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(54) Titre: VEHICULE AUTOMOBILE A MOTORISATION HYBRIDE

1100

Décision de
démarrage ou darrét
du moteur thermique

1200
Détermination du couple
du moteur électrique Ce_ref
et de la consigne de couple
du moteur thermique
Ct_ref

1100...DECISION TO START OR TO STOP HEAT ENGINE
1200...DETERMINATION OF THE ELECTRIC ENGINE TORQUE Ce-ref AND
SET POINT OF HEAT ENGINE TORQUE Ct-ref

(57) Abstract

The invention concerns a motor vehicle with dual engine system comprising an electric engine and a heat engine, wherein a central
management unit executes a first task (1200) including the determination of a torque which each engine must provide to supply an engine
torque in conformity with the torque requested by the driver, and wherein the heat engine can be stopped. The invention is characterised, at
least for some operating modes, the central unit executes a second task (1100) during which the decision to stop or to start the heat engine
is taken, and the first and second tasks are executed in parallel, the exccution frequency of the second task being less frequently operated

than the first.
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(57) Abrégé

L’invention propose un véhicule automobile & motorisation hybride comportant un moteur €lectrique et un moteur thgnniquq. du type
dans lequel une unité centrale de gestion exécute une premire tiche (1200) comportant la détermination du couple que doit foumlr_chaque
moteur pour fournir un couple moteur conforme 2 un couple demandé par le conducteur, et du type dans lequel le moteur thcrmnqug, est
susceptible d’étre armété, caractérisé en ce que, au moins pour certains modes de fonctionnement, 1'unité centrale exécute une deuxiéme
tche (1100) au cours de laquelle est décidé 1'arrét ou le démarrage du moteur thermique, et €n ce que la premitre et la deuxieéme tiche
sont exécutées en parallele, la fréquence d’exécution de la deuxidme tiche étant inférieure A celle de la premidre téiche.
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Véhicule automobile a motorisation hybride
L'invention concerne un véhicule automobile a
motorisation hybride comportant des moyens perfectionnés de
gestion de I'énergie.

5 L’'invention concerne plus particuliérement un véhicule
automobile a motorisation hybride, du type dans lequel un
ensemble motopropulseur comporte un moteur électrique et un
moteur thermique qui sont susceptibles de contribuer a
I'entrainement du véhicule, et du type dans lequel une unité

10 centrale de gestion exécute une premiére tache comportant la
détermination du couple que doit fournir chaque moteur pour
que l'ensemble motopropulseur fournisse au véhicule un
couple moteur conforme a un couple demandé par le
conducteur du véhicule, et du type dans lequel le moteur

15 thermique est susceptible d'étre arrété, le véhicule étant alors
entrainé par le seul moteur électrique alimenté en courant
électrique par une batterie d'accumulateurs.

Dans la recherche de véhicules moins polluants que les
véhicules automobiles ne comportant qu’'un unique moteur

20 thermique, les véhicules a motorisation hybride se présentent
comme une alternative particuliérement intéressante aux
véhicules strictement électrique.

En effet, ces derniers présentent l'avantage de
n'émettre par eux-mémes aucune substance toxique tout en

25 étant a la fois parficuliérement silencieux et économiques a
l'usage. Cependant, les véhicules électriques ne tirent leur
énergie que des seules batteries d’accumulateurs qu'ils
embarquent avec eux. Or, étant données les faibles
performances des batteries d’accumulateurs actuellement

30 connues, du moins celles susceptibies d'étre utilisées a un
cout raisonnable dans un véhicule automobile, les véhicules
électriques ne peuvent emmagasiner gqu'une quantité d'énergie

relativement faible, en dépit d’'une masse conséquente, ce wi
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leur confére a la fois une faible autonomie et de faibles
performances.

Aussi, la solution d'une motorisation hybride comportant
un moteur thermique susceptible de participer a I'entrainement
du véhicule permet de réaliser des véhicules présentant des
performances et une autonomie bien plus élevée, satisfaisante
pour un usage normal du véhicule.

Il existe deux types ;lvrincipaux de véhicules hybrides.
les vehicules seul le moteur

Dans hybrides série,

électrique est susceptible |d'entrainer directement les roues
motrices du véhicule, éventuellement au travers d'une boite de
vitesses, d'un différentiel jet/ou d'un embrayage. Le moteur
électrique tire son énergje d'une- batterie d’accumulateurs
rechargée d'une génératrice électrique qui est entrainée par le
moteur thermique.
le moteur

Dans un tel de véhicule hybride,

type
électrique est donc toujours en fonctionnement et le moteur
thermique peut soit étre arrété, le véhicule fonctionnant alors

en mode électrique pur, soit étre mis en marche de maniére

que la génératrice produis
le moteur électrique et/ou d

Dans un véhicule hy,

e recharger les batteries.

bride parallele, le moteur thermique

et le moteur électrique son

t tous les deux reliés, généralement

par un systéme de boite de vitesses a deux entrées, aux roues

motrices du veéhicule. Généralement, un embrayage est

interposé entre chaqué moteur et les roues motrices pour
permettre le désaccouplement du moteur lorsque celui-ci n'est
pas utilisé pour I'entrainement. Les véhicules automobiles de
type hybride paralliéle peuvent donc étre entrainés soit a I'aide

du seul moteur électrique, soit a l'aide du seul moteur

thermique, ou encore| a I'‘aide des deux moteurs

simultanément. Par ailleuss, dans certaines configurations, il

PCT/FR98/02403

e de l'électricité en vue d'alimenter
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est possible d'utiliser le moteur électrique pour assurer le
démarrage du moteur thermique et le moteur électrique peut
aussi étre « inversé » de telle sorte que, le moteur thermique
entrainant en rpt’ationlle moteur électrique, éventuellement en
méme temps qu'il entraine en rotation les roues motrices du
véhicule, assure le rechargement des batteries.

il est a noter qu'il existe une variante de réalisation des
véhicules hybrides en paraliéle dans lesquels chacun des deux
moteurs thermique et élecfrique est accouplé non pas a un
méme essieu, mais a des essieux différents.

Quel que soit le type de véhicule hybride envisagé, il
est donc nécessaire de gér?r le plus efficacement possible la
commande de chacun des moteurs thermique et électrique
pour assurer I'entrainement du véhicule selon les desiderata
du conducteur qui détermine a chaque instant le couple moteur
nécessaire a l'avancement du véhicule pour assurer
I'accélération ou la décélération du véhicule, ou le maintien du
véhicule a une vitesse stabilisée.

Notamment, le choix de ['utilisation ou non du moteur
thermique est particulierement crucial car il permet de
déterminer l'autonomie du véhicule, ses performances, tout
cela dans la mesure ou la mise en route du moteur thermique
est effectivement possible, ce qui peut par exemple étre
interdit dans certaines zones au trafic particulierement dense
ou a certaines périodes pour limiter la pollution.

Par ailleurs, il est nécessaire que les transferts de
répartition de la puissance fournie par chacun des moteurs se
fassent de maniére « transparente » pour le conducteur,
c'est-a-dire en ne produisant qu'un minimum de perturbations
et d'a-coups.

Aussi, l'invention propose un véhicule automobile du

type décrit précédemment, caractérisé en ce que, au moins
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pour certains modes de fonctionnement de I'ensemble
motopropulseur, l'unité centrale exécute une deuxiéme tache
au cours de laquelle est décidé l'arrét ou le démarrage du
moteur thermique, en ce que la premiére tache et la deuxieme

5 tache sont exécutées en parallele, et en ce que la fréquence
d'exécution de la deuxiéme tache est inférieure a celle de la
premiére tache.

Selon d'autres caractéristiques de l'invention :

- le conducteur peut imposer a 'ensemble

10 motopropulseur un mode de fonctionnement électrique dans
lequel le moteur thermique est arrété ;

- le conducteur peut imposer a I'ensemble
motopropuliseur un mode de fonctionnement de régénération
dans lequel le moteur thermique est utilisé notamment pour

15 assurer le rechargement de la batterie ;

- le conducteur peut imposer a I'ensemble
motopropulseur un mode de fonctionnement hybride dans
lequel l'unité centrale exécute la deuxiéme tache au cours de
laquelle est décidé I'arrét ou le démarrage du moteur

20 thermique ;

- la décision d'arrét ou de démarrage du moteur
thermique est prise notamment en fonction d'un niveau de
charge de la batterie ;

- le ~démarrage du moteur thermique est décidé ou

25 confirmé lorsque le niveau de charge de la batterie est
inférieur a un niveau. de seuil bas, et en ce que l'arrét du
moteur thermique est susceptible d'étre décidé ou d'étre
confirmé lorsque le niveau de charge de la batterie est
" supérieur a un niveau de seuil haut ;

30 - la décision d'arrét ou de démarrage du moteur
thermique est prise notamment. en fonction du couple

instantanée demandé par le conducteur ;

BMW1012
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- la décision d'arrét ou de démarrage du moteur
thermique est prise notamment en fonction du couple moyen
demandé par le conducteur pendant un intervalle de temps
prédéterminé précedant de la décision ;-

- le "démarrage du moteur thermique est décidé.ou
confirmé lorsque le couple instantané demandé par le
conducteur est supérieur & un niveau de seuil haut, et en ce
que l'arrét du moteur thermique est susceptible d'étre décide
ou d'étre confirmé lorsque le couple instantané et le couple
moyen demandés par le conducteur sont inférieurs a un niveau
de seuil bas.;

- l'arrét du moteur thermique est décidé ou confirmé
lorsque, a la fois, le niveau de charge de la batterie est
supérieur a un niveau de seuil haut et le couple instantané et
le couple moyen demandeés par le conducteur sont inférieurs a
un niveau de seuil bas ;

- la décision d'arrét ou de démarrage du moteur
thermique est prise notamment en fonction d'un écart entre le
couple demandé par le conducteur et ie couple effectivement
fourni par 'ensemble motopropulseur ; '

- en fonctionnement du "mode de fonctionnement
sélectionné par le conducteur, il est fixé un niveau de consigne
de charge de la batterie ;

- I'ensemble motopropulseur est un ensemble hybride
en seérie dans lequel les .roues motrices du véhicule sont
entrainées exclusivement par le moteur électrique qui.est
alimentée par du courant électrique provenant soit de la
batterie soit d'une génératrice entrainée par le moteur
thermique ;

- il est déterminé la puissance électrique a fournir a la
batterie en fonction d'un écart entre les niveaux réel et de

reférence de la batterie, en tenant compte de valeurs limites

BMW1012
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de puissance de charge et de décharge de la batterie

- le démarrage du moteur thermique est déterminé en
fonction de la puissance électrique a fournir a la batterie, de la
puissance électrique absorbée par le moteur électrique et en
fonction d'un écart entre la valeur du couple demandé par le
conducteur et la valeur du couple fourni par le moteur
électrique ;

- il est déterminé un niveau de consigne de la puissance

fournie par la génératrice en fonction de la puissance réelle

fournie par la génératrice, de ia puissance réelle fournie par la
batterie, et de la puissance a fournir a la batterie, en tenant
compte ia pu.issance maximale susceptible d'étre fournie par la
génératrice ;

- il est déterminé une puissance électrique nécessaire

en fonction du couple moteur demandé par le conducteur, en

. tenant compte, au moins lorsque ce couple est supérieur en

valeur absolue a une valeur minimale, d'un rendement du
moteur électrique ;

- il est déterminé une valeur de consigne du couple
fourni par le moteur électrique en fonction du co’uple moteur
demandé par le conducteur multiplie par, au moins lorsque la
puissance électrique nécessaire est supérieure en valeur

absolue & une valeur de seuil, du rapport de la puissance

¢électrique susceptible d'étre fournie au moteur électrique

divisée par la puissance électrique nécessaire, la puissance
électrique susceptible d'étre fournie au moteur électrique

tenant compte de la puissance électrique nécessaire, de la

‘puissance réelle fournie par la génératrice, de la puissance

susceptible d'étre fournie par la batterie, et de la puissance
maximale susceptible d'étre absorbée par le moteur ;
l'ensemble motopropulseur est un ensemble hybride

en paralléele dans lequel le moteur électrique et le moteur

BMW1012
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thermique entrainent chacun soit au moins une méme roue
motrice soit des roues motrices différentes ;

- I'ensemble motopropulseur fonctionne en mode de
régénération, le moteur électrique ne délivre un couple moteur
que si le conducteur provoque une hausse brutale du couple
demandé ;

- lorsque l'ensemble motopropuiseur fonctionne en
mode de régénération, le moteur thermique est commandé
pour fournir un couple maximal ;

- lorsque I|'ensemble motopropulseur fonctionne en
mode hybride et que le niveau de charge de la batterie est
précédemment devenu inférieur a ur; niveau de seuil bas et n'a
pas encore dépassé un niveau de seuil haut, le i’noteur
thermique est commandé pour fournir un couple de consigne
au moins égal a un couple optimal correspondant a des

conditions de rendement optimales du moteur thermique ;

- lorsque Il'ensemble motopropulseur fonctionne en.

mode hybride et que le couple instantané demandé par le
conducteur est précédemment devenu supérieur a un niveau
de seuil haut sans étre redevenu inférieur a un niveau de seuil
bas en méme temps que le niveau moyen est inférieur au
niveau de seuil bas, le moteur thermique est commandé pour
fournir un couple de consigne au moins égal a une valeur
filtrée du couple demandé par le conducteur ; et

- si une valeur filtrée du couple demandeé par le
conducteur est supérieure au couple maximal du moteur
thermique, le moteur électrique est sollicité pour fournir, dans
la mesure du possible, la quantité de couple manquante.

D'autres caractéristiques et avantages de l'invention
apparaitront a la lecture de la description détaillée qui suit
pour la compréhension de laquelle on se reportera aux dessins

annexés dans lesquels :

BMW1012
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- la figure 1 est une vue schématique illustrant
I'architecture d'un véhicule automobile & motorisation hybride,
de type paraliéle ;

- la figure 2-est une vue similaire a celle de la figure 1
illustrant un véhicule hybride de type série ;

- les figures 3A a 3K sont des organigrammes illustrant

‘une premiére stratégie de gestion d'un véhicule hybride

conforme aux enseignements de linvention, plus particulié-
rement destinée a un véhicule hybride de type paralléle ; et

- les figures 4A a 4H illustrent un organigramme d'une
stratégie de gestion selon. l'invention, plus particulierement
destinée a un véhicule de type hybride en série.

Dans un véhicule a motorisation hybride en paralléle, du
type de celle illustrée a la figure 1, un moteur thermique 10 et
un moteur électrique 12 sont tous les deux susceptibles
d’entrainer directement les roues motricés du véhicule.

Le moteur thermique 10 est généralement un moteu} a
combustion interne du type a pistons alternatifs ou a piston
rotatif ou encore de type turbine. |l est alimenté en énergie
sous forme chimique par un carburant liquide ou gazeux de
type hydrocarbure.

Le moteur électrique 12 est relié électriquement a une

batterie d'accumulateurs 16 porté par le véhicule.'

éventuellement par le biais d'un convertisseur -onduleur.17.
Les deux moteurs 10, 12 .entrainent chacun en rotation un
arbre d'entrée 18, 20 d'un organe de répartition de puissance
22 dont le ou les arbres de sortie 24 entrainent en rotation les
roues motrices. L'organe de distribution de puissance 22 peut
comporter par exemple une boite de vitesses, un différentiel et
on peut choisir d’'interposer entre I'un au moins des moteurs et
I'arbre  d'entrée 18, 20 correspondant, un dispositif

d’embrayage 25 qui permet d’'accoupler ou de désaccoupler a

BMW1012
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volonté le moteur par rapport & l'organe de distribution de
puissance 22. .

Le véhicule ainsi équipé peut donc étre entraineé soit a
I'aide du seul moteur thermique 10, soit a l'aide du seul moteur
électrique 12, soit a l'aide des deux moteurs simuitanément.
Eventuellement, le moteur thermique peut voir sa puissance
répartie entre d'une part I’entrainement des roues motrices 14,
et d'autre part I'entrainement en rotation du moteur électrique
« inversé » qui se transforme alors en une génératrice
électrique susceptible de recharger la batterie d’accumulateurs
16.

De méme, le moteur électrique 12 peut éventuellement
étre utilisé pour démarrer le moteur thermique 10.

Dans le véhicule hybride de type série qui est illustré a
la figure 2, seul le moteur électrique 12 est relié directement
aux roues motrices, éventuellement par le biais d'un organe de
distribution de puissance (non représenté). Le moteur
électrique 12 peut étre alimenté en énergie électrique par la
batterie d’accumulateurs 16 ou par une génératrice électrique
26 qui est entrainée par le moteur électrique 12.

Dans tous les cas, il peut étre prévu des convertisseurs
onduleur 17 et redresseur 19 si le moteur électrique doit étre
alimenté en courant alternatif.

De préférence, pour assurer la gestion de
I'entrainement du véhicule, chacun des éléments principaux du
véhicule est pourvu d'une unité locale de commande, chacune
de ces unités locales étant a son tour commandée par une
unité centrale de gestion qui permet de centraliser a la fois les
informations concernant 'état de chacun des organes, des
informations quant a I'état du véhicule et aussi des
informations quant aux souhaits du conducteur.

L'unité centrale de gestion a notamment pour but de

BMW1012
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commander les deux moteurs 10, 12 de maniere a utiliser au
mieux I'énergie du véhicule qui est stockée soit sous la forme
électrique dans les batteries, soit sous la forme de carburant
de type hydrocarbure. Cette gestion a aussi pour but de

5 répondre a tout moment de la maniére la plus satisfaisante
possible aux souhaits du conducteur quant a I'accélération et a
la décélération du véhicule, ce souhait étant de préférence
représenté par un couple moteur Cdemandé au niveau des
roues motrices.

10 Deux taches principales sont exécutées cycliqguement
par I'unité centrale de gestion, a savoir d'une part la décision
-du démarrage ou de l'arrét du moteur thermique 10 et, d’autre
part, la détermination des consignes du couple ou de la
puissance que doivent fournir le moteur électrique et le moteur

15 thermique pour assurer |'entrainement du véhicule
conformément aux souhaits du conducteur.

Selon l'invention, ces deux taches sont effectuées en
parallele et elles sont exécutées a des fréquences différentes.
Ainsi, la tdche consistant a déterminer les consignes de.

20 couple a fournir par le moteur électrique et le moteur
thermique sera par exemple exécutée toutes les quarante
millisecondes tandis que la tadche de décision du démarrage ou
de I'arrét du moteur thermique sera par exemple effectué
toutes les secondes.

