§f%e throttle is operated.

FlG 3 E6rris %&33%{%*%?3”%3%?{5 5 o ‘f’hg%‘isﬁ%%iéjﬁj tided
?LE?ZLQ%H?%@%@I@Q ot e o T obett TRLE TSt | e EEPBESt e
%g'ﬁféggpﬁgég%ﬁgﬁgggﬂgggﬂe{/ &mf%%& %?feg?yg'eg TV ARG GOBTL HFSBEt oo
this ®cCoftindREFsaed %Eﬁer%bgelﬂ"%@g%ﬂté;%tn}?%%%&]&(}e?‘ﬁil:‘)%/ﬁ:']P%t"nggé arge

and di scharge of the high-pressure battery 17 is re eat ed_as
"COI’]'[I nug&ggs:.on, decreaQSJ.npg of the outpu‘g/ command 3 ue Cg lg\BH as

controlled by the control-unit CU.
( In the present embodiment, the battery temperature Tb does
not exceed the upper limit temperature, for example, 45 degree,
10 because the power-saving coefficient k can further berdecreased
even if "Continuous high-speed rapid
acceleration/deceleration" is further repeated.
Therefore, a driver (vehicles) accepts the suitable
assist and the regenerative braking while receiving the
15 restriction by the power-saving coefficient k because the
rather lose region of the power-saving map (shown in FIG. 4)
( is used when the assist or regeneration by the motor 12 is
performed.
Finally, the cruising condition changes to "urban
20 cruising”. In this "urban cruising”, "continuocus high-speed
rapid acceleration/deceleration " is not performed. Thus, the

pewer—saving coefficient k becomes large (returns to the

initial state). Also, The real battery temperature TB drops
gradually.
25 According to the drive unit 10 for the vehicle, the

cruising of the vehicle can be achieved while keeping the
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up- and- down crui sing". Thereby, the power-saving coefficient 5 k iSISJUNZME
decreased as the high-pressure battery 17 arises. In that occasion,
decreasing of the output conmand value CP is controlled by they;;q;s
control-unit CU In the present enbodinent, the balterdy temmenaiil ¢-Th does
not exceed the upper limt tenperature, for exanple, 45 degi@@z,/08ddbecause
t he power-saving coefficient k can further be decreased even if "Continuous
hi gh-speed rapid accel eration/deceleration” is further repeated.

Thereforg, a driver (vehicles ccepts the suitaple, assist and the
{gener AT EebY Al PR SAA TS b WA AP (HeS MBPPLorITLS Mg hare
power - savi ng coefficient k because the rather | ose region of {he

pover - satFRGSRES LYFo Rt itheFIEUiping LRAHEHPRA- t nEE2si&t9BFVREgener ati on
by the notor 12 is performed. Finally, the cruising condition changes to
"urban 20VER&FIRAgCAN RAGRRE "Wt ki iF ke 2 s ki FrRIARI hFRR- speed

rapi d accel eration/deceleration " is not performed. Thus, the ower - savi ng
coef fi ci BRFEREBAEANEs Hrirkgd q redtalt rist tiehe HRUtPYT t FRTMaR Gt e3lugy ‘5%, ighe real
battery tenperature TB drops gradually. 25 According to the drive unit 10
for the VeRteRetedh®y dha AIaporsahagcepefblie®nbel achi eved whil e keeping
the 33 1 5 JUN 2005 PO0915 verified translation of PCT/JP02/ 08611
battery tenperature TB bel ow the upper limt tenperature irrespective of

the cruising conditions. Thus, a driver
TIME CHART 2

{ Next, the operation of the drive unit 10 for vehicle will

be explained with reference to the time chart of Fig. 8 (see
10 Fié. 6 from Fig. 1 suitably).

Fig. 8 is the time chart showing the battery temperature
depending on whether or not the correction of the output command
value by the power-saving coefficient is carried out.

In this FIG. 8, the battery temperature Tb, the

15 power-saving coefficient k, and speed of vehicle are shown
together with the time, respectively.

( The battery temperature TB indicated by the continuous
line shows the case where the correction of the output command
value by the power-saving coefficient k is carried out. The

20 battery temperature TB indicated by the dashed line shows the
case where the correction of the output command value is not
carried out.

In the time chart shown in FIG. 8, the hybrid wvehicle
described above repeats the cruising of 100 or more km/h from

25 0 Km/h. The threshold temperature defined as 40 degree. The

power—saving coefficient k, which was 100% at initial state,
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(vehicle) can accept the sufficient assistance and the regenerativc?5 JUN 7005
braki ng even if the output command value CP is 5 restricted by the

power -savi ng coefficient K TIME CHART 2 Next, the operation ofygshe drive

unit 10 for vehicle will be explained with refergpegeliorih1Ltim ehart of

Fig. 8 (see 10 Fig. 6 fromFig. 1 suitably). Fig. 8 is pheseommsehart

showi ng the battery tenperature depending on whether or not the correction
of the output command value by the power-saving coefficient is carried

out. Inthis FIG 8, t battery tenperature Th, the 15 power-sayin
coeffici ﬁFoﬁP,esaHEagb@ggYofs“\? et @Erpereéﬁeo‘ﬁfmtrbﬁfgﬁétrew‘? mth t??re,
respectively._ The battery tenperatyre TB indicated b e continupus |ine
shows th@aﬁﬁség—vﬁf’e‘f%“ Fie ft‘{)?ggcth% atﬁte[rﬁetgﬁpﬁﬁtﬂé@#néﬁdexeﬁ?ﬁg Vet he
power -saving coefficient k is carried out. The 20 battery tenperature TB

i ndi cat ei®pPegR&Sdashed |ine shows the case where the correction of the
out put command value is not _carried out. In the tinme, chart SEO in FIG
o]

8, the hybri dAveRfRlRe tRITFHIY HHVENR SRR S SHEWEr dPsFRG - of - 198°0r nore
kmih from 25 0 Kmih. The threshold tenperature defined as 40 degree. The
pover? sathfgorsept crerend Yadiddh I CorRRRERd oY 3l ing St 341 5 JUN
2005 P0O0915 Verified translation of _PCI/JP02/ 08611 becones gradually
smal | er BPWPKc&averdi peaffacéens yrabl, fihe gahnTsr ke HHashebEblerhe
battery tenperature TB exceeds the i
temperature TB becomes gradually small, and then the rise of
{ the temperature is stopped or the temperature is decreased.
Thereby, the battery temperature TB is kept below the upper
10 limit temperature, e.g. 45 degrees.
When the power-saving coefficient k is not made smaller,
in other words, the correction of the output command value CP
is not carried out, the battery temperature TB continuously
arose as shown in the dashed line. Then, the battery
15  temperature TB will exceed the upper limit temperature Ts2, e.g.
45 degree.
( In the drive unit 10 for vehicle, accordingly, the life
of the high-pressure battery 17 can be prolonged as compared
to the conventional battery.
20 In the vehicle adopting the drive unit 10 of the present
embodiment, since the battery temperature TB can be controlled
in low as compared to the conventional, the rather lose
restricted region of the power-saving map (shown in FIG. 4) can
be used. In other words, since the battery temperature is kept

25 at suitable low temperature for operating the high-pressure

battery, the output limit value can be defined from the rather
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40-degree. As can be seen fromthe tine chart showm in FIG 8, when]Sguyﬁ@M
out put command value is corrected by nmaking the power-saving coefficient
small, the rising rate of the battery tenperature TB becones gs@dygl |y
small, and then the rise of the tenperature is sieppesh Qraddigtionperature
is decreased. Thereby, the battery tenperature TB i s keptrireboredshe upper
10 limt tenperature, e.g. 45 degrees. \Wen the power-saving coefficient k
is not nade smaller, in other words, the correction of the output command

not._mad: inoth |  of the o
i ose as ‘SRBenrABhc SR honlS S ¥ hIMEE BN SRR GHMRL Y,

dt limt, t t T1s2, .e.d.., 4 . h i it
10 Tor vanmirte - hakor ARGy S VT (eniF ity RROR praceats BAFEEPb4 1 tan

be prolog%ed s _compared tao the.conventional battery. 20 In the vehicle
adopt i ng 2PRESH AE FRFCFF DR LBt enbodi nent, since the battery

tenperature TB can be controlled in |low as conpared to the conventi onal
the rather lose restricted region of the power-saving map (shown in FIG

g% gﬁ?t a%ﬁﬁ%&ﬁ '@%ﬁtﬁh r vvo][gf,osi nce the battery tenperature is kept 25
perating the high-pressure battery, the

output limt value cap be defined fromthe rather 3%.1 5.JU 20? P00915
Verified tranglnattﬁﬁnagpveP £ FBEPFE6T: OB(}B‘?éltr'eGlsoﬁ 8™ h8 %lBﬁe?-g‘éw ng
ap Whenc%Sasritggifn iéheS ,OL‘!:thpeUtcorrection of the output command value CP
( by the power-saving coefficient k is carried out only when the

requirement of both the battery temperature TB > threshold

1t wvalue Tsl énd the movable current value Iav > permissible

current value Is are fulfilled, in other words, both TB > Tsl

and Tav > Is are fulfilled.