25 En découplant de la.sorte ces deux tdches, on parvient
a obtenir une gestion de la puissance fournie par I'ensemble
motopropulseur constitué par les deux moteurs 10, 12 qui
permet de répondre de maniére quasi instantanée aux
sollicitations du conducteur. De plus, en rendant la décision de

30 démarrage et d'arrét du moteur thermique ir{dépendante de la
gestion instantanée de la puissance, on évite de multiplier ces

phases d'arrét et de démarrage qui sont a la fois des sources
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de pollution accentuées et des sources d'instabilité quant a la
puissance totale fournie par les moteurs qui peut se traduire
par des a-coups ressentis par le conducteur et les passagers
du véhicule. .-

La stratégie de gestion du véhicule hybride selon
I'invention sera plus particulierement décrite ci-aprés selon
deux modes de réalisation dont I‘un. est plus particuliéerement
adapté a un véhicule hybride de type paraliéle illustré a la

figure 1, et dont I'autre est plus particulierement adapté a un

véhicule hybride de type série illustré a la figure 2.

La premiére de ces deux stratégies fait appel a une

série de variables qui sont regroupées et explicitées dans le

tableau ci-dessous.

Noztation Signification Unités

CilacCd Constantes permertant de calculer Cbas et Chaut en fonction de Nm
jauge_banerie

Cbas Seuil de couple inférieur pour la détermination de th_roulage Nm

Cdemandé Couple demandé par le conducteur (positif pour l'accélération, négatif Nm
pour la décélération)

Cdemandé_filtre) Valeur filtrée a temps de réponse rapide de Cdemandeé Nm

Cdemande_filire2 Valeur filtrée & temps de réponse lent de Cdemandé Nm

Ce_ref Consigne de couple du moteur €lectrique Nm
(Positif pour la traction. négatif pour le freinage récupératif)

Cel_freinage_max Couple de freinage récupérauf maximum admissible par ie moteur Nm
électrique (négatif)

Cel_traction_max Couple de traction maximum admissible par le moteur électrique (positif) Nm

Cemax Couple électrique maximum compte tenu de I'état de la batterie et de Nm
mode_selectionne (positif)

Cemin Couple ¢lectrique minimum compte tenu de I'état de la batierie et de Nm

. mode_selectionne (négauf)

Chaut Seuil de couple supéricur pour la détermination de th_roulage Nm

Ct_maximum Couple maximum du moteur thermique. utilisé en mode Régénération Nm

Ct_optimal Couple du moteur thermique correspondant a sa consommation spécifique Nm
minimale -

Ct_ref Consigne de couple du moteur thermique Nm
(Positif pour la traction. négatif pour le frein moteur)

Ct_ref_int Estimation intermédiaire de la valeur de Ci_ref Nm

Ct_ref] Estimation intermédiaire de la valeur de Ct_ref Nm

Cth_freinage _max Couple de frein moteur maximum admissible par le moteur thermique Nm

, (négatif) A

Cth_traction_max Couple de traction maximum admissible par le moteur thermique (positif) Nm

Ctmax Couple électrique maximum compte tenu de mode_selectionne (positif) Nm

Ctmin Couple électrique minimum compte tenu de mode_selectionne (négatif) Nm

D_int Valeur intermédiaire dans le caleui-de Ct_ref Nm

D_sup Valeur intermédiaire dans le calcul de Ct_ref’ Nm

Demande_électrique | Demande de démarrage du moteur électrique Booléen

Demande_thermique | Demande de démarrage du moteur thermique Booléen

Hyst_mode_batterie | Grandeur intermédiaire pour la détermination de th_récupération BMW.
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Hyst_mode_couple [ Grandeur intermédiaire pour la détermination de th_roulage (Electrique. -
Hybride)
jauge_batterie Etat de charge de la batterie de traction %
Kickdown demandé | Demnande de complément d'accélération électrique ( mode Régénération) Booléen
mode_selectionne mode de tonctionnement sélectionné par le conducteur .
(Electrique. Hybride ou Régénération)
N Vitesse de rotation du moteur électrique rad/s
PbatMaxD Puissance maximale de décharge de la batterie de traction (positive) w
PbatmaxR Putssance maximale de recharge de la batierie de traction (négative) W
Re_inf Valeur intermédiaire dans le calcul de Ct_ref (Cf. schéma ci-dessous) Nm
Re_sup Valeur intermédiaire dans le calcul de Ct_ref (Cf. schéma ci-dessous) Nm
Rt_inf Valeur intermédiaire dans le calcul de Ct_ref (Cf. schéma ci-dessous) Nm
Rt_sup Valeur intermédiaire dans le calcul de Ct_ref (Cf. schéma ci-dessous) Nm
seuil_jauge_bas Seuil bas de jauge batterie pour la détermination de th_récupération Yo
seuil_jauge haut Seuil Faut de jauge batterie pour ia détermination de th_récupération %
th_récupération Détermine si le moteur thermique contribue a recharger la banerie Booléen
th_régénération Détermine si le moteur thermique contribue a recharger fortement la Booléen
batterie
th_roulage Détermine si le moteur thermique contribue 3 assurer le roulage Booléen
Sur la figure 3A, on a illustré les deux téaches

principales qui sont exécutées en paralléle I'une par rapport a

Y

l'autre, a des fréquences différentes. Bien entendu, Iles
5 ‘fréquences de 1 hertz et de 25 hertz données ici pour d'une
part la tache 1100 de décision de mise en route et d’arrét du
moteur thermique, et d'autre part la tdche 1200 détermination
des consignes de couple des moteurs 10,12 sont des exemples
non limitatifs qui permettent d’illustrer le choix selon lequel la
10 seconde de ces fréquences est largement supérieure a la
premiére.
Chacune des taches 1100 et 1200

figures est décomposée en des taches de niveau inférieur qui

illustrées sur ces

seront explicitées en référence aux figures 3B a 3K.

15 L'etape 1100 de decision de démarrage ou d'arrét du
moteur thermique est explicitée sur la figﬁre 3B. Tout d’abord,
aux étapes 1101 et 1102, il est calculé deux valeurs filtrées du
couple Cdemandé demandé par le conducteur. Les filtres
utilisés sont par exemple des filtres du premier ordre, de type

20 passe-bas. La premiére valeur Cdemandé_filtre1 correspond a
une moyenne de Cdemandé sur un intervalle trés court |

précédant l'instant du caicul et reste représentative de la
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valeur instantanée Cdemandé. Au contraire, la valeur

Cdemandé_filtre2 correspond a une valeur moyenne écrétée

de Cdemandé et elle est donc représentative d'une tendance &

moyen terme .de la demande de . couple formulée par le
5 conducteur.

Une fois ces deux valeurs calculées, sont exécutées
trois taches de niveau inférieur au cours desquelles sont
déterminées des variables booléennes intermédiaires
th_roulage (tdche 1110), th_récupération (tadche 1120),

10 th_régénération, demande_électrique et demande_thermique
(tache 1130).

Ces taches de niveau inférieur seront explicitées par la
suite.

Une fois ces valeurs déterr_ninées, il est effectué a

15 1'étape 1103 un test pour vérifier si le moteur thermique_10 est
disponible, c'est-a-dire s'il est en état de délivrer un couple
moteur. Dans [!'affirmative, les variables booléennes qui
viennent d'étre calculées sont conservées telles que, sinon,
comme on peut le voir a I'étape 1104, les valeurs booiéennes

20 th_roulage, th_régénération et th_récupération sont forcées a
zéro.

La tache 1110 de détermination de la valeur de la
variable booléenne th_roulage est décrite maintenant en
reférence a la figure 3C. A I'étape 1111, il est tout d'abord

25 calculé deux niveaux de seuil Cbas et Chaut auxquels vont
étre comparées les valeurs filtrées du couple demandé. Ces
valeurs de seuil sont notamment déterminées en fonction de
I'état de charge jauge_batterie de la batterie 16.

A I'étape 1112, on vérifie tout d'abord si la valeur filtrée

30 Cdemandé_filtre1l, représentative du couple instantané
demandé par le conducteur, est supérieure au niveau de seuil

supérieur Chaut. Dans |'affirmative, une variable booléenne
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intermédiaire hyst_mode_couple est forcée a la valeur
« hybride » a I'étape 1113. Dans la négative, a 'etape 1114,
on verifie si les deux valeurs filtrées du couple demandé
Cdemandé_filtre1 et Cdemandé_filtre2 sont inférieures
5 simultanément au niveau inférieur de couple Cbas. Dans
I'affirmative, la valeur booléenne hyst_mode_couple est forcée
a I'étape 1115 a la valeur « électrique ». Dans la négative, la
variable booléenne hyst_mode_couple n'est pas modifiée.
A I'étape 1116, on verifie alors si la variable booléenne
10 hyst_mode_couple est égale & la valeur « hybride ». Dans
I'affirmative, la valeur booléenne th_roulage est forcée a 1 a
’étape 1118. Dans la négative, la valeur booléenne th_roulage
est forcée a zéro a I'étape 1117.
La tache 1120 de détermination de la valeur de la

variable booléenne th_récupération sera maintenant décrite en

th

référence a la figure 3D. A I'étape 1121, il est tout d’abord

verifié si I'état de charge de la batterie 16, représentee par la

variable jauge_batterie, est inférieur a un niveau de seuil

inférieur seuil_jauge_bas. Dans laffirmative, une variable

20 booléenne hyst_mode_batterie est forcée a Ila valeur

« hybride » a I'étape 1122. Dans la négative, on vérifie a

I'etape 1123 si la valeur jauge_batterie est supérieure & un

niveau de seuil supérieur seuil_jauge_haut. Dans l'affirmative,

ia variable booléenne hyst_mode_batterie est forcée a la

2s valeur « electrique » a l'etape 1124. Dans la negative, la

variable hyst_mode_batterie conserve la méme valeur qu’au
cours de I'exécution précédente de la tache.

A l'étape 1125, il est verifié si la variable

hyst_mode_batterie est égale a la valeur « hybride ». Dans

30 l'affirmative, la valeur th_récupération est forcée a la valeur 1

a I'.étape 1127. Dans la négative, cette variable est forcée a la

valeur nulle a I'étape 1126.

BMW1012
Page 731 of 1654



10

B}

WO 99724280 15 PCT/FR98/02403

La tache 1130 est décrite en référence a la figure 3E.
Cette tache a pour but de déterminer la valeur des variables
booléennes th_régénération, demande_électrique et
demande_thermique.

Selon un aépect de l'invention, la stratégie de gestion
de I'ensemble motopropulseur du véhicule hybride qui est ici
proposée permet au conducteur de sélectionner un parmi trois
modes de fonctionnement de I'’ensemble motopropulseur.

Dans un mode électrique, le conducteur interdit
'utilisation du moteur thermique. Les variables booléennes
hyst_mode_couple et hyst_mode_batterie sont forcées a la
variable « électrique », la variable demande_électrique est
forcée a la valeur « vrai », la variable demande_thermique -est
forcée a la valeur « faux » et la variéble th_régeénération est
forcée a la valeur « 0 ».

Le conducteur peut aussi sélectionner un mode de
fonctionnement en régénération de I'ensemble motopropulseur.
Ce mode de fonctionnement impose a I'ensemble
motopropulseur la mise en route du moteur thermique pour
assurer, en plus de I'entrainement du véhicule, la recharge de
la batterie 16. Les variables booléennes hyst_mode_couple et
hyst_mode_batterie sont dans ce cas forcées a la valeur
« hybride ». Les variables booléennes. demande_électrique et
demande_thermique sont forcées a la valeur « vrai » tandis
que la variable th_régénération est forcée a la valeur « 1 ».

Le conducteur peut aussi sélectionner un mode de
fonctionnement hybride de I'ensemble motopropulseur. Dans
ce mode de fonctionnement, le moteur thermique 10 ne sera
utilisé qu'en cas de besoin, ainsi que cela sera vu par ia suite.

Dans ce mode, la variable demande_électrique est
forcée a la valeur « vrai ». La variable demande_thermique est

forcée a la valeur « vrai » si 'une ou I'autre des variables
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hyst_mode_batterie et hyst_mode_couple sont egales a la
valeur « hybride ». Sinon, la variable demande_thermique est
forcée a la valeur « faux ». La variable th_régénération est
forcée a la valeur « 0 ».

5 Il va mai.ntenant étre décrit, en référence aux figures 3F
a 3K, la deuxiéme tache principale 1200 de cette premiéere
stratégie de gestion d'un veéhicule hybride, cette deuxiéme
tache étant exécutée a une fréquence suffisamment rapide
pour pouvoir satisfaire la demande du conducteur.

10 Cette deuxiéme tache 1200, qui consiste en la
détermination des couples de consigne Ce_ref et Ct_ref du
moteur électrique et du moteur thermique, comporte elle-méme
deux taches de niveau inférieur 1210 et 1220 qui seront
explicitées respectivement aux figures 3G a 3H et 3| a 3K.

15 Comme on peut le voir a la figure 3G, la tache 1210 a
pour but la détermination de coupnles moteur limite pour le
moteur électrique et le moteur thermique. A I'étape 1211, il est
tout d’abord vérifié si le moteur thermique est disponible. Dans
I'affirmative, des variables de couple limite Ctmax et Ctmin du

20 moteur thermique se voient attribuer respectivement les
valeurs Cth_traction_max et Cth_freinage_max qui sont liées
notamment au régime et a la température du moteur utilise.
Dans la négative, les valeurs de Ctmax et Ctmin sont forcées a
zero a l'étape 1213. _

25 A l'étape 1214, il _est ensuite vérifié si le moteur
électrique est disponible. Dans la négative, les variables
Cemax et Cemin sont forcées a zéro a 'étape 1217.

.Dans I'affirmative, la variable Cemin se voit attribuée a
I'’étape 1215 la plus grande de deux valeurs parmi :
30 - une valeur Cel_freinage_max, qui dépend notamment

de la tension d'alimentation et de la température du moteur ;
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_ PbatmaxR X —.
N

La valeur du couple maximum du moteur électrique est
déterminée a Iq_téche 1216 qui est décomposée sur la figure
3H. En effet, i"l est tout d'abord testé a I'étape 1216a si la

s variable th_régénération est égale a 1, c'est-a-dire si le
conducteur a sélectionné le mode de fonctionnement en
régénération de I'’ensemble motopropulseur. Dans l'affirmative,
on peut voir que la valeur de Cemax est forcée a zéro a I'étape
1216¢, sauf si le conducteur, comme cela est vérifié a I'étape

10 1216b, effectue une manoeuvre de kickdown par laquelle il
augmente de maniére inﬁportante et rapide le couple demandé.
Cette manoeuvre correspond généralement a un enfoncement
rapide de la pédale d’accélérateur.

Dans ce cas, ou en cas de reponse négative au test de

15 I'étape 1216a, la valeur Cemax est fixée a I'étape 1216d a la

plus petite des valeurs :
- PbatmaxD x L
N

- Cel_traction_max. )
La tadche 1220 de calcul des consignes de couple
20 Ce_ref et Ct_ref illustrée a la figure 31 comporte deux sous-
taches 1221 et 1222 qui seront décrites respectivement en
regard des figures 3J et 3K. La sous-tache 1221 consiste en le
calcul d'une valeur intermédiaire Ct_ref_int. Pour cela, il est
d’abord déterminé, a I'étape 1221a, une valeur Ct_refi qui est
25 égale a la plus grande de trois valeurs :
- th_roulage x Cdemandé
- th_régénération x Ct_maximum
- th_récupération x Ct_op,tirhal;
A I'étape 1221c, cette variable Ct_ref1 est filtrée par un
30 filtre du premier ordre de type passe-bas pour doﬁner la

variable intermédiaire Ct_ref_int. BMW1012
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L'étape 1222 d'ajustement de Ce_ref et de Ct_ref sera
maintenant décrite en regard de la figure 3K. A I'étape 12223,
on fixe tout d'abord la valeur de Ct_ref a la valeur Ct_ref_int
déterminée plus haut. Puis, a I'étape 1222b, il est vérifié si
cette valeur est‘ supérieure a la valeur Ctmax. Dans
I'affirmative, a l'étape 1222c, Ct_ref est forcée a la valeur
Ctmax et Rt_sup est forcée a la valeur nulle. Dans la négative,
a l'étape 1222d, la valeur de Rt_sup est fixée a la différence
de Ctmax-Ct_ref.

Dans les deux cas de réponse a l'étape 1222b, il est
ensuite vérifié a I'étape 1222e si la valeur de Ct_ref est
inférieure a la valeur de Ctmin. Dans [l'affirmative, a I'étape
1222f, Ct_ref est forcée a la valeur Ctmin et Rt_inf est forcée a
zéro. Dans la négative, Rt_inf est fixée égale a la différence
entre Ct_ref et Ctmin a I'étape 1222g.

Dans les deux cas de réponse a |'étape 1222e, Ct_ref
est alors forcée a la valeur Cdem-Ct_ref, Re_sup est forcée a
la valeur Cemax-Ce_ref et la variable Re_inf est forcée a la
valeur Ce_ref-Cemin a I'étape 1222h.

Ensuite a l'etape 1222i, il est vérifié si la valeur de
Re_sup est négative. Dans la négative, il est procédé
directement au passage 12220. Dans l'affirmative, a I'étape
1222j, la variable D_sup est fixée a la valeur Rt_sup+Re_sup,
la variable Ce_ref est fixée a la valeur Cemax, la valeur
Re_sup est fixée a zéro et la variable Re_inf est fixée a la
valeur de la différence e{ntre‘ Cemax et Cemin. Alors, a I'étépe
1222k, on vérifie si la valeur D_sup est négative. Dans
I'affirmative, a I'étape 1222!, la variable Ct_ref est fixée a la
valeur Ct_max et la variable Rt_sup est fixée a zéro ; sinon, a
I'étape 1222m, la variable Ct_ref est fixée a la valeur Ctmax-
D_sup et la variable Rt_sup est fixée a la valeur D_sup.

Dans les deux cas de réponse a l'étape 1222k, ainsi
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que dans le cas d'une réponse négative au test de l'étape
1222‘i, il est alors vérifié a I'étape 12220 si la variable Re_inf
est négative. Dans l'affirmative, a I'étape 1222p, la variable
D_inf est fixée a la valeur Rt_inf+Re_inf, la variable Ce_ref est
fixée égale a 'la valeur Cemin, la variable Re_sup est fixée
égale a la différence de Cemax moins Cemin et la variable
Re_inf est fixée a la valeur nulie. -

Alors, a I'étape 1222q, il est vérifié si la variable D_inf
est négative. Dans I'affirmative, a I'étape 1222s, la variable
Ct_ref est fixée égale a la valeur Ctmin et la variable Rt_inf est
fixée a la valeur nulie. Dans la négative, la variable Ct_ref est
fixée égale a la valeur Ctmin+D_inf et la variable Rt_inf est
fixée égale a la valeur D_inf.