In the present embodiment, however, it is preferable to

initialize the corrected output command value CP when the sharp

15 assist or the large regenerative braking is required. The
necessity of the sharp assist arises, when a driver steps on

( ' the accelerator pedal with strong force, such as in case of
rapid acceleration. The requirement of the large regenerative
braking arises, when a driver steps on the brake pedal with

20 strong force instantanecusly, such as in case of rapid braking.

For this reason, when the sharp change of the output
command value CP is arisen, the control-unit CU should be
controlled along the flow chart shown in FIG. 9.

Fig. 9 is a control flow chart to be performed when

25 scramble assistance or the strong regeneration is required.

Fig. 10 is a map used for setting the minimum output when

36



limt value. Thus, a driver (vehicles) can accept the suitable assist and
regenerative braking. 5 SCRAMBLE ASSI STANCE I n the above described 15§ JUN 2005
enbodi ment, as shown in the flow chart of Fig. 6, the correctiggpeef the
out put command value CP by the power-saving coefifeir€iant tkadssa€ady bed out
only when the requirenment of both the battery tenperaturer/TBo2/ddsneshol d
10 value Tsl and the novable current value lav > perm ssible current val ue
Is are fulfilled, in other words, both TB > Tsl and lav > Is are

fulfill h . _enbodi .
i ﬁi t:hal :egge{ %gt Ee %gfags%tl b pErt coenrﬁat%%ﬁvreéege&é vé?’sl(p ﬁ%?gﬁg#&}%g. assi st

t d. .Th h
2ssi ot alhBosl SR e ﬁeyé{ TR SneOFhE BRbarerata b oAt vh%ﬁoﬁgp
force, such_as in se api d accel eration. The re ui r enent o%the | 'arge
regener aFWéalBrsalE%ﬁ Weﬁ UMY AT B ¢ %mIB‘?%‘ti(eV% dal with

20 strong force instant aneousl y, such as in case of rapid braking. For

this read6RETRYEN t he sharp change of the output command value CP is

ari sen, the control -unit, CU should be congroll e | ong t.he flow chart
show®in FIG T§e ﬁiber@t%%naaﬁoﬁpleoltlf"feov? h&FE2eB a%. S h 25
scranbl e assi stance or the stron nerat' on is, required. Fig. 10 is a
map used<PSrISE Pty I%Yhererﬁerﬁﬁﬁnﬁg e‘% a%‘% ‘55 JUN 2005 P00915

Verified translation of _PCT/JP02/ 08611 the scgarrble assi st Qr th$ strong
regeneration fgrﬁgquppggklng'whether or not the battery temperatu B

( exceeds the threshold temperature Tsl, TB > Tsl, and checking
whether or not the exchanged current value average Lav exceeds
10 the permissible current value Is, Iav > Is. To be more precise,
checking whether or not the requirement for performing the
correction of the output command value CP by the power-saving
coefficient k is fulfilled.
The reason why this checking is carried out is because the
15 scramble assistance is the exceptional case of the correction
of the output command value CP.

When the reguirement of Step S21 is not fulfilled, the

o

processing skips to steps 22 because there is no need of
scramble assist. Thus, the output command value CP without
200 correction is outputted to the control-unit CU.

In Step S22, themultiplication between the output command
value CP and the power-saving cocefficient (k= 1 [100%]) is
carried out, and then the multiplied result is outputted to the
inverter 16.

25 When the requirement of Step S21 is fulfilled, it is

checked whether or not the output command value CP > the

37



The flow chart shown in Fig. 9 corresponds to flow chart, which explains

the operation of the mninumtorque conmand val ue generator. 5 The§ juN 2005
operation at the tine of scranble assist will be carried out bypgsakerring
to FIGS. 9 and 10. First, checking whet her or notverheidsatiarsylat esperat ure

TB exceeds the threshold tenperature Tsl, TB > Tsl, andech&ekinggeinhet her
or not the exchanged current val ue average |av exceeds 10 the perm ssible

current value Is, lav > 1s. To be nore precise, checking whether or not

oy S HEIRAL [ PUREGTOT FRIG ADP W L 2RbIdN (g WIS LD ROTTBAM val ue

CP by the power-savin coeffiCient u e reason why this

Sreo TOskRSHE B LR O SRR TR B S B

t i t St S i t fulfilled, th i i t

(1 L COUEETERL U SLeRBRY | 8ol U LbEedegl Dy, BEOCERSORSHADES! O
COMEN o) o A0 1 514 0 LA ARHASp om0l L

_ prl _ cormand™ val ue CP and
e Ppre Savila OBl (e J8 RSy ok i BRLCEISY, e,
o SL°D. G154 Lo 8 Lk oEhECket uhether an 1ot LR L o gormene
PCT/JPOZE%BE%lpresent time and that of last time.
( When the reguirement of Step 523 is not fulfilled, to be
more precise, when the change amount of the output command value
10 CP is below the thréshold value, since the scramble assist is
not required, the processing steps to Step 24.
In step 24, the correction of the output command value CP
by the power-saving coefficient k is carried out, and then
corrected output command value CP is outputted to the inverter
15 16. Here, the output command is indicated as {=k x CP or =k
®x CP x 1.1).
(' When the requirement of Step S23 is fulfilled, to be more
precise, the change amount of the output command value CP exceed
the threshold value, making the command value corrector 67
20 shown in FIG. 3 into the stopping condition. Then, the value,
which is the output limit value obtained from the map (indicated
by the bold line) of FIG. 10, is defined as the output command
value CP.
Thereby, the output command value CP settled by the lower

25 output limit setting map is outputted to the inverter 16 when

the corrected output command value CP becomes small.
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t hreshol d value. In other words, checking whether or not the requirenent
for performng the scranble assist is fulfilled because the scr ambba/UN 2003
assist is carried out for responding to the nonentary change of,t.he. out put
command value CP. 5 The anmount of change of the oytput; gopand, val de: CP is
obtained fromthe difference between the output conmand v H8pgsiRsely
present tine and that of last tinme. Wen the requirenent of Step S23 is not
fulfilled, to be nore precise, when the change anmount of the output

command val ue ,1 .Ls.belpw the threshol d value, since the scranble
assist is notA?gagE}Eg}ythghﬁﬁg%%%gﬁﬁgQﬂﬁﬁﬁ$§éﬁ%&ﬁﬁgiﬂ? Fﬁ RRZPA AN the
correction of the output commnd val ue. . by the power-saving coefficient
k is car rﬁ[‘}éed O&EF{“ta‘ﬁaR‘f“ﬁélﬁ vebts & t'e‘ﬂhbgﬁpﬁ %Eéﬁﬁﬁﬁob%?‘aéj PsL VR Put t ed
to the inverte ]}5.%5. Her.e, the output command is indicated as (=k x CP or
=k x OP M4PUY LK Seird PEqURPendit Obhe st wprdps the malkeir {2 stid e nore
preci se, the change. anmount of the output conmand val ue CP exceed the

t hr eshol d*R&aSd ,lﬁgf‘a&inﬁs%% WSRERI2GEALRV ERY F sy vad uenslin WG G 3
into the stoppi.ng condition. Then, the value, which is the output Iimt
val ue *obt =¥ f&d Jf"r%gﬁﬁédn% thedrusredutBY tr hignbbis@ il Map whep the s
defined as the output command value CP. Thereby, the output command val ue
CP sett| éPTREFHED | DWEPUL 25OBREPRAR ELPRi ¥2dBet LRy iFngmed 16t fltred it t he

inverter 16 when the corrected output command val ue CP becones small. 38 1
5 JUN 2005°W$00biBi et f £BE YRBnsl ation of

{ This replacement is also carried out in the case of strong

regeneration. Thus, the minimum-required regenerative braking

1 can be given to a hybrid vehicle.

ANOTHER SETUP MANNER OF PERMISSIBLE CURRENT VALUE
Another example of the setup manner of a permissible
current value will be explained.
15 In the above-described embodiment, the permissible
current value Is is assigned by referring to the Map shown in

FIG. 5 based on the temperature difference. In this case, the

.

temperature difference AT between the upper limit temperature
Ts2 and the battery temperature TB imputed from permissible

20 current value assigner 63 is used. The setting manner of the
permissible current value Is is not restricted to this, the
setting manner in which the permissible current value IS is
obtained by computing based on the formula (1) and formula (2),
which are indicated as below, may be acceptable.

25 The setting manner based on the formula (1) will be

explained as below.

39



PCT/ JP02/ 08611 Accordingly, the notor 12 assists the engine 11 based on

t he out put command val ue CP, which is defined based on the |ower dug pul 2005
limt setting Map. In other words, the notor 12 assists the engj 11
using the replaced output comand val ue CP, whichyg ii:s.4&fLned Phased on the
| ower output limt setting Map when the corrected out putpc¢PRENeAE 110N
value CP is smaller than the lower limt in the Map. This replacenent is
also carried out in the case of strong regeneration. Thus, the

m ni numrequi red regenerative braking 10 can be given to a hybrid vehicle.
ANOTHER SETUP MANNER OF PERM SSI BLE CURRENT VALUE Anot her exanpl e of the
setup manner of a permssible current value will be explained. 15 In the