Dans la négative, il est procédé directement a la fin de
la tache.

Comme on peut le voir de la description détaillée de
cette premiére stratégie de gestion du véhicule hybride,
lorsque le conducteur a sélectionné Ile mode de
fonctionnement hybride pour l'ensemble motopropulseur, le
démarrage du moteur thermique est demandé, lors de la tache
1130, si l'une des variables hyst _mode_ batterie et
hyst_mode_couple est égale a la valeur « hybride ». Si ni
'une, ni l'autre ne sont a la valeur hybride, le moteur
thermique est arrété. .

Ainsi, on peut déduire de I'étape 1213 que le moteur
thermique peut démarrer si le conducteur sollicite un couple
demandé a la roue suffisamment élevé pour que la variable
Cdemandé_filtre1 soit supérieure -au niveau du seuil haut
Chaut. De méme, on peut déduire des étapes 1122 et 1121
que le moteur thermique est démarré lorsque le niveau de
charge de la batterie devient inférieur -a un niveau de seuil

inférieur. Toutefois, avec cette premiére stratégie, I'arrét du
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moteur thermique n'est provoqué que lorsqu'a la fo‘is les
conditions de I'étape 1114 et de I'étape 1123 sont vérifiées,
c'est-a-dire lorsque la batterie atteint un état de charge
supérieur a un piveau de seuil supérieur et lorsque, a la fois,

5 les valeurs fiitrées instantanées et moyennes du couple
demandé par le conducteur sont inférieures a un niveau de
seuil bas.

Ainsi, selon cette stratégie, on voit que la décision de
démarrage du moteur thermique dépend notamment du niveau

10 de charge de la batterie, du couple instantané demandé par le
conducteur, et du couple moyen demandé par le conducteur.

On peut egalement constater que, lorsque 'ensemble
motopropulseur fonctionne en mode hybride, la valeur du
couple Ct_ref qui sera demandé au moteur thermique dépend

15 des variables th_roulage et th_récupération déterminées par
les taches 1110 et 1120. Ainsi, lorsque le niveau de charge de
la batterie est précédemment devenu inférieur a un niveau de
seuil bas et qu’il n'a pas encore dépassé un niveau de seuil
haut, il ressort de la tache 1120 que la valeur de

20 th_récupération est égale a 1 de sorte que la valeur
intermédiaire Ct_ref1 calculée a l'étape 1221b ne peut étre
inférieure au couple Ct_optimal que fournit le moteur lorsqu'il
est commandé dans des conditions de rendement optimales.
La valeur Ct_ref du couple de consigne imposé au moteur

25 thermique ne peut donc pas.descendre en dessous d'un niveau
correspondant a ce couple optimal.

Au contraire, toujours lorsque le conducteur a
sélectionné le mode de fonctionnement hybride du groupe
motopropulseur, il ressort de la tééhe 1110 que, lorsque la

30 condition de I'étape 1112 a été remplie et tant que celle de
I'étape 1114 ne |'a pas été, la valeur de la variable th_roulage

est égale a 1 si bien que, dans ces conditions, la valeur de
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Ct_ref1 caiculée a I'étape 1221b ne peut étre inférieure au
coup.le demandé par le conducteur.

Par ailleurs, il ressort de la tache 1222 que si la valeur
filtrée Ct_ref_int du couple demandé par le conducteur
dépasse le seu'il Ctmax du couple susceptible d'étre fourni par
le moteur thermique, le moteur électrique est sollicité a I'étape
1222h pour fournir le couple manquant, ceci dans la limite des
possibilités du moteur électrique et de la batterie.

Il sera maintenant deécrit plus particulierement en
référence aux figures 4A a 4H une deuxiéme stratégie de
gestion d'un véhicule hybride selon linvention destiné plus
particuliéerement a étre appliqué dans le cadre d’'un véhicule
hybride de type série. Cette deuxiéme stratégie fait appel a
une série de variables qui sont regroupées et explicitées dans

le tableau ci-dessous.

Notation Signification Unités
Cdemandé couple demandé par le conducteur (positif pour I'accélération, négatif pour Nm
ou Cdem la décélération) .

Ce_ref Consigne de couple du moteur électrique Nm
(Positif pour la traction. négatif pour le freinage récupératif)

Ecant C Ecart entre Cref et Cdemandé Nm

Ecart_prestation | Valeur filtrée de Ecart_C . Nm

Ecart_soc Ecart entre soc et soc_ref : Yo

GE_demandé Demande de démarrage ou d'arrét du moteur thermique pour entrainer la Booléen
génératrice électrique

Ibat Courant débité par la batterie (décharge : positif. charge : négaiif) A

lge Courant débité par la génératrice électrique (positif) A

Meode_sélectionné | Mode de fonctionnement sélectionné par le conducteur -
(Electrique, Hybride ou Régénération)

N " | Viresse de rotation du moteur électrique rad/s
Pbat_demandé Puissance demandée a la batterie de traction (décharge : positif, charge : W
négatif) .
Pbat_possible Pant de Pbat_demandé que peut fournir la batterie w
PbatmaxD Puissance maximale de décharge de la baterie de traction (positive) W
PbatnaxR Puissance maximale de recharge de la batterie de traction (négative) w
Pel Puissance absorbée par le moteur électrique (traction: positif, freinage w
. récupératif : négatif)
Pel_demandé Puissance électrique nécessaire pour tournir Cdemandé W
Pel_filtreA Valeur filtrée & temps de réponse rapide de Pel W
Pel_filtreB Valeur filtrée & temps de réponse lent de Pel w
Pel_possible Part de Pel_demandé que le systéme peut fournir W
Pge_demA Estimation intermédiaire de la valeur de Pge_ref w
Pge_demB Valeur de la puissance demandée i la génératrice dlectrique déterminant w
Arrét GE demandé et.Démarrage GE demandé
Pge _max Puissance maximale que peut foumnir la génératrice électrique W
Pge_mini Puissance minimale que peut fournir la génératrice électrique w
Pge_rel Consipne de puissance de la génératrice dlectrique wBMW1012
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Pmec Puissancc mécanique fournie par le moteur électrique W
Pmec_demandé Puissance mécanique 3 fournir correspondant 4 Cdemandé W
Pmini Seuil de valeur absolue de la puissance en degd dugquel R n'est pas caleulé W
Pmoteur_max Puissance maximale que peut absorber ou restituer le moteur électrique S
R Rendement du moteur électrique utilisé en génératrice .

R_filtre Valeur filtrée de R -

soc Etat de charge de la banerie de traction (siate of charge) (X
soc_ref Etat de charge de référence de la batterie de traction %
U Tension de la batterie de traction YN

Comme on peut le voir sur la figure 4A, I'unité centrale
de gestion de I'ensemble motopropulseur est chargée de
I'exécution de trois taches principales. La premiére 2100 de
ces taches consiste ici dans la détermination de la consigne de
couple du moteur électrique. Elle est exécutée par exemple
toutes les quarante millfsecondes, c'est-a-dire a une fréquence
de 25 hertz. En paraliéle, est exécutée la deuxiéme tache 2200
qui consiste en la décision de démarrage ou d'arrét du moteur
thermique. Sa période est d'une seconde et sa fréquence de 1
hertz.

Il est par ailleurs prévu une troisiéme tache principale
2300, elle aussi exécutée en paralléle, et au cours de laquelle
est determinée la consigne de puissance de la génératrice
electrique Pge_ref. Sa période d'exécution est par exemple de
500 millisecondes, corres'pondant a une fréquence de 2 hertz
pour tenir compte de linertie de l'ensemble formée par le
moteur thermique et la génératrice.

La premiére de ces taches principales est décrite en
référence a la figure 4B. Comme on peut le voir s'ur cette
figure, la tdche 2100 de determination de la consigne de
couple du moteur électrique Ce_ref commence par 'exécution
de la sous-tdche 2110 de calcul de la puissance électrique
nécessaire Pel_demandé. -

Cette sous-tache est décrite en référence a la fig.ure 4C.
Tout d'abord, a I'étape 2111, il est déterminé la valeur Pel de

la puissance absorbée par le moteur électrique. Cette
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puissance est positive lorsque le moteur assure I'entrainement
du véhicule et elle est négative lorsque, au cours d'un
ralentissement du véhicule, le moteur électrique est utilisé en
tant que généraxrice pour recharger la batterie 16. Cette valeur
Pel est égale a la tension du réseau d'alimentation électrique
multiplié par la somme des courants fournis par la batterie
d’une part et par la génératrice électrique d'autre part.

A l'étape 2112, la puissance mécanique fournie par le
moteur électrique .Pmec est définie comme étant le produit du

10 couple de consigne Ce_ref par la vitesse de rotation N du
moteur électrique 12. A l'étape 2113, la puissance mécanique
demandée Pmec_demandé est définie comme étant égale au
couple Cdemandé par le conducteur multiplié par la vitesse N
de rotation du moteur électrique. A ['étape 2114, il est

15 déterminé si la valeur absolue de la puissance mécanique
Pmec est supérieure a une valeur de seuil Pmini. Dans
I'affirmative, on définit a I'étape 2115 un rendement du moteur
électrique qui est égal a la valeur absolue du rapport de la
puissance électrique Pel divisée par la puissance mécanique

20 Pmec. Dans la négative, la valeur de ce rendement est fixée
arbitrairement a 1 a I'étape 2116.

A T'étape 2117, il est déterminé une valeur filtrée
R_filtre de ce rendement, par exemple a l'aide d'un filtre du
premier ordre.

25 A I'étape A2118, la_ puissance électrique demandée
Pel_demandé est déterminée comme étant le produit de la
.valeur filtrée du rendement par la puissance mécanique
demandée. )

L'exécution de la tache 2100 de détermination de la

30 consigne de couple du moteur électrique se poursuit alors a
I'étape 2101 au cours de laquelle on vérifie si la valeur

absolue de la puissance électrique demandée est supérieure a
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15

un niveau de seuil Pmini. Dans la négative, le couple de
consigne Ce_ref est fixé égal au couple demande par le
conducteur. Dans l'affirmative, il est d'abord deéterminé la
puissance Pge..fournie par la génératrice. Si celle-ci débite un
courant Ige, cette puissance vaut U fois lge.

A l'étape 2103, il est calculé la puissance de traction
que doit fournir la batterie 16. Cette valeur Pbat_demandé est
égale a la puissance électrique nécessaire pour fournir le
couple demandé moins la puissance fournie par la génératrice.
A l'étape 2104, on détermine la puissance susceptible d’'étre
fournie par la batterie comme étant la valeur minimale entre
les deux valeurs suivantes :

- la puissance maximale de decharge de la batterie
(PbatmaxD) et

.- la valeur minimale entre

* la puissance demandée a la batterie
(Pbat_demandé) ;

* la puissance maximale de recharge de la
batterie (PbatmaxR).

A P'étape 2105, il est alors déterminé la puissance
électrique que peut fournir le systéme, cette valeur étant la
plus petite des deux valeurs suivantes :

- la puissance maximale du moteur thermique
Pmoteur_max ; et

- la somme ‘de la puissance susceptible d'étre fournie
par la batterie (Pbat_possible) avec la puissance fournie par la
génératrice Pge. '

Alors a l'étape 2106, le couple de référence Ce_ref est

-déterminé comme étant le produit du couple demandé par le

conducteur par le rapport de la puissance électrique que peut
fournir le systéme divisée par la puissance électrique

demandée.
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La deuxiéme tache principale 2200 de cette seconde
stratégié de gestion d'un véhicule hybride consiste en la
décision de démarrage ou d'arrét du moteur thermique. Comme
on peut le voir a la_figure 4C, cette tache 2200 commence par
'exécution de la ‘téche 2310 de calcul de la puissance de
recharge de la batterie qui est illustrée a la figure 4G. Comme
on peut le voir sur cette figure, il est donc déterminé, aux
étapes 2312, 2313, 2314 un état de charge de référence
Soc_ref en fonction du mode de fonctionnement sélectionné

par le conducteur du véhicule. A I'étape 2315, il est déterminé

une valeur d'écart entre cet état de charge de référence

Soc_ref et I'état de charge réel. A I'étape 2316, la puissance
batterie demandée est définie comme étant une valeur filtrée
de cet écart, par exemple par un filtre du premier ordre.

Toutefois, & I'étape 2317, il est vérifié que cette valeur
calculée de la puiséance de recharge de la batterie n'excéde
pas les puissances limites de charge et de décharge de la
batterie, auquel cas la puissance de recharge de la batterie
est forcée a 'une de ces valeurs limites.

La tache de décision de démarrage ou d’arrét du moteur
thermique se poursuit alors a |'étape 2201 dans laquelle est
déterminee la puissance électrique Pel de la méme maniére
que vu plus haut a I'étape 2111. Cette puissance électrique est
filtréee par un filtre du premier ordre pour obtenir a I'étape 2202
la variable Pel_filtreB. -

Il est ensuite procédé a un calcul de |'écart entre le

couple demandé par le conducteur et le couple effectivement

.appliqué aux roues motrices par le moteur électrique. Ce

calcul de la valeur écart_prestation fait I'objet de la tache 2210
illustrée a la figure 4E dans laquelle on peut voir que cette
valeur est obtenue par le filtrage au travers d'un filtre de

premier ordre de la différence entre le couple demandé par le
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conducteur Cdemandé et le couple fourni par le moteur
électrique Ce_ref.

La tdche de décision du démarrage ou de l'arrét du
moteur thermique se poursuit a 'étape 2203 en déterminant ia
valeur de la pﬁissance demandée a la génératrice électrique
Pge_demB. Cette valeur est égale a une somme pondérée des
valeurs précédemment calculées Pbat_demandé, Pel_filtreB et
Ecart_prestation. A I'étape 2204, il est verifie si cette valeur
Pge_demB est supérieure a une valeur de seuil Pge_mini et si,
en méme temps, le mode de fonctionnement sélectionné par le
conducteur est different du moteur électrique. Si cette double
condition est vérifiée, alors _la variable booléenne
GE_demandé est forcée a la valeur « vrai» et le moteur
thermique est alors démarré pour fournir du courant électrique.
Au contraire, si la double condition de 'étape 2204 n'est pas
remplie, la variable GE_demandé est forcée a la valeur
« faux » a I'étape 2206 si bien que le moteur thermique est
commandé a l'arrét.

Lorsque le moteur thermique est démarré, il est alors
possible de le commander pour qu’il entraine la génératrice
électrique de telle maniére que celle-ci produise une puissance
suffisante. A cet effet, il est calculé a la tache 2300 une valeur
de consigne de la puissance dé la genératrice électrique
Pge_ref. Cette tache, illustrée a la figure 4F, commence par
I'exécution de la tache de_ niveau inférieur 2310 qui a été
décrite précédemment et qui consiste en le calcul de la
puissance de recharge de la batterie. Ensuite, a I'étape 2301,
il est calculé la puissance electrique Pel absorbee par le
moteur électrique de la méme maniére que cela a été vu aux
étapes 2201 et 2111. Cette valeur est alors filtrée a |'étape
2302, par exemple par un filtre du premier ordre, pour donner

une valeur intermédiaire Pel_filtreA. A I'étape 2303, il est
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déterminé la somme pondérée Pge_demA de la puissance de
rechérge de la batterie Pbat_demandé avec la valeur
Pel filtreA calculée a l'étape 2302. A VI'étape 2304, la
puissance de consigne de la génératrice électrique Pge_ref est
définie comme étant la plus petite de la valeur Pge_demA,

calculée a l'étape 2303, et de la puissance maximale

"susceptible d'étre fournie par la génératrice Pge_max.

Comme on peut le voir des étapes 2203, 2204, 2205 et
2206, la décision d'un démarrage du moteur thermique dépend
notamment des trois paramétres suivants :

- l'éetat de charge de la batterie, car la valeur
Pbat_demandé est calculée notamment en fonction de I'écart
entre |'état de charge réel de la batterie et un état de charge
de référence (voir étapes 2315, 2316, 2317) ;

- le couple moteur demandé, car la valeur
Ecart_prestation dépend bien entendu de ce couple demandé
(voir étapes 2211 et 2212) ; et

- I'écart entre la prestation fournie par le systéme et

celle demandée par le conducteur.
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1. Véhicule automobile a motorisation hybride, du type
dans lequel un ensemble motopropulseur comporte un moteur
électrique (12) ét un moteur thermique (10) qui sont
susceptibles de contribuer a I'entrainement du véhicule, et du
type dans lequel une unité centrale de gestion exécute une
premiére tache (1200, 2100) comportant la détermination du
couple que doit fournir chaque moteur pour que l'ensemble
motopropulseur fournisse au vehicule un couple moteur
conforme & un couple demandéf (Cdemandé) par le conducteur
du véhicuIeA, et du type dans leiequel le moteur thermique (10)
est susceptible d'étre arrété, le véhicule étant alors entrainé
par {e seul moteur électriquﬁe (12) alimenté en courant
électrique par une batterie d'acéumulateurs (16),

caractérisé en ce que, al.f: moins pour certains modes de
fonctionnement (hybride) de I'elf'lsemble motopropulseur, l'unité
centrale exécute une deuxiéme!téche (1100, 2200) au cours de
laquelle est décidé ['arrét ou le démarrage du moteur
thermique, en ce que la premiére tache et la deuxiéme tache
sont exécutées en paralléle et en ce que la fréquehce
d'exécution de la deuxiéme tadche est inférieure a celle de la
premiere tache,

| 2. Veéhicule automobile selon la revendication 1,
caractérisé en ce que le conducteur peut imposer a I'ensemble
motopropulseur un mode de fonctionnement électrique dans
lequel le moteur thermique (10)’ est arréte.

3. Véhicule automobile selon Il'une quelconque des
revendications précédentes, caractérisé en ce que le
conducteur peut imposer a I'ensemble motopropulseur un
mode de fonctionnement de régénération dans lequel le moteur

thermique (10) est utilisé notamment pour assurer le
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rechargement de la batterie (16).

4. Véhicule automobile selon l'une quelconque des
revendications précédentes, caractérise en ce que le
conducteur peut imposer a l'ensemble motopropulseur un

5 mode de fonctionnement hybride dans lequel 'unité centrale
exécute la deuxiéme tache au cours de laquelle est décidé
I'arrét ou le démarrage du moteur thermique.