above-descri bed enbodi nent, the per rg-sst rrent value |Is is assigned
by referring Wnﬁﬁgbmﬁﬁmé@)_}@@?ﬁﬁ@on the(ygnperature
difference. In this case, the tenperaturdR difference AT between the upper
limt tenperature Ts2 and the battery tenperature TB inputed from

perm ssible 20 current value assigner 63 is used. The setting nmanner of the
perm ssible current value Is is not restricted to this, the setting manner
in which the pgéfrilsst bfermel? el varbe v&lng debearaddbyytBenpatitfgYbased
on the formula (1) and fornmula (2) which are indicated as bel ow, may be
accept abltEnPEF S & SeNSRF FeifhBf el dhenbPe ke FHianRe (abusg TB.-pdhe

expl ained as below. 39 1 5 JUN 2005 P00915 Verified translation of
5 cooling coefficient CC varies depending on the ambient

{ conditions of the high-pressure battery 17, or the thermal
characteristics of the high-pressure battery 17. The internal
resistance IR is determined based on the characteristic of the
high-pressure battery 17. The cooling coefficient CC and the

10 internal resistance IR are predetermined value, respectively.

From this formula (1), how much current can bhe passed is
calculated based on the upper limit temperature TsZ of
high-pressure battery 17, the cooling coefficient CC, the
internal resistance IR, and the detected battery temperature

{ 15 TB. The obtained current value is the permissible current value
(Is).

The accurate permissible current value can be computed
according to Formula (1). The certain temperature control of
the high-pressure battery 17 can thus be achieved.

20 Next, another computing manner of the permissible current

value using Formula (2) will be explained.

Ts2 + HtransC x Ccapa (TB - TI)

(2)
IR x Ccapa

Permissible current value (Is) = \/
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PCT/ JP02/ 08611 Perm ssible current value (Is) = (Ts2 - TB) x CI:'f%QUﬂZWS

In this formula (1), the value detected by the battery tenperature”sensor

T is used as the battery tenperature TB. The 5 cooling coefficigO %fc
tery

n
vari es depending on the anbient { conditions of the . Eggi%%esﬁﬂi° %
81508811 tThg

17, or the thermal characteristics of the high-pressdre

internal resistance IR is determ ned based on the characteristic o h

hi gh-pressure battery 17. The cooling coefficient CC and the 10 internal
resistance IR are predeterm ned val ue, respectively. Fromthis formula (1)
, how much current can be passed is calcul ated based on the upper limt
tenperature Ts2 of hjigh-pressure battery 17, the cooling coefficient CC,

the internal Fedtsthhtdamulhd(dhe @ darad S5tk le [ urampdy sadee 15 TB.
The obtai ned current value is the perm ssible current val ue (Lé) The
accur at e PerfARY 18 RaFednenvhhgeUBBAr béiebhptueageratesedTag Eévenul a
(1) The certain tenperature control of the high-pressure battery 17 can
t hus be deiilevRiesDoradiattanst hér tbapbekhgrimthAaBpeshtule BBrnitdsi bl e
current value using Fornula (2) will be explained. ) Permssible current
val ue 3( | eazpred HampE Y& fathtpair THtreqmyd R xhechpah-pTeEsBrEUN 2005
PO0915 Verified translation of PCT/JP02/08611
battery 17 (ingressive temperature}. In this formula (2), the
permissible current value (Is) is computed based on the balance
( between heating and coocling. Here, each of the internal
resistance IR, the heat-transmitting coefficient (HtransC),
10 and the calorific capacity (Ccapa) are predetermined value.
The ingressive temperature (TI} is detected value.
The accurate permissible current value can be computed
from this formula (2).
The present invention can be represented by the various
15 manners and is not restricted +to the above-described
embodiment.
( The drive unit, for example, can be used for an electric
vehicle driven by a motor in addition to a hybrid wvehicle.
In the present embodiment, furthermore, the inverter is
20 provided near the battery disposed at the rear side of the
vehicle. The position of the inverter is not restricted to this
position, another position, for example, near the motor, may
be acceptable.
In the present embodiment, morecver, the timer, which

25 limits the processing time of the scramble assistance, may be

provided for preventing the excess rise of the battery
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Fromthis fornmula (2), the perm ssible current value Is is conputegSQQEqﬂm
-on the upper Ilimt tenperature Ts2 of the high-pressure battery 17; ‘the
battery tenperature TB, the 5 neasured tenperature of the air streaned to
the high-pressure battery 17 (ingressive tenpera ugg%adln t hi s B8Pkl a (2)

, the pernissible current value (Is) is conputed'B oﬁ??%a;ﬁf’g‘l?ﬁ:e
bet ween heating and cooling. Here, each of the internal redr BPA{Haat R, the
heat-transmtting coefficient (HransC), 10 and the calorific capacity