5. Véhicule automobile selon la revendication 4,

caractérisé en ce que la décision d'arrét ou de démarrage du
10 moteur thermique (10) est prise notamment en fonction d'un
niveau de charge (jauge_batterie, soc) de la batterie (16).

6. Véhicule automobile selon la revendication 5,
caractérisé en ce que Ie‘démarragemdu moteur thermique (10)
est décidé ou confirmé lorsque le niveau de charge

15 (jauge_batterie) de la batterie (16) est inférieur a un niveau de
seuil bas (seuil_jauge_bas), et en ce que l'arrét du moteur
thermique (10) est susceptible d'étre décidé ou d'étre-confirmé
lorsque le niveau de charge de la batterie est supérieur a un
niveau de seuil haut (seuil_jauge_bas).

20 7. Véhicule automobile selon [‘une quelxconque des

revendications 4 a 6, caractérisé en ce que la décision d'arrét
ou de démarrage du moteur thermique (10) est prise
notamment en fonction du couple instantané

(Cdemandé_filtre1) demandé par le conducteur.

18]
L

8. Veéhicule automabile selon l'une quelconque des
revendications 4 a 7, caractérisé en ce que la décision d'arrét
ou de démarrage du moteur thermique (10) est prise
notamment en fonction du couple moyen (Cdemandé_filtre2)
"demandé par le conducteur pendant un intervalle de temps
0 prédéterminé précédant de la décision.

9. Véhicule automobile selon la revendication 7 prise en

combinaison avec la revendication 8, caractérisé en ce que le
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démarrage du moteur thermique (10) est decidé ou confirmé
lorsque le couple instantané (Cdemandé_filtre1) demandé par
le conducteur est supérieur a un niveau de seuil haut (Chaut),
et en ce que l'_arrét du moteur thermique (10) est susceptible

5 d'étre décidé ou d'étre confirmé lorsque le couple instantané
(Cdemandé_filtre1) et le couple moyen (Cdemandé_filtre2)
demandés par le conducteur sont inferieurs a un niveau de
seuil bas (Cbas).

10. Véhicule automobile selon la revendication 6 prise

10 en combinaison avec la revendication 9, caractérisé en ce que
i'arrét du moteur thermique (10) est décidé ou confirmeé
lorsque, a la fois, le niveau de charge (jauge_batterie) de la
batterie (16) est supérieur a un niveau de seuil haut
(seuil_jauge_haut) et le couple instantané (Cdemandé_filtre1)

15 et le couple moyen (Cdemandé_filtre2) demandés par le
conducteur sont inférieurs @ un niveau de seuil bas (Cbas).

11. Véhicule automobile selon l'une quelconqge des
revendications 4 a 10, caractérisé en ce que la décision d'arrét
ou de démarrage du moteur thermique (10) est prise

20 notamment en fonction d'un écart (Ecart_prestation) entre le
couple demandé (Cdemandeé) par le conducteur et le couple
effectivement fourni par I'ensemble motopropulseur.

12. Veéhicule automobile selon l'une quelconque des
revendications précédentes prise en combinaison avec l'une

25 . au moins des revendications 2 a 4, caractérisé en ce que, en
fonctionnement du mode de fonctionnement sélectionné par le
conducteur, il est fixé un niveau de consigne de charge
(soc_ref) de la batterie (16). '

13. Véhicule automobile selon l'une quelconque des

30 revendications précédentes, caractérisé en ce que l'ensemble
motopropulseur est un ensemble hybride série dans lequel les

roues motrices du véhicule sont entrainées exclusivement par
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le moteur électrique (12) qui est alimenté par du courant
électrique provenant de la batterie (16) qui est rechargée par
une génératrice (26) entrainée par le moteur thermique (10).
14. Véhicule automobile selon la revendication 13 prise
en combinaison avec la revendication 12, caractérisé en ce
qu'il est déterminé la puissance électrique (Pbat_demandé) a
fournir a la batterie (16) en fonction d'un écart (Ecart_soc)
entre les niveaux réel (soc) et de référence (soc_ref) de
charge de la batterie, en tenant compte de valeurs limites de

puissance de charge (PbatmaxR) et 'de décharge (PbatmaxD)

. de la batterie (16).

15. Véhicule automobile selon la revendication 14,
caractérisé en ce que le démarrage du moteur thermique (10)
est déterminé en fonction de la puissance électrique
(Pbat_demandé) a fournir a la batterie (16), de la puissance
électrique absorbée (Pel_filtreB) par le moteur électrique (12)
et en fonction d'un écart (Ecart_prestation) entre la valeur du
couple demandé par le conducteur et la valeur du couple fourni
par le moteur électrique (12).

16. Véhicule automobile selon la revendication 14 ou
15, caractérisé en ce qu'il est déterminé un niveau de
consigne (Pge_ref) de la puissance fournie par la génératrice
(26) en fonction de la puissance réelle (U*ige) fournie par la
génératrice (26), de la puissance. réelle (U*lbat) fournie par la

batterie (16), et de la puissance (Pbat_demandé) a fournir a la

batterie (16), en tenant compte la puissance maximale

(Pge_max) susceptible d'étre fournie par la génératrice (26).
17. Véhicule automobile selon l'une quelconque des
revendications précédentes 13 a 15, caractérisé en ce qu'il est
déterminé une puissance électrique nécessaire (Pel_demandé)
en fonction du couple moteur (Cdemande) demande par le

conducteur, en tenant compte, au moins lorsque ce couple est
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supérieur en valeur absolue a une valeur minimale, d'un
rendement du moteur électrique (R).
18. Véhicule automobil|

caractérisé en .ce qu'il est déterminé une valeur de consigne

e -selon la revendication 16,

(Cref) du couple fourni par le moteur électrique (12) en
fonction du couple moteur demandé par le conducteur multiplié
par, au moins lorsque la puissance electrique nécessaire
(Pel_demandé) est supérieure en valeur absolue a une valeur
de seuil (Pmini), du rapport de l|a puissance électrique
(Pel_possible) susceptible d'étre fournie au moteur électrique
(12) divisée par la puissance électrique nécessaire
(Pel_possible), la puissance électrique (Pel_possible)
susceptible d'étre fournie au moteur électrique (12) tenant
compte de la puissance électrique ﬁécessaire (Pel_demandeé),
de la puissance réelle (Pge) fournie par la génératricé, de la
puissance (Pbat_possible) susceptible d'étre fournie par la
batterie (16), et de la puissance maximale (Pmoteur_max)
susceptible d'étre absorbée par le moteur.

19. Veéhicule automobile selon l'une quelconque des
revendications 1 a 12, caractérisé en ce que l'ensemble
motopropulseur est un ensemble hybride en paralléle dans
lequel le moteur électrique (12) et le moteur thermique (10)
entrainent chacun soit au moins une méme roue motrice soit
des roues motrices différentes.

20. Véhicule automobile selon la revendication 19 prise
en combinaison avec la revendication 3, caractérisé en ce que
lorsque l'ensemble motopropuiseur fonctionne en mode de

régénération, le moteur électrique (10) ne délivre un couple

moteur que si ie conducteur provoque une hausse brutale du

couple demandé (kickdown).
21. Véhicule automobile selon l'une des revendications

19 ou 20 prise en combinaison avec la revendication 3,
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caractérisé en ce que lorsque l'ensemble motopropulseur
fonctionne en mode de régéneération, le moteur thermique (10)
est commandé pour fournir un couple maximal (Ct_maximum).

22. Veéhicule automobile selon l'une quelc.onque des

5 revendications | 19 a 21 prise en combinaison avec la
revendication 4, caractérisé en ce que lorsque l'ensemble
motopropulseur fonctionne en mode hybride et que le niveau
de charge (jauge_batterie) de la batterie (16) est
précédemment devenu inférieur & un niveau de seuil bas

10 (seuil_jauge_bas) et n'a pas encore dépassé un niveau de
seuil haut (seuil_jauge_haut), le moteur thermique (10) est
commandé pour fournir un couple de consigne (Ct_ref1) au
moins égal a un couple optimal (Ct_optimal) correspondant a
des conditions de rendement optimales du moteur thermique.

15 23. Véhicule automobile selon l'une quelconque des
revendications précédentes 19 a 22 prise en combinaison avec
la revendication 4, caractérisé en ce que lorsque l'ensemble
motopropulseur fonctionne en mode hybride et que le couple
instantané (Cdemandé_filtre1) demandé par le conducteur est

20 précédemment devenu supérieur a un niveau de seuil haut
(Chaut) sans étre redevenu inférieur 3 un niveau de seuil bas
(Cbas) -en méme temps que le niveau moyen
(Cdemande_filtre2) est inférieur au niveau de seuil bas (Cbas),
le moteuf ihermique (10) est commandé pour fournir un couple

25 de consigne au moins égal a une valeur filtrée du couple
demandé par le conducteur.

24 Vehicule automobile selon l'une quelconque des
revendications précédentes 19 a 23 caractérisé en ce que, si
une valeur filtrée (Ct_ref_int) du couple demandeé 'par le

30 conducteur est supérieure au couple maximal (Ct_max) du
moteur thermique (10), le moteur électrique (12) est sollicite
pour fournir, dans la mesure du possible, la quantité de couple

manquante (Cdem - Ctref). BMW1012
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WO 99/24280 PCT/FR98/02403
Motor vehicle with hybrid motorization

The invention relates to a motor vehicle with hybrid

motorization comprising refined power management means.

The invention relates more particularly to a motor
vehicle with hybrid motorization, of the type in which
a powertrain assembly comprises an electric engine and
a heat engine which are able to contribute to the
driving of the vehicle, and of the type in which a
central management unit = executes a first task
comprising determining the torque that each engine must
supply for the powertrain assembly to supply the
vehicle with a motive torque conforming to a torque
requested by the driver of the vehicle, and of the type
in which the heat engine is able to be stopped, the
vehicle then being driven only by the electric engine

powered by electric current from a battery.

In the search for vehicles that are less polluting than
the motor vehicles that comprise only a single heat
engine, wvehicles with hybrid motorization appear as a
particularly interesting alternative to strictly

electric-powered vehicles.

In practice, the latter offer the advantage of not
themselves emitting any toxic substances while being
both particularly silent and economic to use. However,
the electric vehicles take their power only from the
accumulator batteries that they have on board. Now,
given the poor performance 1levels of currently known
accumulator batteries, at least those able to be used
at reasonable <cost 1in a motor vehicle, electric
vehicles can store only a relatively low quantity of
energy, despité a consistent weight, which gives them

both poor autonomy and poor performance.

BMW1012
Page 774 of 1654

REPLACEMENT SHEET (RULE 26)



10

15

20

25

30

35

-2 -
Thus, the hybrid motorization solution comprising a
heat engine able to participate in the driving of the
vehicle makes it possible to produce vehicles offering
far higher performance and - autonomy levels,

satisfactory for normal use of the vehicle.
There are two main types of hybrid vehicles.

In series hybrid vehicles, only the electric engine is
able to directly drive the drive wheels of the vehicle,
possibly through a gearbox, a differential and/or a
clutch. The electric engine takes its power from a
battery charged by an electric generator which 1is

driven by the heat engine.

In this type of hybrid vehicle, the electric engine is
therefore always operating and the heat engine can be

either stopped, with the vehicle then operating in pure

electric mode, or running so that the generator

produces electricity to power the electric engine

and/or charge the batteries.

In a parallel hybrid vehicle, the heat engine and the
electric engine are both linked, normally via a two-
input gearbox, to the drive wheels of the wvehicle.
Normally, a clutch is placed between each engine and
the drive wheels to enable the engine to be decoupled
when the latter is not used for driving purposes. The
parallel hybrid type motor vehicles can therefore be
driven using only the electric engine, or using only
the heat engine,  or even using both engines
simultaneously. Moreover, in certain confiqurations, it
is possible to use the electric engine to start the
heat engine and the -electric engine can also be
"inverted" so that, the heat engine rotating the
electric engine, possibly at the same time as it is
rotating the drive wheels of the vehicle, is

responsible for charging the batteries.

BMW1012
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It should be noted that there is a variant of the
parallel hybrid vehicles in which each of the two heat
and electric engines is coupled not to the same axle,
but to different axles.

Whatever the type of hybrid vehicle considered, it is
therefore necessary to manage as effectively as
possible the control of each of the heat and electric
engines to ensure that the vehicle is driven according
to the needs of the driver who at all times determines
the motive torque needed to propel the vehicle to
accelerate or decelerate the vehicle, or maintain the

vehicle at a steady speed.

In particular, the choice of whether or not to use the
heat engine is particularly crucial because it can be
used to determine the autonomy of the vehicle, its
performance levels, all in as much as the starting of
the heat engine is actually possible, which can, for
example, be prohibited in certain areas where traffic
is particularly dense or at certain periods to limit
pollution.

Moreover, it is necessary for the power distribution
transfers supplied by each of the engines to be
conducted "transparently" for the driver, that is,
producing a minimum of disturbances and jerks.

Thus, the invention proposes a motor vehicle of the
type described previously, characterized in that, at
least for certain operating modes of the powertrain
assembly, the central wunit executes a second task
during which it is decided to stop or start the heat
engine, in that the first task and the second task are
executed in parallel and in that the frequency of
execution of the second task is less than that of the
first task.

According to other characteristics of the invention: BMW1012
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- the driver can impose on the powertrain assembly an
electric operating mode in which the heat engine is

stopped;

- the driver can impose on the powertrain assembly a
regeneration operating mode in which the heat engine is

used in particular to charge the battery;

- the driver can impose on the powertrain assembly a
hybrid operating mode in which the central unit
executes the second task during which it is decided to

stop or start the heat engine;

- the decision to stop or start the heat engine is
taken in particular according to a state of charge of

the battery;

- the starting of the heat engine is decided or
confirmed when the state of charge of the battery is
less than a low threshold level, and the stopping of
the heat engine is able to be decided or confirmed when
the state of charge of the battery is greater than a
high threshold level;

- the decision to stop or start the heat engine is

taken in particular according to the instantaneous

torque requested by the driver;

- the decision to stop or start the heat engine is
taken in particular according to the average torque
requested by the driver during a predetermined time

interval preceding the decision;

- the starting of the heat engine 1is decided or
confirmed when the instantaneous torque requested by
the driver is greater than a high threshold level, and

in that the stopping of the heat engine is able to be

decided or confirmed when the instantaneous torque andBMW1012
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the average torque requested by the driver are less

than a low threshold level;

- the stopping of the heat engine is decided or
confirmed when, at the same time, the state of charge
of the battery is greater than a high threshold level
and the instantaneous torque and the average torque
requestéd by the driver are less than a low threshold

level;

- the decision to stop or start the heat engine is
taken in particular according to a difference between
the torque requested by the driver and the torque
actually supplied by the powertrain assembly;

- during operation of the operating mode selected by
the driver, a charge set point level of the battery is

fixed;

- the powertrain assembly is a series hybrid assembly
in which the drive wheels of the vehicle are driven
exclusively by the electric engine which is powered by
electric current from either the battery or from a

generator driven by the heat engine;

- the electrical power to be supplied to the battery is
determined according to a difference between the real
and reference states of charge of the battery, taking
into account limiting charge and discharge power values
of the battery;

- the starting of the heat engine is determined
according to the electrical power to be supplied to the
battery, the electrical power absorbed by the electric
engine and according to a difference between the value
of the torque requested by the driver and the value of
the torque supplied by the electric engine;

BMW1012
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- a set point level for the power supplied by the
generator is determined according to the real power
supplied by the generator, the real power supplied by
the battery, and the power to be supplied to the
battery, taking into account the maximum power able to

be supplied by the generator;

- a necessary electrical power is determined according
to the motive torque requested by the driver, taking
into account, at least when this torque is greater as
an absolute value than é minimum value, the efficiency

of the electric engine;

- a set point value for the torque supplied by the
electric engine is determined according to the motive
torque requested by the driver multiplied, at least
when the necessary electrical power is greater as an
absolute value than a threshold value, by the ratio of
the electrical power able to be supplied to the
electric engine divided by the necessary electrical
power, the electrical power able to be supplied to the
electric engine taking into account the necessary
electrical power, the real power supplied by the
generator, the power able to be supplied by the
battery, and the maximum power able to be absorbed by

the engine;

- the powertrain assembly is a parallel hybrid assembly
in which the electric engine and the heat engine each
drive either at least one and the same drive wheel or

different drive wheels;

~ the powertrain assembly operates in regeneration
mode, the electric engine delivers a motive torque only
if the driver provokes an abrupt rise in the requested

torque;

BMW1012
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- when the powertrain assembly 1is operating in
regeneration mode, the heat engine is ordered to supply

a maximum torque;

- when the powertrain assembly is operating in hybrid
mode and the state of charge of the battery has
previously fallen below a low threshold level and has
not yet exceeded a high threshold 1level, the heat
engine is ordered to supply a set point torque at least
equal to an optimal torque corresponding to optimal

efficiency conditions of the heat engine;

- when the powertrain assembly is operating in hybrid
mode and the instantaneous torque requested by the
driver has previously risen above a high threshold
level without returning below a low threshold level at
the same time as the average level is less than the low
threshold level, the heat engine is ordered to supply a
set point torque at least equal to a filtered value of

the torque requested by the driver; and

- if a filtered value of the torque requested by the
driver is greater than the maximum torque of the heat
engine, the electric engine is called upon to supply,

as far as possible, the quantity of torque lacking.

Other features and advantages of the invention will
become apparent from reading the detailed description
that follows, which should Dbe interpreted with
reference to the appended drawings in which:

- figure 1 1is a schematic view illustrating the
architecture of a motor vehicle with hybrid

motorization, of parallel type;

- figure 2 is a view similar to that of figure 1
illustrating a series type hybrid vehicle;

BMW1012
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- figures 3A to 3K are flow diagrams illustrating a
first strategy for the management of a hybrid vehicle
according to the teachings of the invention, more
specifically intended for a parallel type hybrid

vehicle; and

- figures 4A to 4H illustrate a flow diagram of a
management strategy according to the invention, more
specifically intended for a series type hybrid vehicle.

In a vehicle with parallel hybrid motorization, of the
type of the one illustrated in figure 1, a heat engine
10 and an electric engine 12 are both able to directly

drive the drive wheels of the vehicle.

The heat engine 10 is normally an internal combustion
engine with reciprocating pistons or rotary pistons or
even of turbine type. It is powered chemically by a

hydrocarbon type liquid or gas fuel.