(Ccapa) are predeterm ned value. The ingressive tenperature (Tl) is
detected "a¥¥ESaccurat e perm ssi bl e current val ue can be conputed
fromthis formula (2). The present invention can be represented by the
various 15 manners and is not restricted to the above-descri bed
enbodi ment. The drive unit, for exanple, can be used for an electric
vehicle driven by a notor i ehicle. 1In the present
enbodi ment, furthernore, the inverter is 20 provided near the battery
di sposed at tHe? tBgrpEegenbfinventimghi the. cultirerpoyaliven wiithedoowert er i s
not restricted to this position, another position, for exanple, near the
nmot or 5 méfpr P endrept atecrahiohe psesentrembedi hened norebeer, the tiner,
which 25 limts the processing tinme of the scranble assistance, may be
provi ded BrGdgfraeneGupper ekivelsts émngee of tuthe diattther padleelrys. JINURQ05
PO0915 Verified translation of PCI/JP02/08611
the temperature of the battery is prevented from exceeding the
{ predetermined temperature. Thereby, the performance of the
hybrid vehicle adopting the drive unit according to the present
10 invention can fully be demonstrated irrespective of the battery
temperature.
In the present inventicn, furthermore, the torque command
value can be changed without causing the uncomfortable feelings
to a driver.
15 In the present invention, still furthermore, the required
torque of minimum value can be outputted even if the torque
‘ command value of high value is inputted while the torque command
value is restricted to small. Thus, the assist of engine and
the regenerative braking are achieved in the condition that the
20 adverse affection to the drive or the braking is alleviated.

In the present invention, the computing of the permissible

current value is certainly achieved.
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tenperature. | NDUSTRI AL APPLI CABILITY In the present invention, the current
val ue, which account 5 for the heat generation, is controlled bafgquﬁqmﬁhe
predeterm ned upper |imt tenperature of the battery. Thus, the
tenperature of the battery is prevented from exceeding the predeterm ned
tenperature. Thereby, the performance of the hybrid vehicle adopting the
drive unit according to the present 10 invention can fully be denonstrated
irrespective of the battery tenperature. In the present invention,
furthernore, the torque command value can be changed w t hout causing the
unconfortapheykeelings to a driver. 15 In the present invention, stil

furthernore; e required torque of mninumvalue can be outputted even if
the torque command value of high value is inputted while the torque
command value is restricted to small. Thus, the assist of engine and the

regenerative braking are achieved in the condition that the 20 adverse

af fectionitoat heioei weitorfdmhe beakichg tlsanldeMiizteada genetheopresem

i nvention, the conputing of the perm ssible current value is certainly
achi eved. a42itabed Uby 20051 eCitAliNSchrréndrsuppluid ffrom a ¢oehieheey
utilizes a generator notor activated by an electric current supplied from
a condens@rive advélhicke \aaii clssighdansiheernal GAMUsAioBoRBESEE O engi ne in
driving a vehicle, said drive unit conprising: a tenperature detector which
detects adrénpagasuyehrifle sfiaddcOndEnsepit comprising:

a temperature detector which detects a temperature of
said condenser;

a current value detector which detects the current value
inputted to and outputted from said condenser;

a calculatcr which computes a permissible current value
that can be inputted to and outputted from said condenser,
based on a difference between a temperature of said condenser
and a predetermined upper limit temperature when the
temperature of said condenser exceeds a threshold temperature;

a current value determiner which determines whether or
not said current value inputted to and outputted from said
condenser exceeds said permissible current value; and

a command value corrector which lessens a torque command
value of said generator motor when said current value
determiner determines that said current value inputted to and
outputted from said condenser exceeds said permissible current
value; wherein said command value corrector includes a

coefficient multiplier which multiplies said torque command
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a current val ue detector which detects the current value inputted t ﬂ
outputted from said condenser; a cal cul ator which conputes a pernﬂé%ﬁﬁF@E
current value that can be inputted to and outputted from said condenser,
based on a difference between a tenperature of said condenser and a
predeterm ned upper limt tenperature when the tenperature of said
condenser exceeds a threshold tenperature; a current val ue determ ner which
determ nes whether or not said current value inputted to and outputted
fromsaid condenser exceeds said permssible current value; and a conmmand

val ue cor vagher i%&@@eé B R 91%%1_@0?01%1?6@ b;?/aal %%e@ffi%%leﬁtgﬁﬂer at or
not or when said current val ue eterm ner deternines that said current

val ue i npuiied to give OUulinild ed LLOM 83l6us REIRRSRT vaxeegdsnaai d
perm ssible current value; wherein said command val ue corrector includes a