The electric engine 12 1is electrically linked to a
battery 16 borne by the vehicle, possibly wvia an
inverting converter 17. The two engines 10, 12 each
rotate an input shaft 18, 20 of a power distribution
unit 22 of which the output shaft(s) 24 rotate the
drive wheels. The power distribution unit 22 can
comprise, for example, a gearbox, a differential and,
optionally, placed between at least one of the engines
and the corresponding input shaft 18, 20, a clutch
device 25 which is used to couple or decouple at will

the engine from the power distribution unit 22.

The duly equipped vehicle <can therefore be driven
either using only the heat engine 10, or using only the
electric engine 12z, or using both engines
simultaneously. If necessary, the heat engine can have
its power distributed between on the one hand driving
the drive wheels 14, and on the other hand rotating the

BMW1012
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"inverted" electric engine which is then converted into

an electricity generator for charging the battery 16.

Similarly, the electric engine 12 can, if necessary, be

used to start the heat engine 10.

In the series type hybrid vehicle illustrated in figure
2, only the electric engine 12 is linked directly to
the drive wheels, possibly via a power distribution
unit (not shown). The electric engine 12 can be powered
with electrical energy by the battery 16 or by an
electricity generator 26 which 1is driven by the

electric engine 12.

In all cases, inverting 17 and rectifying 19 converters
can be provided if the electric engine needs to be

powered by alternating current.

Preferably, to manage the driving of the vehicle, each
of the main elements of the vehicle is provided with a
local control unit, each of these local units being in
turn controlled by a central management unit which is
used to centralize the information concefning the
status of each of the units, information concerning the
status of the vehicle and information concerning the

requirements of the driver.

The main purpose of the central managemeﬁt unit is to
control the two engines 10, 12 so as to make best use
of the energy of the vehicle that is stored either in
electrical form in the batteries, or in the form of
hydrocarbon fuel. Another aim of this management is to
respond at all times in the most satisfactory way
possible to the requirements of the driver concerning
acceleration and deceleration of the vehicle, this
requirement preferably being represented by a motor
torque Trequested on the drive wheels.

BMW1012
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Two main tasks are executed cyclically by the central
management unit, namely, on the one hand the decision
to start or stop the heat engine 10 and, on the other
hand, the determination of the torque or power set
points that the electric engine and the heat engine
must supply in order to drive the vehicle according to

the requirements of the driver.

According to the invention, these two tasks are
performed in parallel and they are executed at

different frequencies.

Thus, the task involving determining the torque set
points to be supplied by the electric engine and the
heat engine will, for example, be executed every
40 milliseconds whereas the task for deciding to start
or stop the heat engine will, for example, be performed

every second.

Decoupling these two tasks in this way provides for a
management of the power supplied by the powertrain
assembly formed by the two engines 10, 12 which
responds virtually instantaneously to the instructions
of the driver. Furthermore, making the decision to
start and stop the heat engine independently of the
instantaneous power management prevents these start and
stop phases, which are both aggravated sources of
pollution and sources of instability to the total power
supplied by the engines, which can be reflected in
jerks felt by the driver and the passengers of the

vehicle, from being multiplied.

The management strategy for the hybrid vehicle
according to the invention will be more specifically
described below according to two embodiments, one of
which is more particularly suited to a parallel type
hybrid vehicle illustrated in figure 1, and the other
of which is more particularly suited to a series type

hybrid vehicle illustrated in figure 2. BMW1012
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The first of these two strategies uses a series of
variables which are listed and explained in the table

IW1012

below.
Notation Moaning Unita
Cl to 54 Constants for calculating Tlow and Thigh according to Nm
battery gauge
Tlow Lower torque threshold for determining h running Nm
Trequested Torque requested by the driver (positive for Nm
acceleration, negative for deceleration)
Trequested_ Rapid response time filtered value of Trequested Nm
filterl
Trequested_ Slow response time filtered value of Trequested Nm
filter2
Te_ref Electric motive torque set point (positive for traction, Nm
negative for regenerative braking)
Tel_braking_max Maximum regenerative braking torque allowable by the Nm
electric engine (negative)
Tel_traction max | Maximum traction torque allowable by the electric engine Nm
(positive)
Temax Maximum electric torque given the state of the battery Nm
and mode selected (positive)
Temin Minimum electric torque given the state of the battery Nm
and mode selected (negative)
Thigh Upper torque threshold for determining h running Nm
Th_maximum Maximum torque of the heat engine, used in Regeneration Nm
mode
Th_optimal Torque of the heat engine corresponding to its minimum Nm
specific consumption
|Th_ref Heat motive torque set point (positive for traction, Nm
negative for engine braking)
Th ref int Intermediate estimate of the Th ref value Nm
Th refl Intermediate estimate of the Th ref value Nm
Th_braking_max Maximum engine braking torque allowable by the heat Nm
engine (negative)
Th_traction_max Maximum traction torque allowable by the heat engine Nm
{positive)
B
Thmax Maximum electrical torque given mode selected (positive) J aggEst

of 1654
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frequencies.

Of course,

Thmin Minimum electrical torque given mode selected (negative) Nm

D lower Intermediate value in calculating Th ref Nm

D higher Intermediate value in calculating Th ref Nm

Request electric | Electric engine start request Boolean

Request heat Heat engine start request Boolean

Battery mode_hyst| Intermediate quantity for determining h_recovery -
(electric, hybrid)

Torque_mode_hyst | Intermediate quantity for determining h_running -
{electric, hybrid)

battery gauge State of charge of the traction battery 3

Kickdown Request for additional electrical acceleration Boolean

requested {regeneration mode)

mode_selected Operating mode selected by the driver (electrical, hybrid -
or regeneration)

N ’ Electric motor rotation speed rad/s

PbatMaxD Maximum discharge power of traction battery {positive) W

PbatmaxR Maximum recharge power of traction battery (negative) W

Re_lower Intermediate value in calculating Th_ref (see diagram Nm
below)

Re_upper Intermediate value in calculating Th_ref (see diagram Nm
below)

Rh_lower Intermediate value in calculating Th_ref (see diagram Nm
below)

Rh_upper Intermediate value in calculating Th_ref (see diagram Nm
below)

gauge_low_ Battery gauge low threshold for determining h recovery %

threshold

gauge_high_ Battery gauge high threshold for determining h_recovery %

threshold

h_recovery Determines whether the heat engine contributes to Boolean
charging the battery

h_regeneration Determines whether the heat engine contributes to Boolean
strongly charging the battery

h running Determines whether the heat engine contributes to running Boolean

Figure 3A illustrates the two main tasks that are

executed in parallel with each other, at different

the frequencies of 1 Hertz and

BMW1012
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for deciding to start or stop the heat engine, and on
the other hand the task 1200 for determining the torque
set points of the engines 10, 12 are nonlimiting
examples used to illustrate the choice according to
which the second of these frequencies is significantly

greater than the first.

Each of the tasks 1100 and 1200 illustrated in these
figures is broken down into lower level tasks which

will be explained with reference to figures 3B to 3K.

The step 1100 for deciding to start or stop the heat
engine is explained in figure 3B. First of all, in the
steps 1101 and 1102, two filtered values of the torque
Trequested requested by the driver are calculated. The
filters used are, for example, first order filters, of
low-pass type. The first value Trequested filterl
corresponds to an average of Trequested over a very
short interval preceding the time of calculation and
remains representative of the instantaneous value
Trequested. However, the wvalue Trequested filter2
corresponds to a smoothed average value of Trequested
and is therefore representative of a medium term trend

of the torque request expressed by the driver.

Once these two values have been calculated, three lower
level tasks are executed in which are determined the
intermediate boolean variables: h_running (task 1110),
h_recovery (task 1120), h_regeneration,

request_electric and request_heat (task 1130).
These lower level tasks will be explained below. -

Once these values have been determined, a test 1is
carried out in step 1103 to check whether the heat
engine 10 is available, that is, whether it is in a
state to deliver a motive torque. If it is, the boolean

variables that have just been calculated are retained

unchanged, otherwise, as can be seen in step 1104, thqBMW1012
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boolean values h running, h_regeneration and h_recovery

are forced to zero.

The task 1110 for determining the value of the boolean
variable h_running is now described with reference to
figure 3C. In the step 1111, two threshold levels Tlow
and Thigh, with which the filtered values of the
requested torque will be compared, are first
calculated. These threshold values are mainly
determined according to the state of charge
battery gauge of the battery 16.

In the step 1112, a check is first of all made to see
whether the filtered value Trequested_filterl,
representative of the instantaneous torque requested by
the driver, is greater than the upper threshold level
Thigh. If it 1is, an intermediate boolean variable
torque mode hyst is forced to the value "hybrid" in the
step 1113. If not, in the step 1114, a check is made to
see whether the two filtered values of the requested
torque Trequested filterl and Trequested filter2 are
both simultaneously lower than the lower torque level
Tlow. If they are, the boolean value torque_mode_hyst
is forced in the step 1115 to the value "electric". If
not, the boolean variable torque_mode_hyst is

unchanged.

In the step 1116, a check is then made to see whether
the boolean variable torque _mode hyst is equal to the
value "hybrid". If it is, the boolean value h_running
is forced to 1 in the step 1118. If not, the boolean
value h_running is forced to zero in the step 1117.

The task 1120 for determining the value of the boolean
variable h_recovery will now be described with
reference to figure 3D. In the step 1121, a check is
first carried out to see whether the state of charge of
the battery 16, represented by the variable

battery gauge, 1is less than a lower threshold valquMm”012
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gauge low_threshold. If it is, a boolean variable
battery mode hyst is forced to the value "hybrid" in
the step 1122. If not, a check is made in the step 1123
to see whether the battery gauge value is greater than
an upper threshold level gauge high threshold. If it
is, the boolean variable battery mode hyst is forced to
the value "electric" in the step 1124. If not, the
variable battery mode hyst retains the same value' as
during the previous execution of the task.

In the step 1125, a check is made to see whether the
variable battery mode hyst is equal to the wvalue
"hybrid". If it is; the h_recovery value is forced to
the value 1 in the step 1127. If not, this wvariable is
forced to the value zero in the step 1126.

The task 1130 is described with reference to figure 3E.
The purpose of this task 1is to determine the value of
the boolean variables h_regeneration, request _electric

and request_heat.

According to an aspect of the invention, the management
strategy for the powertrain assembly of the hybrid
vehicle that is proposed here is used by the driver to
select one of three operating modes for the powertrain
assembly.

In an electric mode, the driver prohibits the use of
the heat engine. The boolean variables torque mode_ hyst
and battery mode hyst are forced to the wvariable
"electric", the variable request_electric is forced to
the wvalue "true", the variable request heat is forced
to the value "false" and the variable h regeneration is

forced to the value "O0".

The driver can also select a regeneration operating
mode for the powertrain assembly. This operating mode
forces the powertrain assembly to start the heat engine

in order, in addition to driving the vehicle, to chargegywio12
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the battery 16. The boolean variables torque mode_ hyst
and battery mode hyst are in this case forced to the
value "hybrid". The boolean variables request_electric
and request_heat are forced to the value "true" while

the variable h_regeneration is forced to the value "1".

The driver can also select a hybrid operating mode for
the powertrain assembly. In this operating mode, the
heat engine 10 will be used only if needed, as will be

seen below.

In this mode, the variable request electric is forced
to the wvalue "true". The variable request_heat is
forced to the wvalue "true" if one or other of the
variables battery mode hyst and torque_mode hyst is
equal to the wvalue "hybrid". Otherwise, the variable
request heat 1is forced to the value "false". The

t
variable h regeneration is forced to the value "0".

There now follows a description, with reference to
figures 3F to 3K, of the second main task 1200 of this
first strategy for managing a hybrid wvehicle, this
second task being executed at a frequency fast enough

to be able to satisfy the requirements of the driver.

This second task 1200, which consists in determining
the set point torques Te_ref and Th_ref for the
electric engine and the heat engine, itself comprises
two lower level tasks 1210 and 1220 which will be
explained respectively in Fiqgures 3G to 3H and 31 to
3K.

As can be seen in Figure 3G, the purpose of the task
1210 is to determine the limiting motive torques for
the electric engine and the heat engine. In the step
1211, a check is first of all made to see whefher the
heat engine 1is available. If it is, limiting torque
variables Thmax and Thmin for the heat engine are

respectively assigned the values Th traction max andgpmw1012
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Th_braking _max which are linked in particular to the
speed and the temperature of the engine used. If not,
the values of Thmax and Thmin are forced to zero in the

step 1213.

In the step 1214, a check is then made to see whether
the electric engine is available. If not, the variables

Temax and Temin are forced to zero in the step 1217.

If it is, the variable Temin is assigned in the step
1215 the higher of the following two values:

- a value Tel braking max, which depends in particular
on the power supply voltage and temperature of the

engine;

- PbatmaxR X %.

The maximum torque value of the electric engine is
determined in the task 1216 which is broken down in
figure 3H. In practice, a check is first of all carried
out in the step 1216a to see whether the wvariable
h regeneration is equal to 1, that is, whether the
driver has selected the regeneration operating mode for
the powertrain assembly. If so, it can be seen that the
value of Temax is forced to zero in the step 1216c,
unless the driver, as is checked in the step 1216b,
performs a kickdown maneuver by which he significantly
and quickly increases the requested torque. This
maneuver normally corresponds to a rapid depression of

the accelerator pedal.
In this case, or in the case of a negative response to

the test of step 1216a, the value Temax is set in the
step 1216d to the smaller of the wvalues:

- PbatmaxD x %w

BMW1012
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~ Tel _traction_max.

The task 1220 for calculating torque set points Te_ref
and Th _ref illustrated in figure 3I comprises two sub-
tasks 1221  and 1222 which will be described
respectively in light of figures 3J and 3K. The subtask
1221 consists in calculating an intermediate value
Th_ref int. For this, a value Th_refl, which is equal
to the greatest of the following three values:

- h_running x Trequested

- h_regeneration x Th_maximum

- h_recovery x Th optimal,

is first of all determined in the step 1221a.

In the step 1221c, this variable Th refl is filtered by
a low-pass type first-order filter to give the

intermediate variable Th_ref int.

The step 1222 for adjusting Te ref and Th_ref will now
be described with reference to figure 3K. In the step
1222a, the value of Th ref is first of all set to the
value Th_ref int determined above. Then, in the step
1222b, a check is made to see whether this wvalue 1is
greater than the value Thmax. If it is, in the step
1222¢c, Ct_ref is forced to the value Thmax and Rh upper
is forced to the value zero. If not, in the step 1222d,
the value of Rh upper is set to the difference of
Thmax-Th_ref.

In both cases of response to the step 1222b, a check is
then carried out in the step 1222e to see whether the
value of Th _ref is lower than the value of Thmin. If it
is, in the step 1222f, Th _ref is forced to the value
Thmin and Rh_lower is forced to zero. If not, Rh_lower
is set to be equal to the difference between Th_ref and
Thmin in the step 1222g.

BMW1012
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In both cases of response to the step 1222e, Th_ref is
then forced to the value Treq-Th_ref, Re_upper is
forced to the value Temax-Te ref and the variable
Re lower is forced to the value Te_ref-Temin in the

step 1222h.

Then, in the step 12221, a check is made to see whether
the value of Re_upper is negative. If not, the
procedure goes direct to the step 12220. If it is, in
the step 1222j, the variable D upper is set to the
value Rh upper+Re upper, the variable Te_ref is set to
the value Temax, the value of Re_upper is set to zero
and the variable Re_lower is set to the value of the
difference between Temax and Temin. Then, in the step
1222k, a check is made to see whether the value D upper
is negative. If it is, in the step 12221, the variable
Th ref is set to the value Th max and the variable
Rh upper is set to zero; otherwise, in the step 1222m,
the variable Th ref is set to the value Thmax-D upper

and the variable Rh_upper is set to the value D _upper.

In both cases of response to the step 1222k, and in the
case of a negative response to the test of step 12221,
a check is then made in the step 12220 to see whether
the variable Re lower is negative. If it is, in the
step 1222p, the variable D_lower is set to the value
Rh_lower+Re lower, the variable Te _ref is set to be
equal to the value Temin, the variable Re upper is set
to be equal to the difference of Temax minus Temin and
the variable Re_lower is set to the value zero.

Then, in the step 1222q, a check is made to see whether
the variable D lower is negative. If it is, in the step
12225, the variable Th ref is set to be equal to the
value Th min and the variable Rh_lower is set to the
value zero. If not, the variable Th ref is set to be
equal to the wvalue Thmin+D lower and the variable

Rh_lower is set to be equal to the value D lower.

BMW1012
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If not, the procedure goes direct to the end of the
task.

As can be seen from the detailed description of this
first hybrid vehicle management strategy, when the
driver has selected the hybrid operating mode for the
powertrain assembly, the starting of the heat engine is
requested, in the task 1130, if one of the variables
battery mode hyst and torque_mode hyst is equal to the
value "hybrid". If neither one nor the other is set to

the value "hybrid", the heat engine is stopped.

Thus, it can be deduced from step 1213 that the heat

engine can start 1f the driver commands a torque

requested of the wheel that is high enough for the

variable Trequested filterl to be greater than the high

. threshold level Thigh. Similarly, it can be deduced

from thé steps 1122 and 1121 that the heat engine is

started when the state of charge of the battery falls

below a lower threshold level. However, with this first @ M“\ng
strategy, the stopping of the heat engine is provokedag, “mw44wﬁd?
only when both the conditions of the step 1114 and of

the step 1123 are satisfied, that is, when the battery

reaches a state of charge greater than a higher
threshold 1level and when, at the same time, the
instantaneous and average filtered values of the torque

requested by the driver are less than a low threshold

level. T o T———

Thus, according to this strategy, it can be seen that
the decision to start the heat engine depends in
particular on the state of charge of the battery, the
instantaneous torque requested by the driver and the

average torque requested by the driver.

It can also be observed that, when the powertrain
assembly is operating in hybrid mode, the wvalue of the
torque Th _ref which will be requested of the heat
engine depends on the variables h_running E““%MMMO12
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h recovery determined by the tasks 1110 and 1120. Thus,
when the state of charge of the battery has previously
fallen below a low threshold level and has not yet
exceeded a high threshold level, the outcome of the
task 1120 is that the value of h_recovery is equal to 1
such that the intermediate value Th refl calculated in
the step 1221b cannot be lower than the torque
Ct_optimal supplied by the engine when it is ordered in
optimal efficiency conditions. The value Th ref of the
set point torque imposed on the heat engine cannot
therefore fall below a level corresponding to this

optimal torque.

However, again when the driver has selected the hybrid
operating mode for the powertrain assembly, the outcome
of the task 1110 is that, when the condition of the
step 1112 has been satisfied and that of the step 1114
has not, the wvalue of the variable h_running is equal
to 1 so that, in these conditions, the value of Th refl
calculated in the step 1221b cannot be less than the

torque requested by the driver.

Moreover, the outcome of the task 1222 is that if the
filtered value Th_ref int of the torque requested by
the driver exceeds the threshold Thmax of the torque
able to be supplied by the heat engine, the electric
engine is required in the step 1222h to supply the
lacking torque, and this within the limits of the
capabilities of the electric engine and the battery.

There now follows a description, with reference to
figures 4A to 4H, more particularly of a second
strategy for managing a hybrid vehicle according to the
invention intended more specifically for a series type
hybrid vehicle. This second strategy uses a series of
variables that are listed and explained in the table
below.

Notation Meaning UnitsB

W1012
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Trequested or Torque requested by the driver (positive for N
Treq acceleration, negative for deceleration)
Te_ref Torque set point of the electric engine (positive for Nﬁ
traction, negative for regenerative braking)
Difference T Difference between Tref and Trequested Nm
Service_ Filtered value of Difference T Nm
difference
Difference soc Difference between soc_and soc ref %
GE_requested Request to start or stop the heat engine for driving the Boolean
electricity generator
Ibat Current output by the battery (discharge: positive, A
charge: negative)
Ige Current output by the electricity generator (positive) A
Mode_ selected Operating mode selected by the driver (electric, hybrid -
or regeneration)
N Rotation speed of the electric engine rad/s
Pbat_requested Power requested of the traction battery (discharge: w
positive, charge: negative)
Pbat possible Proportion of Pbat requested that the battery can supply W
PbatmaxD Maximum discharge power of the traction battery W
(positive)
PhatmaxR Maximum charge power of the traction battery (negative) W
Pel Power absorbed by the electric engine (traction: W
pusitive, regenerative braking: negative)
Pel requested Electrical power required to supply Crequested W
Pel filterA Rapid response time filtered value of Pel W
Pel filterB Slow response time filtered value of Pel W
Pel possible Proportion of Pel requested that the system can supply W
Pge regA Intermediate estimate of the Pge ref wvalue W
Pge_regB Value of the power requested of the electricity generator W
determining
Stop GE requested and start GE requested
Pge max Maximum power that the electricity generator can supply W
Pge min Minimum power that the electricity generator can supply W
Pge ref Power set point of the electricity generator W
Pmec Mechanical power supplied by the electric engine W
Pmec_requested Mechanical power to be supplied corresponding to W
Trequested
BMW1012
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Pmin Absolute value threshold of the power below which R is 1
not calculated

Pengine max Maximum power that the electric engine can absorb or W
restore

R Efficiency of the electric engine used as a generator -

R filter Filtered value of R -

s0C State of charge of the traction battery 3

soc_ref Reference state of charge of the traction battery %

U Traction battery voltage %

As can be seen in figure 4A, the central management
unit of the powertrain assembly is required to execute
three main tasks. The first 2100 of these tasks
consists in this case in determining the torque set
point of the electric engine. It is executed, for
example, every 40 milliseconds, that is, at a frequency
of 25 hertz. The second task 2200, which consists in
deciding to start or stop the heat engine, is executed
in parallel. 1Its interval 1is one second and its

frequency is 1 hertz.

There is also a third main task 2300, which is also
executed in parallel, and during which the power set
point of the &electricity generator Pge ref is
determined. 1Its execution period 1is, for example,
500 milliseconds, corresponding to a frequency of
2 hertz to take account of the inertia of the assembly
formed by the heat engine and the generator.

The first of these main tasks is described with
reference to figure 4B. As can be seen in this figure,
the task 2100 for determining the torque set point of
the electric engine Te_ref begins with the execution of
the sub-task 2110 for <calculating the necessary
electrical power Pel requested.

This sub-task is described with reference to figure 4C.
First of all, in the step 2111, the value Pel of the

power absorbed by the electric engine is determined BMW1012
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This power is positive when the engine is driving the
vehicle and is negative when, during a slowing down of
the vehicle, the electric engine is used as a generator
to charge the battery 16. This value Pel is equal to
the voltége of the electrical power supply network
multiplied by the sum of the currents supplied by the
battery on the one hand and by the electricity

generator on the other hand.

fn the step 2112, the mechanical power supplied by the
electric engine Pmec is defined as being the product of
the set-point torque Te_ref multiplied by the rotation
speed N of the electric engine 12. In the step 2113,
the mechanical power requested Pmec_requested is
defined as being equal to the torque Trequested by the
driver multiplied by the rotation speed N of the
electric engine. In the step 2114, it is determined
whether the absolute value of the mechanical powexr Pmec
is greater than a threshold wvalue Pmin. If it is, in
the step 2115, an efficiency of the electric engine is
defined which is equal to the absolute value of the
ratio of the -electrical power Pel divided by the
mechanical power Pmec. If not, the wvalue of this
efficiency is set arbitrarily to 1 in the step 2116.

In the step 2117, a filtered value R filter of this
efficiency is determined, for example using a first

order filter.

In the step 2118, the electrical power requested
Pel requested is determined as being the product of the
filtered value of the efficiency multiplied by the

mechanical power requested.

The execution of the task 2100 for determining the
torque set-point for the electric engine is then
continued in the step 2101 during which a check is made
to see whether the absolute value of the electrical

power requested is greater than a threshold level Pmin gpmwi1012
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If not, the set-point torque Te ref is set to be equal
to the torque requested by the driver. If it is, the
power Pge supplied by the generator is first of all
determined. If the latter is outputting a current Ige,

this power is U times Ige.

In the step 2103, the traction power that the battery
16 must supply is calculated. This value Pbat requested
is equal to the electrical power needed to supply the
torque requested minus the power supplied by the
generator. In the step 2104, the power able to be
supplied by the battery is determined as being the
minimum value between the two following two values:

- the maximum discharge power of the battery (PbatmaxD)

and

-

- the minimum value between:

* the power requested of the battery
(Pbat_requested) ;

* the maximum charge power of the battery (PbatmaxR).

In the step 2105, the electrical power that the system
must supply is then determined, this wvalue being the
smaller of the following two values:

- the maximum power of the heat engine Pengine max; and

- the sum of the power able to be supplied by the
battery (Pbat_possible) and the power supplied by the
generator Pge.

Then, in the step 2106, the reference torque Te_ref is

" determined as being the product of the torque requested

by the driver multiplied by the ratio of the electrical
power that the system can supply divided by the

electrical power requested. BMW1012
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'The second main task 2200 of this second hybrid vehicle
management strategy consists in deciding to start or
stop the heat engine. As can be seen in figure 4C, this
task 2200 begins with the execution of the task 2310 to
calculate the charge power of the battery which is
illustrated in figure 4G. As can be seen in this
figure, in the steps 2312, 2313, 2314, a reference
state of charge Soc_ref is determined according to the
§§§§5€Iﬁ§”§€§§‘§233cted by the driver of the vehicle.

s

In the step 23157ﬂ a difference wvalue between this

reference state of charge Soc_ref and the real state of
charge 1is determined. In the step 2316, the battery
power requested is defined as being a filtered value of
this difference, for example wusing a first order

filter.

However, in the step 2317, a check is made to ensure
that this calculated battery charge power value does
not exceed the limiting battery charge and discharge
powers, in which case the battery charge power is
forced to one of these limit values.
4D)

The task for deciding to starty‘or stop the heat engine
then continues at step 2201 in which the electrical
power Pel is determined in the same way as seen above
in the step 2111. This electrical power is filtered by
a first order filter to obtain, in the step 2202, the
variable Pel filterB.

A calculation is then made to work out the difference
between the torque requested by the driver and the
torque actually applied to the drive wheels by the
electric engine. This calculation of the wvalue
service_difference is the subject of the task 2210
illustrated in figure 4E in which it can be seen that
this value is obtained by filtering, through a first
order filter, the difference between the torque

BMW1012
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requested by the driver Trequested and the torque

supplied by the electric engine Te_ref.

The task for deciding to start or stop the heat engine
continues with the step 2203 by determining the value
of the power requested of the electricity generator
Pge reqB. This value is equal to the weighted sum of
the previously calculated values Pbat requested,
Pel filterB and Service difference. In the step 2204, a
check is made to see whether this value Pge_reqB is
greater than a threshold value Pge min and if, at the
same time, the operating mode selected by the driver is
other than the electric engine mode. If this dual
condition 1is satisfied, then the boolean variable
GE_requested is forced to the value "true" and the heat
engine is then started to supply the electric current.
If not, if the dual condition of the step 2204 is not
satisfied, the variable GE requested is forced to the
value "false" in the step 2206 so that the heat engine

is ordered to stop.

When the heat engine is started, it is then possible to
control it so that it drives the electricity generator
so that the latter produces a sufficient power. To this
end, in the task 2300, a power set point value of the
electricity generator Pge ref is calculated. This task,
illustrated in figure 4F, begins with execution of the
lower level task 2310 which was described previously
and consists in calculating the battery charge power.
Then, in the step 2301, the electrical power Pel
absorbed by the electric engine is calculated, in the
same way as was seen in the steps 2201 and 2111. This
value is then filtered in the step 2302, for example
via a first-order filter, to give an intermediate value
Pel filterA. 1In the step 2303, the weighted sum
Pge_reqA of the battery charge power Pbat requested is
determined with the value Pel filterA calculated in the
step 2302. In the step 2304, the set-point power of the

electricity generator Pge ref is defined as being theyuv1012
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smaller of the value Pge redqA, calculated in the step
2303, and the maximum power able to be supplied by the

generator Pge max.

As can be seen in the steps 2203, 2204, 2205 and 2206,
the decision to start the heat engine depends in

particular on the following three parameters:

- the state of charge of the battery, because the value
Pbat_requested is calculated in particular according to
the difference between the real state of charge of the
battery and a reference state of charge (see steps
2315, 2316, 2317);

~ the motive torque requested, because the wvalue
Service _difference depends naturally on this requested
torque (see steps 2211 and 2212); and

- the difference between the service supplied by the
system and that requested by the driver.

BMW1012
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CLAIMS

A motor vehicle with hybrid motorization, of the
type in which a powertrain assembly comprises an
electric engine (12) and a heat engine (10) which
are able to contribute to the driving of the
vehicle, and of the type in which a central
management unit- executes a first task (1200, 2100)
comprising determining the torque that each engine
must supply for the powertrain assembly to supply
the vehicle with a motive torque conforming to a
torque requested (Trequested) by the driver of the
vehicle, and of the type wherein the heat engine
(10) is able to be stopped, the vehicle then being
driven only by the electric engine (12) powered by
electric current from a battery (16),

characterized in that, at least for certain
(hybrid) operating modes of the powertrain
assembly, the central unit executes a second task
(1100, 2200) during which it.is decided to stop or
start the heat engine, in that the first task and
the second task are executed in parallel and in
that the frequency of execution of the second task
is less than that of the first task.

The motor vehicle as claimed in claim 1,
characterized in that the driver can impose on the
powertrain assembly an electric operating mode in
which the heat engine (10) is stopped.

The motor vehicle as claimed in either of the
preceding claims, characterized in that the driver
can impose on the powertrain assembly a
regeneration operating mode in which the heat
engine (10) is used in particular to charge the
battery (16).

BMW1012
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The motor vehicle as claimed in any one of the
preceding claims, characterized in that the driver
can impose on the powertrain assembly a hybrid
operating mode in which the central unit executes
the second task during which it is decided to stop

or start the heat engine.

The motor vehicle as claimed in claim 4,
characterized in that the decision to stop or
start the heat engine (10) is taken in particular
according to a state of charge (battery gauge,
soc) of the battery (16).

The motor vehicle as claimed in claim 65,
characterized in that the starting of the heat
engine (10) is decided or confirmed when the state
of charge (battery gauge) of the battery (16) is
less than . a low threshold level
(gauge_low threshold), and in that the stopping of
the heat engine (10) is able to be decided or
confirmed when the state of charge of the battery
is greater than a high threshold level
(gauge_low_threshold).

The motor vehicle as claimed in any one of claims
4 to 6, characterized in that the decision to stop
or start the heat engine (10) is taken in
particular according to the instantaneous torque
(Trequested filterl) requested by the driver.

The motor vehicle as claimed in any one of claims
4 to 7, characterized in that the decision to stop
or start the heat engine (10) is taken in
particular according to the average torque
(Trequested filter2) requested by the driver
during a predetermined time interval preceding the
decision.

BMW1012
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The motor vehicle as claimed in claim 7 taken in
combination with claim 8, characterized in that
the starting of the heat engine (10) is decided or
confirmed when the instantaneous torque

™ f 1 CctI 1) RN PRI ¢ == el - nu::o:o
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greater than a high threshold level (Thigh), and

in that the stopping of the heat engine (10) is

able to be decided or confirmed when the

-]

instantaneous torque (Trequested filterl) and the
average torque (Trequested filter2) requested by
the driver are less than a low threshold level
(Tlow) .

The motor vehicle as claimed in claim 6 taken in
combination with claim 9, characterized in that
the stopping of the heat engine (10) is decided or

‘confirmed. when, at the same time, the state of

charge (battery gauge) of the battery (16) is
greater than a high threshold level
(gauge high_ threshold) and the instantaneous
torque (Trequested filterl) and the average torque
(Trequested filter2) requested by the driver are
less than a low threshold level (Tlow).

The motor vehicle as claimed in any one of claims
4 to 10, characterized in that the decision to
stop or start the heat engine (10) is taken in
particular according to a difference
(Service difference) between the torque requested
(Trequested) by the driver and the torque actually
supplied by the powertrain assembly.

The motor vehicle as claimed in any one of the
preceding claims taken in combination with at
least one of claims 2 to 4, characterized in that
during operation of the operating mode selected by
the driver, a charge set point level (soc_ref) of

Fhm bhatrbmarer 1T6Y T FiuvmAd
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The motor vehicle as claimed in any one of the
preceding claims, characterized in that the
powertrain assembly is a series hybrid assembly in
which the drive wheels of the vehicle are driven
exclusively by the electric engine (12) which is
powered by electric current from the battery (16)
which is charged by a generator (16) driven by the
heat engine (10).

The motor vehicle as claimed in claim 13 taken in
combination with claim 12, characterized in that
the electrical power (Pbat requested) to be
supplied to the battery (16) is determined
according to a difference (Difference_soc) between
the real (soc) and reference (soc_ref) states of
charge of the Dbattery, taking into account
limiting charge (PbatmaxR) and discharge

(PbatmaxD) power values of the battery (16).

The motor vehicle as claimed in claim 14,
characterized in that the starting of the heat
engine (10) is determined according to the
electrical power (Pbat requested) to be supplied
to the battery (16), the electrical power absorbed
(Pel_filterB) by the electric engine (12) and
according to a difference (Service_difference)
between the value of the torque requested by the
driver and the value of the torque supplied by the

electric engine (12).

The motor vehicle as claimed in claim 14 or 15,
characterized in that a set point level (Pge ref)
for the power supplied by the generator (26) is
determined according to the real power (U*Ige)
supplied by the generator (26), the real power
(U*Ibat) supplied by the battery (16), and the
power (Pbat_requested) to be supplied to the
battery (16), taking into account the maximum

BMW1012
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power (Pge _max) able to be supplied by the
generator (26).

The motor vehicle as claimed in any one of the
preceding claims 13 to 15, characterized in that a
necessary electrical power (Pel requested) is
determined according to the motive torque
(Crequested) requested by the driver, taking into
account, at least when this torque 1is greater as
an absolute value than a minimum value, the

efficiency of the electric engine (R).

The motor vehicle as claimed in claim 16,
characterized in that a set point wvalue (Tref) for
the torque supplied by fhe electric engine (12) is
determined according to the motive torque
requested by the driver multiplied, at least when
the necessary electrical power (Pel requested) is
greater as an absolute value than a threshold
value (Pmin), by the ratio of the electrical power
(Pel possible) able to be supplied to the electric
engine (12) divided by the necessary electrical
power (Pel possible), the electrical power
(Pel possible) able to be supplied to the electric
engine (12) taking into account the necessary
electrical power (Pel requested), the real power
(Pge) supplied by the generator, the power
(Pbat_possible) able to be supplied by the battery
(16), and the maximum power (Pengine_max) able to

be absorbed by the engine.

The motor vehicle as claimed in any one of claims
1 to 12, characterized in that the powertrain
assembly is a parallel hybrid assembly in which
the electric engine (12) and the heat engine (10)
each drive either at least one and the same drive
wheel or different drive wheels.
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23.
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The motor vehicle as claimed in claim 19 taken in
combination with c¢laim 3, characterized in that
when the powertrain assembly is operating in
regeneration mode, the electric engine (10)
delivers a motive torque only if the driver
provokes an abrupt rise in the requested torque
(kickdown) .

The motor vehicle as claimed in either of claims
19 and 20, taken in combination with claim 3,
characterized in that when the powertrain assembly
is operating in regeneration mode, the heat engine
(10) is ordered to supply a maximum torgue

(Th_maximum) .

The motor vehicle as claimed in any one of claims
19 to 21 taken in combination with claim 4,
characterized in that when the powertrain assembly
is operating in hybrid mode and the state of
charge (battery gauge) of the battery (16) has
previously fallen below a low threshold level
(gauge_low_threshold) and has not yet exceeded a
high threshold level (gauge_high threshold), the
heat engine (10) is ordered to supply a set point
torque (Th_refl) at least equal to an optimum
torque (Th_optimal) corresponding to optimal

efficiency conditions of the heat engine.

The motor vehicle as claimed in any one of the
preceding claims 19 to 22 taken in combination
with claim 4, characterized in that when the
powertrain assembly is operating in hybrid mode
and the instantaneous torque (Trequested filterl)
requested by the driver has previously risen above
a high threshold 1level (Thigh) without returning
below a low threshold level (Tlow) at the same
time as the average level (Trequested filter2) is
less than the low threshold level (Tlow), the heat

. : d i
engine (10) is ordered to supply a set point, 1012
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torque at least equal to a filtered value of the

torque requested by the driver.

The motor vehicle as claimed in any one the
preceding claims 19 to 23, characterized in that,
if a filtered value (Th_ref int) of the torque
requested by the driver 1is greater than the
maximum torque (Th max) of the heat engine (10),
the electric engine (12) is required to supply,
wherever possible, the quantity of torque lacking
(Treq - Thref).
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1160 1200
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Decision to start the electric engine Te_ref
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1100

Decision to start or stop
the heat engine

1101
Trequested_filter1

=

1102
Trequested_filter2

y
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Determination of h_running
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1120
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FIG.3B

Determination of h_regeneration,
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Heat engine no
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1104

" h_running=0

yes " h_regeneration=0
h_recovery=0
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1110
Determination of h_running .