coeffici emherulihi Phi@rcodi it mahkep1 S&t i ddngiss .command 43 1 5 JUN 2005
val ue inputted to said generator notor by a coefficient in order to give a
limt to said aorgeertothamchdtdnie whdrtl lebsers nssiad d cxapfe icomenhd
multiplier includes: a restriction adder, which | essens said torque conmand
val ue by makirgbgangkoefddicl emtefdiadent | gradedller smpld erpbgdet er m ned
first value for every predetermned first tine when said current val ue

i nput t ed Poedrtieoniped tfirft oralsg dorcendenseredstesadsnesaifd rger hivsi bl e
current value; and a restriction reducer, which nmakes said torque_conmand
val ue gr afftigpl §aidr GEFr e Maduey 18a1atedetrfind ALIPRed fyoy said
predeterm ned second val ue for_ every predeterm ned second tinme when said

current v&PHESPAREHt BELTS HEDREFILEEICEF T value: and

a restriction reducer, which makes said torque command
value gradually larger by making said coefficient larger by a
predetermined second value for every predetermined second time
when said current value inputted to and outputted from said
condenser becomes equal to or below said ?ermissible current

value.

2. A drive unit for a vehicle according to claim 1, further
comprising a minimum torque command value generator which
cutputs a predetermined minimum torgue command value and
disables said command value corrector if a torque value larger
than a predetermined high torgque value is instantaneously
inputted as said torque command value when the temperature of

said condenser exceeds said upper limit temperature.
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condenser becones equal to or bel ow said perm ssible current value. 2. A
drive unit for a vehicle according to claim1, further conprising &5 juN 2005
m ni nrum-t orque command val ue generator which outputs a predeterm ned

m ni nrum t or que conmmand val ue and disables said command val ue corrector if
a torque value larger than a predeterm ned high torque value is

i nstantaneously inputted as said torque conmand val ue when the tenperature
of said condenser exceeds said upper limt tenperature. 44 15 JUN 1005 3.
A drive unit for vehicles according to claim1, wherein said permssible
current val ug js; pbt@iined i Yamhier Byl acdddaingvien chhent enperaieie of said
condenser exceeds said threshold tenperature: and ( 1) Permssible
current vahug pbshissidde cuBPenk CRLLR ishaseiimedT tirdmt Berpuedet By m ned
upper limt tenperature, BT is the tenperature of the condenser, CCis a
cool i ng cqekhi ehe€nNtempeantdurR 0¥ kBLar sahddresirsteaneedsdsaMddehyvesiuslid f or
vehi cl es according to claim3, wherein said permssible current value is
obt ai ned teppetetiida nd, when the tenperature of said condenser exceeds
said threshold tenperature: and (UT~ BT) x CC Perm ssible current val ue
(Is) _}I IR( 1) wherein UT is the predetermined upper linmt tenperature,

BT is the tenperature of the conde is-a cooling coefficient, and
IR is internal resjstance. (UT-BT)x CC (1)
"Permissible current value (Is) = R

wherein UT is the predetermined upper limit temperature, BT is
the temperature of the condenser, CC is a cooling coefficient,

and IR is internal resistance.

4. A drive unit for wvehicles according to claim 3, wherein
said permissible current value is obtained from formula {1),
when the temperature of said condenser exceeds said threshold

temperature: and

[(UT-BT)x CC

\{ = (1)

Permissible current value (Is) =

wherein UT is the predetermined upper limit temperature, BT is
the temperature of the condenser, CC is a cooling coefficient,

and IR is internal resistance.
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45 1 5 JUN 2005 5. Adrive unit for vehicles according to claim1, wherein
said permssible current value is obtained fromfornula (2), wheni§HBN 2005
tenperature of said condenser exceeds said threshold tenperature: and

Perm ssible current value (Is) _ UT + HCx CC (TG- T 1) (2) IRxCC
wherein UT is the predetermined upper limt tenperature, HCis a
heat-transmtting coefficient, TGis a tenperature of the generator notor,
Tl is ingressive tenperature, IRis a internal resistance, and CCis
calorific capacity. 6. A drive unit for vehicles according to claim 3,
wherein sai gl @e{w S§if euricant1¥al dechsa oy ainedafikom, f Qravban(2), when
the tenperature of said condenser exceeds said threshold tenperature: and
UT + HC X684 (g&midsinle Reifensi PhEugUL § st Maldde firbs) forfid)la (BRXCC
wherein UT is the predeterm ned upper limt tenperature, HCis a

heat - tr ansfeht thg canfdt0iand of Teali8 Aohéspanataxceeds thed gbneshdild not or,
Tl is ingressive tenperature, IRis a internal resistance, and CCis
calorificteapacatyredGardd5 JUN 2005 7. A nmethod of controlling a drive
unit for a vehicle that utilizes a generator notor activated by an electric

current supplied froma condenser EﬁJQﬁfygkgxqgﬂquerqu assists an

i nternal combusPeoniseittd neredt valiags)i o - 6a)d et hod
conprising the steps of: .

wherein UT is the predetermined upper limit temperature, HC 1s
a heat-transmitting coefficient, TG is a temperature of the
generator motor, TI is ingressive temperature, IR is a

internal resistance, and CC is calorific capacity.

6. A drive unit for vehicles according to claim 3, wherein
said permissible current value is obtained from formula (2),
when the temperature of said condenser exceeds said threshold

temperature: and

UT+HCxCC(TG-TI) (2)
IR x CC

Permissible current value (Is) = \/

wherein UT is the predetermined upper limit temperature, HC is
a heat-transmitting coefficient, TG is a temperature of the
generator motor, TI is ingressive temperature, IR is a

internal resistance, and CC is calorific capacity.
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detecting a tenperature of said condenser; detecting a current vq
inputted to and outputted from said condenser; conputing a perniggﬁging
current value that can be inputted to and outputted from said condenser
based on a difference between a tenperature of said condenser and a
predeterm ned upper limt tenperature when the tenperature of said
condenser exceeds a threshold tenperature; determ ning whether or not said
current value inputted to and outputted from said condenser exceeds said
perm ssible current value; and | essening a torque conmmand val ue of said

gener at or ;MOROK e WHGN,F AL ShGHINGRG Yakikiey el Aer Jdekalmhaegyihat said

current value 1nputted to and outputted from sai d condenser exceeds said

perm ssi bh@ ;6YrEENL Yahdest MGRIR adtdvated W dfsiebirdcachoraye comand
val ue of said generator notor has a step of nultiplying said torque

comand vaupp1iBaUEIeH 4 O-Gaidh@enebaliolvand Ofeti12 ap@ehbkekestann order
togive alimt to said torque command 47 1 5 JUN 2005 value, and wherein

said step g UL RLYLOG. [T ther, COMRLLSEs L0%SARS af v Lessent 0g; pai d
t orque conirand val Gé by maKing sdid CcoeffiCient gr duaIFy simal l'er by a

predeternh%@gogiEgﬂ?ygé#gé)gﬁg fLakypredetermned first tine when said
i ted t

current value "inp and outputted from said condenser exceeds said

perm ssi bl e cuyeeatrYabug: « RSk ARKIFA0 c2akd; § OFSiMearprand val ue gradual Iy
e !

| arger by rmaking said coefficient |arger by a predeterm ned second val ue

detecting a current value inputted to and outputted from
said condenser;

computing a permissible current wvalue that can be
inputted to and outputted from said condenser based on a
difference between a temperature of said condenser and a
predetermined upper limit temperature when the temperature of
said condenser exceeds a threshold temperature;

determining whether or not said current wvalue inputted to
and outputted from said condenser exceeds said permissible
current value; and

lessening a torgue command value of said generator motor
when said current value determiner determines that said
current value inputted to and outputted from said condenser
exceeds said permissible current value;

wherein said step of lessening a torque command value of
said generator motor has a step of multiplying said torque
command value inputted to said generator motor by a

coefficient in order to give a limit to said torque command

47




for every predeterm ned second tine when said current value inputted to
and outputted form said condenser becones equal to or below said

perm ssible current value. 8. A nethod of controlling a drive uri% J4N7l0%
vehicle according to claim7, further conprising a step of outputting a
predeterm ned m ni numtorque conmand val ue and disabling said command

val ue corrector if a torque value |arger than a predeterm ned high torque
value is instantaneously inputted as said torque conmand val ue when the
tenperature of said condenser exceeds said upper limt tenperature. 48

value, and wherein said step of multiplying further comprises
the steps of:

lessening said torque command value by making said
coefficient gradually smaller by a predetermined first value
for every predetermined first time when said current value
inputted to and outputted from said condenser exceeds said
permissible current value; and

making said torgue command value gradually larger by
making said coefficient larger by a predetermined second value
for every predetermined second time when said current wvalue
inputted to and outputted form said condenser becomes equal to

or below said permissible current value.

8. A method of controlling a drive unit for a vehicle
according to claim 7, further comprising a step of

outputting a predetermined minimum torgue command value
and disabling said command value corrector if a torgue value
larger than a predetermined high torgque value is
instantaneously inputted as said torque command value when the
temperature of said condenser exceeds said upper limit

temperature.
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