1
Tlow=C1+C2*battery_gauge
Thigh=C3+C4"battery_gauge

Trequested_filter1>Thigh?

yes:1

113

. torque_mode_hyst=hybrid

Trequested_filter1<Tlow
and
! Trequested_filter2<Tlow
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. torque_mode_hyst=Electric

e

I

FIG.3C
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1130

Determination of h_regeneration,
request_electric and request_heat

1131

faccording io mode_selected

Electric case
torque_mode_hyst=Electric
battery_mode_hyst=Electric
request_electric=TRUE
request_heat=FALSE
h_regeneration=0

Hybrid case

request_electric=TRUE

if (battery_mode_hyst=hybrid or

torque_mode_hyst=hybrid)
request_heat=TRUE

else
request_heat=FALSE

end if

h_regeneration=0

Regeneration case
torque_mode_hyst=hybrid
battery_mode_hyst=hybrid
request_electric=TRUE
request_heat=TRUE
h_regeneration=1

end according to

REPLACEMENT SHEET (RULE 26)

FIG.3E
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Determination of the electric
engine torque Te_ref and
the torque set point of the

heat engine Th_ref

1210 _
Determination of the limiting electric :
engine torques Temax, Temin .
and heat engine torques M
Thmax, Thmin '

- 1220
_Calculation of Te_ref and Th_ref
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Determination of the limiting electric engine
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torques Thmax, Thmin
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1

1215
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Calculation of Te_ref and Th_ref

1221

Calculation of intermediate
heat engine torque set point:
Th_ref_int

“1222.-.
Adjustment of Te_ref and Th_ref

FIG.31
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1221
Calct:llation of intermediate heat
engine torque set point.
Th_ref_int

1221a

Th_ref1=max(h_running*Trequested,
h_regeneration*Th_maximum, h_recovery*Th_optimal)

“1221b
Th_ref_int(t+T)

FIG.3]
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Adjustment of Te_ref and Th_ref
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Th_ref=Th_ref_int

1222d
Rh_upper=Thmax-Th_ref
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Rh_upper=0

|
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1
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—
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I
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End
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( 2100
"Determination of the torque set point
for the electric engine
Te_ref

2110 .
Caleulation of the necessary electrical power
Pel_requested

R

- 2101
abs(Pel_requested)>Pmin?.

no .

FIG.4B

yes

{..
2102 -

Pge=U*ige

263
: Pbat_requested=Pel_rgqugsted-Pge

L. 4 2107

2104 , Te_ref_Trequested
Pbat_possible=min(Pbatmaxd, :
max(Pbat_requested,PbatmaxR))

2105
Pel_possible=min(Pengine_max, Pbat_possible+Pge)

2105
Te_ref=(pel_possible/Pel_requested)*Trequested
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2110
Calculation of the necessary

electrical power Pel_requested

2111
Pel=U*(Ibat +ige)

]

2112
Pmec=Te_ref

2113
Pmec_requested=Trequested*N |

2114
abs(Pmec)>Pmin?

R R , 21181 -
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| e
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2118
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FIG.4C
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( 2200
Decision to start/stop the

electricity generator

2310 _
Calculation of the requested battery -
charge power Pbat_requested

{

2201
Pel=U*(Ibat +Ige)
i .
2202
Pel_filterB

!

. 2210
Calculation of the difference between the
torque requested by the driver and the
torque actually applied:
Service_difference

i

- 2203

Pge_reqB=c*Pbat_requested+d*Pél__fiIterB+e*Service_,difference

2204
- Pge_reqB>Pge_min
and _Mode_selected<>Electric’?

995 no
i I
- 2205 2208

FIGAD

R GE_(equested=TRUE 4 | GE_requested=FALSE

End
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. 2210
. Calculation of the difference between the
torque requested by the driver and
the torque actually applied:
Service_difference

2211
Difference_T=TRequested-Te_ref

2212
Service_difference

1=
m
N
m.
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Determination of the power set
point for the electric generator
Pge_ref

2310

Calculation of the battery charge
power requested
Pbat_requested

70l
Pel=U*(ige+Ibat)-

2302
Pel_filterA

D
Pge_reqA=a*Pbat_requested+b*Pel_filterA

T 2304 i
Pge_ref=min(Pge_max,Pge_reqA) |

FIG.AF
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Calculation of the battery
charge power requested:

Pbat_requested

2311

Mode_selected?
Electric Regeneration
Hybrid
2312 . 2313 2314
soc_ref=E% soc_ref=H% soc_ref=R%
2315
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.- 2316
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L 2317 4 o
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End
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In translating the above text we have noted the following apparent errors/unclear

passages:
Page/line* Comment
4/26 “et en ce que l’arrét...” should read “et 1l’arrét
5/7-8 ce”
12 “Seuil Faut de jauge” — “Seuil haut de jauge”
(table)
14/6 "valeur booléenne hyst mode couple" should read
"variable booléenne M
14/11-12 "valeur booléenne th_roulage" should read
"variable booléenne U
14/30 "la valeur th_récupération" should read "la
variable th_récupération”
15/12 "variable « électrique »" should read "valeur
« électrique »"
29/19 "seuil jauge_ bas" should perhaps read
"seuil jauge_haut"” ‘
5/21 "en fonctionnement du mode de ..." should perhaps
30/25-26 read "en fonction du mode de ..."

* This identification refers to the source téxt‘ Please note that the first paragraph is taken to be, where relevant, the end portion of a
paragraph starting on the preceding page. Where the paragraph is stated, the line number relates to the particular paragraph.
Where no paragraph is stated, the line number refers to the page margin line number.
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(57) A power output apparatus (20) of the invention
includes an engine (50), a clutch motor (30), an assist
motor (40), and a controller (80) for controlling the
clutch motor (30) and the assist motor (40). In response
to an engine stop signal to stop operation of the engine
(50), the controller (80) successively lowers a torque
command value of the clutch motor (30) and a target
engine torque and a target engine speed of the engine
(50) to make the engine (50) kept at an idle. The assist
motor (40) is controtled to use power stored in a battery
(94) and make up for a decrease in torque output to a
drive shaft (22) accompanied by the decrease in torque
command value of the clutch motor (30). When the
engine (50) falls in the idling state, supply of fuel into the
engine (50) is stopped to terminate operation of the
engine (50). In this state, the drive shaft (22) is driven
and operated only by the torque of the assist motor (40),
which is generated by the power stored in the battery
(94). This control procedure can stop the engine (50)
without varying the torque output to the drive shaft (22).

Hybrid vehicle power output apparatus and method of controlling the same at engine idle

Fig. 1
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Description
BACKGROUND OF THE INVENTION
Field of the invention

The present invention generally relates to a power output apparatus and a method of controlling the same. More
specifically, the invention pertains to a power output apparatus for efficiently transmitting or outputting a power from an
engine to a drive shaft and a method of controlling such a power output apparatus.

Description of the Related Art

In proposed power output apparatuses mounted on a vehicle, an output shaft of an engine is electromagnetically
connected to a drive shaft linked with a rotor of a motor via an electromagnetic coupling, so that power of the engine is
transmitted to the drive shaft (as disclosed in, for example, JAPANESE PATENT LAYING-OPEN GAZETTE No. §3-
133814). When the revolving speed of the motor, which starts driving the vehicle, reaches a predetermined level, the
proposed power output apparatus supplies an exciting current to the electromagnetic coupling in order to crank the
engine, and subsequently carries out fuel injection into the engine as well as sparkignition, thereby starting the engine
and enabling the engine to supply power. When the vehicle speed is lowered and the revolving speed of the motor
decreases 1o or below the predetermined level, on the other hand, the power output apparatus stops the supply of excit-
ing current to the electromagnetic coupling as well as fuel injection into the engine and spark ignition, thereby terminat-
ing operation of the engine.

In the known power output apparatus described above, the torque output to the dnve shaft is significantly varied at
the time of starting and stopping the engine. This results in a rough ride. At the time of starting the engine, the torque
output from the motor is used to crank the engine, and the torque output to the drive shatft is decreased by the amount
required for cranking. At the time of stopping the engine, the supply of exciting current is stopped while the power from
the engine is transmitted to the drive shaft via the electromagnetic coupling, and the torque output to the drive shaft is
decreased by the amount of power transmitted from the engine. Such a fall in output torque occurs unexpectedly since
the driver does not determine the timé of starting or stopping the engine. Compared with the expected variation, the
unexpected variation in output torque to the drive shaft gives a greater shock to the driver, thereby resulting in a rough
drive.

SUMMARY OF THE INVENTION

The object of the invention is thus to provide a power output apparatus which can transmit or output a power from
an engine to a drive shaft at a high efficiency.

Another object of the invention is to stop the engine without varying the torque output to the drive shaft, and a
method of controlling such a power output apparatus.

The above and other related objected are realized at least partly by a first power output apparatus for outputting a
power to a drive shaft. The first power output apparatus comprises: an engine having an output shatft; engine driving
means for driving the engine; a first motor comprising a first rotor connected with the output shaft of the engine and a
second rotor connected with the drive shaft, the second rotor being coaxial to and rotatable relative to the first rotor,
whereby power is transmitted between the output shatt of the engine and the drive shaft via an electromagnetic con-
nection of the first rotor and the second rotor; a first motor-driving circuit for controlling degree of electromagnetic con-
nection of the first rotor and the second rotor in the first motor and regulating rotation of the second rotor relative to the
first rotor; & second miotor connected with the drive shaft; a second motor-driving circuit for driving and controlling the
second motor; a storage battery being charged with power regenerated by the first motor via the first motor-driving cir-
cuit, being charged with power regenerated by the second motor via the second motor-driving circuit, discharging power
required to drive the first motor via the first motor-driving circuit, and discharging power required to drive the second
motor via the second motor-driving circuit; power decrease signal detection means for detecting power decrease signal
to decrease power output from the engine; driving circuit control means for, when the power decrease signal detection
means detects the power decrease signal, controlling the first motor-driving circuit in response to the signal to gradually
decrease the degree of electromagnetic connection of the first rotor with the second rotor in the first motor and control-
fing the second motor-driving circuit to enable the second motor to use power stored in the storage battery and make
up for a decrease in power transmitted by the first motor accompanied by the decrease in degree of electromagnetic
connection; and engine power decreasing means for controlling the engine driving means to decrease the power output
from the engine with the decrease in the degree of electromagnetic connection of the first rotor with the second rotor
accomplished by the driving circuit control means.
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Thefirst power output apparatus of the invention can efficiently transmit or output the power from the engine to the
drive shaft by the functions of the first and the second motors. In response to the power decrease signal, the degree of
electromagnetic coupling of the first rotor with the second rotor in the first motor is gradually decreased. The second
motor is then controlled to make up for the decrease in transmitted power, which is accompanied by the decrease in
degree of electromagnetic coupling, with the power stored in the secondary cell. This structure effectively decreases
the power output from the engine without varying the power output to the drive shaft.

In accordance with one aspect of the first power output apparatus, the power decrease signal detection means
comprises means for detecting an engine stop signal to stop operation of the engine, and the engine power decreasing
means comprises means for controlling the engine driving means to stop supply of fuel into the engine and terminate
operation of the engine when the driving circuit control means releases the electromagnetic connection of the first rotor
with the second rotor in the first motor.

In accordance with one aspect, the present invention is directed to a second power output apparatus for outputting
a power to a drive shaft. The second power output apparatus comprises: an engine having an output shaft; engine driv-
ing means for driving the engine; a complex motor comprising a first rotor connected with the output shaft of the engine,
a second rotor connected with the drive shaft being coaxial to and rotatable relative to the first rotor, and a stator for
rotating the second rotor, the first rotor and the second rotor constituting a first motor, the second rotor and the stator
constituting a second motor; a first motor-driving circuit for driving and controlling the first motor in the complex motor;
a second motor-driving circuit for driving and controlling the second motor in the complex motor; a storage battery being
charged with power regenerated by the first motor via the first motor-driving circuit, being charged with power regener-
ated by the second motor via the second motor-driving circuit, discharging power required to drive the first motor via the
first motor-driving circuit, and discharging power required to drive the second motor via the second motor-driving circuit;
power decrease signal detection means for detecting power decrease signal to decrease power output from the engine;
driving circuit control means for, when the power decrease signal detection means detects the power decrease signal,
controlling the first motor-driving circuit in response to the signal to gradually decrease the degree of electromagnetic
connection of the first rotor with the second rotor in the first motor and controlling the second motor-driving circuit to
enable the second motor to use power stored in the storage battery and make up for a decrease in power transmitted
by the first motor accompanied by the decrease in degree of electromagnetic connection; and engine power decreasing
means for controlling the engine driving means to decrease the power output from the engine with the decrease in the
degree of electromagnetic connection of the first rotor with the second rotor accomplished by the driving circuit control
means.

The second power output apparatus of the invention can efficiently transmit or output the power from the engine to
the drive shaft by the functions of the first motor, which consists of the first rotor and the second rotor of the complex
motor, and the second motor, which consists of the second rotor and the stator. In response to the power decrease sig-
nal, the degree of electromagnetic coupling of the first rotor with the second rotor in the first motor is gradually
decreased: The second motor is then controlled to make up for the decrease in transmitted power, which.is accompa-
nied by the decrease in degree of electromagnetic coupling, with the power stored in the secondary cell.. This structure
eftectively decreases the power output from the engine without varying the power output to the drive shaft. The struc-
ture including the first motor and the second motor integraily joined with each other realizes a compact power output
apparatus.

In accordance with one aspect of the second power output apparatus, the power decrease signal detection means
comprises means for detecting an engine stop signal to stop operation of the engine, and the engine power decreasing
means comprises means for controlling the engine driving means to stop supply of fue! into the engine and terminate
operation of the engine when the driving circuit control means releases the electromagnetic connection of the first rotor
with the second rotor in the first motor.

In accordance with another aspect, the invention is also directed to a third power output apparatus for outputting a
power to a drive shaft. The third power output apparatus comprises: an engine having an output shaft; engine driving
means for driving the engine; a first motor comprising a first rotor connected with the output shaft of the engine and a
second rotor connected with the drive shaft, the first motor being coaxial to and rotatable relative to the first rotor,
whereby power is transmitted between the output shatft of the engine and the drive shaft via an electromagnetic con-
nection of the first rotor and the second rotor; a first motor-driving circuit for controlling degree of electromagnetic con-
nection of the first rotor and the second rotor in the first motor and regulating rotation of the second rotor relative to the
first rotor; a second motor connectied with the output shaft of the engine; a second motor-driving circuit for driving and
controlling the second motor; a storage battery being charged with power regenerated by the first motor via the first
motor-driving circuit, being charged with power regenerated by the second motor via the second motor-driving circuit,
discharging power required to drive the first motor via the first motor-driving circuit, and discharging power required to
drive the second motor via the second motor-driving circuit; power decrease signal detection means for detecting power
decrease signal to decrease power output from the engine; engine power decreasing means for, when the power
decrease signal detection means detects the power decrease signal, controlling the engine driving means in response
to the signal to gradually decrease the power output from the engine; and driving circuit control means for controlling
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the first motor-driving circuit and the second motor-driving circuit to enable the first motor and the second motor to use
power stored in the storage battery and make up for the decrease in power output from the engine accomplished by the
engine power decreasing means.

The third power output apparatus of the invention can efficiently transmit or output the power from the engine to the
drive shaft by the functions of the first and the second motors. In response to the power decrease signal, the power out-
put from the engine is gradually decreased. The first motor and the second motor are then controlled to make up for the
decrease in power output from the .engine with the power stored in the secondary cell. This structure effectively
decreases the power output from the engine without varying the power output to the drive shaft.

In accordance with one aspect of the third power.output apparatus, the driving circuit control means comprises
meane for.controlling the tirst motor-driving circuit to enable the first motor to make up for a decrease in revolving speed
of the output shaft of the engine among the decrease in power output from the engine, and confrolling the second
motor-driving circuit to enable the second motor to make up for a decrease in torque among the decrease in power out-
put from the engine. In this structure, the power decrease signal detection means comprises meane for detecting an
engine stop signal to stop operation of the engine, and the engine power decreasing means comprises meane for con-
trolling the engine driving means to stop supply of fuel into the engine and terminate operation of the engine when the
power output from the engine becomes equal to zero.

In accordance with still another aspect, the invention also provides a fourth power output apparatus for outputting
a power to a drive shaft. The fourth power output apparatus comprises: an engine having an output shaft; engine driving
means for driving the engine; a complex motor comprising a first rotor connected with the output shatft of the engine, a
second rotor connected with the drive shaft being coaxial to and rotatable relative to the first rotor, and a stator for rotat-
ing the first rotor, the first rotor and the second rotor constituting a first motor, the first rotor and the stator constituting a
second motor;. a first motor-driving circuit for driving and controlling the first motor in the complex motor; a second
motor-driving circuit for driving and controlling the second motor in the complex motor;

a storage battery being charged with power regenerated by the first motor via the first motor-driving circuit, being
charged with power regenerated by the second motor via the second motor-driving circuit, discharging power required
to drive the first motor. via the first motor-driving circuit, and discharging power required to drive the second motor via
the second .motor-driving circuit; power decrease signal detection ‘means for detecting power decrease signal to
decrease-power. output from the engine; engine power decreasing means for, when the power decrease signal detec-
tion means detects-the power decrease signal, controlling the engine driving means-in response to the signal to grad-
ually decrease the power output from the engine; and driving circuit control means for controlling the first motor-driving
circuit and the second motor-driving circuit to enable the first motor and the second motor to use power stored in the
storage battery and make up for the decrease in power output from the engine accomplished by the engine power
decreasing means.

The fourth power output apparatus of the invention can efficiently transmit.or output the power from the engine to
the drive shaft by the functions of the first motor, which consists of the first rotor and the second rotor of the complex
motor, and the second motor, which consists of the first rotor and the stator. In response to the power decrease signal,
the power output-from the engine is gradually decreased. The first motor and the second motor are then controlied to
make up for the decrease in power output from the engine with the power stored in the secondary cell. This structure
effectively decreases the power output from the engine without varying the power output to the drive shaft. The struc-
ture including the first motor and the second motor integrally joined with each other realizes a compact power output
apparatus.

In accordance with one aspect of the fourth power output apparatus,the driving circuit control means comprises
means for controlling the first motor-driving circuit to enable the first motor to make up for a decrease in revolving speed
of the output shaft of the engine among the decrease in power output from the engine, and ‘controlling the second
motor-driving circuit to.enable the second motor to make up for a decrease in torque among the décrease in power out-
put from the-engine. In this structure.the power decrease signal detection means comprises means for detecting ‘an
engine stop-signal to stop operation of the engine, and the engine power decreasing means comprises means for con-
trolling the engine driving means to stop supply of fuel into the engine and terminate operation of the engine when the
power output from the engine becomes equal to zero.

The above objects are also realized at least partly by a first method of controlling a power output apparatus for out-
putting a power to a drive shaft. The first method comprises the steps of: (a) providing an engine having an output shaft;
engine driving means for driving the engine; a first motor comprising a first rotor connected with the output shaft of the
engine and a-second rotor connected with the drive shaft, the first motor being coaxial to and rotatable relative to the
tirst rotor, whereby power is transmitted between the output shaft of the engine and the drive shaft via an electromag-
netic connection of the first rotor and the second rotor; a second motor connected with the drive shaft; and a storage
battery being charged with power regenerated by the first motor, being charged with power regenerated by the second
motor, discharging power required to drive the first motor, and discharging power required to drive the second motor;
{b) detecting power decrease signal to decrease power output from the engine; (C) controlling the first motor in
response to the power decrease signal, to gradually decrease the degree of electromagnietic connection of the first rotor
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with the second rotor in the first motor; {d) controlling the second motor to enable the second motor to use power stored
in the storage battery and make up for a decrease in power transmitted by the first motor accompanied by the decrease
in degree of electromagnetic connection; and (e) controlling the engine driving means to decrease the power output
from the engine with the decrease in degree of electromagnetic connection of the first rotor with the second rotor
accomplished in the step (c).

In accordance with one aspect of the first method, the power decrease signal detected represents an engine stop
signal to stop operation of the engine, and the step (e) further comprises the step of controlling the engine driving
means to stop supply of fuel into the engine and terminate operation of the engine when the electromagnetic connec-
tion of the first rotor with the second rotor in the first motor has been decreased to a release position in response to the
engine stop signal.

In accordance with one aspect, the invention is also directed to a second method of controlling a power output
apparatus for outputting a power to a drive shaft. The second method comprises the steps of: (a) providing an engine
having an output-shatt; engine driving means for driving the engine; a first motor comprising a first rotor connected with
the output shaft of the engine and a second rotor connected with the drive shaft, the second rotor being coaxial to and
rotatable relative to the first rotor, whereby power is transmitted between the output shaft of the engine and the drive
shaft via an electromagnetic connection of the first rotor and the second rotor; a second motor connected with the out-
put.shaft of the engine; and a storage battery being charged with power regenerated by the first motor, being charged
with power regenerated by the second motor, discharging power required to drive the first motor, and discharging power
required to drive the second motor; (b) detecting power decrease signal to decrease power output from the engine; (¢)
controlling the engine driving means in response to the power decrease signal, to gradually decrease the power output
from the engine; and (d) controlling the first motor and the second motor to enable the first motor and the second motor
to use power stored in the storage battery and make up for the decrease in power output from the engine accomplished
in the step (¢).

In accordance with one aspect of the second method, the step (d) further comprises the steps of: (e) controlling the
first motor to enable thefirst motor to make up for a decrease in revolving speed of the output shaft of the engine among
the decrease in power output from the engine; and (f) controlling the second motor to enable the second motor to make
up for a decrease in torque among the decrease in power output from the engine.

These and other objects, features, aspects, and advantages of the present invention will become more apparent
from the following detailed description of the preferred embodiments with the accompanying drawings. ’

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view illustrating structure of a power output apparatus 20 as a first embodiment according-to

the present invention;

Fig: 2 is a cross sectional view illustrating detailed structures of a clutch motor 30 and an assist motor 40 included

in the power output apparatus 20 of Fig. 1;

Fig. 3 is a schematic view illustrating general structure of a vehicle with the power output apparatus 20 of Fig. 1

incorporated therein;

Fig. 4 is a graph showing the operation principle of the power output apparatus 20;

Fig. 5 is & flowchart showing a torque control routine executed by the controlier 80;

Fig. 6 is a flowchart showing essential steps of controlling the clutch motor 30 executed by the controller 80; -
+Figs. 7 and 8 are flowcharts showing essential steps of controlling the assist motor 40 executed by the controlier 80;
-Fig. 9 is a flowchart showing an engine stop-time torque control routine executed by the controller 80;
= Fig. 10 is a flowchart showing essential steps of controlling the assist motor 40 executed by the controller 80 when

the engine 50 stops operation;

Fig. 11 schematically illustrates a power output apparatus 20A as a modification of the first embodiment; -

Fig. 12 schematically illustrates structure of another power output apparatus 20B as a second embodiment accord-
. ing to the present invention;

Fig. 13 is a flowchart showing a torque control routine executed by the controller 80 in the second embodiment;

- Fig. 14 is a flowchart showing an engine stop-time torque control routine executed by the controller 80 in the sec-
ond embodiment;

+Fig. 15 schematically illustrates a power output apparatus 20C as a modification of the second embodiment; and
Fig. 16 schematically illustrates a power output apparatus 20D as another modification of the second embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS -
Fig. 1 is a schematic view illustrating structure of a power output apparatus 20 as a first embodiment according to

the present invention; Fig. 2 is a cross sectional view illustrating detailed structures of a clutch motor 30 and an assist
motor 40 included in the power output apparatus 20 of Fig. 1; and Fig. 3 is a schematic view illustrating a general struc-
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ture of a vehicle with the power output apparatus 20 of Fig. 1 incorporated therein. The general structure of the vehicle
is described first as a matter of convenience.

Referring to Fig. 3, the vehicle is provided with an engine 50 driven by gasoline as a power source. The air ingested
from an air supply system via a throttle valve 66 is mixed with fuel, that is, gasoline in this embodiment, injected from a
fuel injection valve 51. The air/fuel mixture is supplied into a combustion chamber 52 to be explosively ignited and
burned. Linear motion of a piston 54 pressed down by the explosion of the airfuel mixture is converted to rotational
motion of a crankshaft 56. The throttie valve 66 is driven to open and close by an actuator 68. An ignition plug 62 con-
verts a high voltage applied from an igniter 58 via a distributor 60 to a spark, which explosively ignites and combusts
the airffuel mixture.

Operation of the engine 50 is controlled by an electronic control unit (hereinafter referred to as EFIECU) 70. The
EFIECU 70 receives information from various sensors, which detect operating conditions of the engine 50. These sen-
sors include a throttle valve position sensor 67 for detecting the position of the throttie valve 66, a manifold vacuum sen-
sor 72 tor measuring a load applied to the engine 50, a water temperature sensor 74 for measuring the temperature of
cooling water in the engine 50, and a speed sensor 76 and an angle sensor 78 mounted on the distributor 60 for meas-
uring the revolving speed and rotational angle of the crankshaft 56. A starter switch 79 for detecting a starting condition
ST of an ignition key (not shown) is also connected to the EFIECU 70. Other sensors and switches connecting with the
EFIECU 70 are omitted from the drawings.

The crankshaft 56 of the engine 50 is linked with a drive shaft 22 via a.clutch motor 30 and an assist motor 40
(described later in detail). The drive shaft 22 further connects with a differential gear 24, which eventually transmits the
torque output from the drive shaft 22 of the power output-apparatus 20 to left and right driving wheels 26 and 28. The
clutch motor 30 and the assist mator 40 are driven and controlled by a controller 80. The controller 80 includes an inter-
nal control CPU and receives inputs from a gearshift position sensor 84 attached to a gearshift 82 and an accelerator
position sensor 65 attached to an accelerator pedal 64, as described later in detail. The controller 80 sends and
receives a variety of data and information to and from the EFIECU 70 through communication. Details of the control pro-
cedure including a communication protocol will be described later..

Referring to Fig. 1, the power output apparatus 20 essentially includes the engine 50, the clutch motor 30 with an
outer rotor 32 and an inner rotor 34, the assist motor 40 with a rotor 42, and the controller 80 for driving and controlling
the clutch motor 30 and the assist motor 40. The outer rotor 32 of the clutch motor 30 is mechanically connected to the
crankshaft 56 of the engine 50, whereas the inner rotor 34 thereof is mechanically linked with the rotor 42 of the assist
motor 40.

As shown in Fig. 1, the clutch motor 30 is constructed as a synchronous motor having permanent magnets 35
attached to an inner surface of the outer rotor 32 and three-phase coils 36 wound on slots formed in the inner rotor 34.
Power is supplied to the three-phase coils 36 via a rotary transformer 38. A thin laminated sheet of non-directional elec-
tromagnetic steel is used to form teeth and slots for the three-phase coils 36 in the inner rotor 34. A resolver 39 for
measuring a rotational angle.8e of the crankshaft 56 is.attached to the crankshaft 56. The resclver 39 may also serve
as the angle sensor 78 mounted on the distributor 60.

The assist motor 40 is also.constructed as a synchronous motor having three-phase coils 44, which are wound on
a stator 43 fixed to a casing 45 to generate a rotating magnetic field. The stator 43 is also made of a thin laminated
sheet of non-directional electromagnetic steel. A plurality of permanent magnets 46 are attached to an outer surface of
the rotor 42. In the assist motor 40, interaction between a magnetic field formed by the permanent magnets 46-and a
rotating magnetic field formed by the three-phasé coils 44 leads to rotation of the rotor 42. The rotor 42 is mechanically
linked with the drive shaft 22 working as the torque output shatft of the power output apparatus 20. A resolver 48 for
measuring a rotational angle 6d of-the drive shaft 22 is attached to the drive shaft 22, which is further supponed bya
bearing 49 held in the casing 45.

The inner rotor 34 of the clutch motor 30 is mechanically linked with the rotor 42 of the assist. motor 40 and further
with the drive shaft:22. When the rotation and axial torque of the crankshaft 56 of the engine 50 are transmitted via the
outer rotor 32 fo the inner rotor 34 of the dutch motor 30, the rotation and torque by the assist motor 40-are added to
or subtracted from the transmitted rotation and torque.

While the assist motor 40 is constructed as a conventional permanent magnet-type. three-phase synchronous
motor, the clutch motor 30 includes two rotating elements or rotors, that is, the outer rotor 32 with the permanent mag-
nets 35 and the inner rotor 34 with the three-phase coils 36. The detailed structure of the clutch motor 30 is described
with the cross sectional view of Fig. 2. The outer rotor 32 of the clutch motor 30 is attached to a circumferential end of
a wheel 57 set around the crankshaft 56, by means of a pressure pin 59a and a screw 53b. A central portion of the
wheel 57 is protruded to form a shaft-like element, to which the inner rotor 34 is rotatably attached by means of bearings
37A and 37B. One end of the drive shaft 22 is fixed to the inner rotor 34.

A plurality of permanent magnets 35, four in this embodiment, are attached to the inner surface of the outer rotor
32 as mentioned previously. The permanent magnets 35 are magnetized in the direction towards the axial center of the
clutch motor 30, and have magnetic poles of alternately inverted directions. The three-phase coils 36 of the inner rotor
34 facing to the permanent magnets 35 across a little gap are wound on a total of 24 slots (not shown) formed in the
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inner rotor 34. Supply of electricity to the respective coils forms magnetic fluxes running through the teeth (not shown),
which separate the slots from one another. Supply of a three-phase alternating current to the respective coils rotates
this magnetic field. The three-phase coils 36 are connected to receive electric power supplied from the rotary trans-
former 38. The rotary transformer 38 includes primary windings 38a fixed to the casing 45 and secondary windings 38b
attached to the drive shaft 22 coupled with the inner rotor 34. Electromagnetic induction allows electric power to be
transmitted from the primary windings 38a to the secondary windings 38b or vice versa. The rotary transformer 38 has
windings for three phases, that is, U, V, and W phases, to enable the transmission of three-phase electric currents.
Interaction between a magnetic field formed by one adjacent pair of permanent magnets 35 and a rotating mag-
netic field formed by the three-phase coils 36 of the inner rotor 34 leads to a variety of behaviors of the outer rotor 32
and the inner rotor 34. The frequency of the three-phase alternating current supplied to the three-phase coils 36 is gen-

erally equal to a difference between the revolving speed (revolutions per second) of the outer rotor 32 directly con-

nected to-the crankshaft 56 and the revolving speed of the inner rotor 34. This results in a slip between the rotations of
the outer rotor 32 and the inner rotor 34. Details of the contro! procedures of the clutch motor 30 and the assist motor
40 will be described later based on the flowcharts.

As mentioned above, the clutch motor 30 and the assist motor 40 are driven and controlied by the controller 80.
Referring back to Fig. 1, the controller 80 includes a first driving circuit 91 for driving the clutch motor 30, a second driv-
ing circuit 92 for driving the assist motor 40, a control CPU 90 for controlling both the first and second driving circuits 91
and 92, and a battery 94 including a number of secondary cells. The control CPU 90 is a one-chip microprocessor
including-a RAM 90a used as a working memory, a ROM 90b in which various control programs are stored, an input/out-
put port (not shown), and a serial communication port (not shown) through which data are sent to and received from
the EFIECU 70. The control CPU 90 receives a variety of data through the input/output port. The input data include a
rotational angle 8e of the crankshaft 56 of the engine 50 from the resolver 39, a rotational angle 6d of the drive shaft 22
from the resolver 48, an accelerator pedal position AP (pressing amount of the accelerator pedal 64) from the acceler-
ator position sensor 65, a gearshift position SP from the gearshift position sensor 84, clutch motor currents luc and Ive
from two ammeters 95 and 96 in the first driving circuit 91, assist motor currents lua and Iva from two ammeters 97 and
98 in the second driving circuit 92, and a residual capacity BRM of .the battery 94 from a residual capacity meter 99.
The residual capacity meter 99 may determine the residual capacity BRM of the battery 94 by any known method; for
example, by measuring the specific gravity of an electrolytic solution in the battery 94 or the whole weight of the battery
94, by computing the currents and time of charge and discharge, or by causing an instantaneous short-circuit between
terminals of the battery 94 and measuring an internal resistance against the electric current.

The control CPU 90 outputs a first contro! signal SW1 for driving six transistors Tr1 through Tré working as switching
elements of the first driving circuit 91 and a second control signal SW2 for driving six transistors Tr11 through Tr16 work-
ing as switching elements of the second driving circuit 92. The six transistors Tr1 through Tr6.in the first driving-circuit
91 constitute a transistor inverter and are arranged in pairs to work as a source and a drain with respect to a pair of
power lines P1 and P2. The three-phase coils (U,V,W) 36 of the clutch motor 30 are connected via the rotary trans:
former 38 to the respective contacts of the paired transistors. The power lines P1 and P2 are respectively connected to
plus and minus terminals of the battery 94. The first control signal SW1 output from the control CPU 90 successively
controls the power-on time of the paired transistors Tr1 through Tr6. The electric current flowing through each coil 36
undergoes PWM (pulse width modulation) to give a quasi-sine wave, which enables the three-phase coils 36 to forma
rotating magnetic field.

The six-transistors Tr11 through Tr16 in the second driving circuit 92 aiso constitute a transistor inverter and are
arranged in the same manner as the fransistors Tr1 through Tr6 in the first driving circuit 91. The three-phase coils
(U,V.W) 44.0f the assist motor 40 are connected to-the respective contacts of the paired transistors. The second controf
signal SW2 output from the control CPU 90 successively controls the power-on time of the paired transistors Tri1
through Tr16. The electric current flowing through each coil 44 undergoes PWM to give a quasi-sine wave, which ena-
bles the three-phase coils 44 to form a rotating magnetic field.

The power output apparatus 20 thus constructed works in accordance with the operation prmolples described
below, especially with the principle of torque conversion. By way of example, it is assumed that the engine 50 driven by
the EFIECU 70 rotates at a revolving speed Ne equal to a predetermined value N1. While the transistors Tr1 through
Tr6 in the first driving circuit 91 are in OFF position, the controller 80 does not supply any current to the three-phase
coils 36 of the clutch motor 30 via the rotary transformer 38. No supply of electric current causes the outer rotor 32 of
the clutch-motor 30 to'be electromagnetically disconnected from the inner.rotor 34. This results in racing the crankshaft .
56 of the engine 50. Under the condition that all the transistors Tr1 through Tr6 are in OFF position, there is no regen-
eration of energy from the three-phase coils 36, and the engine 50 is kept at an idle.

As the control CPU 90 of the controller 80 outputs the first control signal SW1 to control on and off the transustors
Tr1 through Ti6 in the first driving circuit 91, a constant electric current is flown through the three-phase coils 36 of the
clutch motor 30, based on the difference between the revoiving speed Ne of the crankshaft 56 of the engine 50 and a
revolving speed Nd of the drive shaft 22 (that s, difference Nc (=Ne-Nd ) between the revolving speed of the outer rotor
32 and that of the inner rotor 34 in the clutch motor 30). A certain slip accordingly exists between the outer rotor 32 and
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the inner rotor 34 connected with each other in the clutch motor 30. At this moment, the inner rotor 34 rotates at the
revolving speed Nd, which is lower than the revolving speed Ne of the crankshatt 56 of the engine 50. In this state, the
clutch motor 30 functions as a generator and carries out the regenerative operation to regenerate an electric current via
the first driving circuit 91. In order to allow the assist motor 40 to consume energy identical with the electrical energy

s regenerated by the clutch motor 30, the control CPU 80 controls on and off the transistors Tr11 through Tr16 in the sec-
ond driving circuit 92. The on-off control of the transistors Tr11 through Tr16 enables an electric current to flow through
the three-phase coils 44 of the assist motor 40, and the assist motor 40 consequently carries out the power operation
to produce a torque.

Referring to Fig. 4, while the crankshaft 56 of the engine. 50 is driven at a revolving speed N1 and a torque T1,

10 energy in a region G1 is regenerated as electric power by the clutch motor 30. The regenerated power is supplied to
the assist motor 40 and converted to energy in a region G2, which enables the drive shaft 22 to rotate at a revolving
speed N2 and a torque T2. The torque conversion is carried out in the manner discussed above, and the energy corre-
sponding to the slip in the clutch motor 30 or the revolving speed difference Nc (=Ne-Nd ) is consequently given as a
torque to the drive shaft 22.

15 In another example, it is assumed that the engine 50 is driven at a revolving speed Ne=N2 and a torque Te=T2,
whereas the drive shaft 22 is rotated at the revolving speed N1, which is greater than the revolving speed N2. In this
state, the inner rotor 34 of the clutch motor 30 rotates relative to the outer rotor 32 in the direction of rotation of the drive
shaft 22 at a revolving speed defined by the absclute value of the revolving speed difference NG (=Ne-Nd ). While func-
tioning as a normal motor, the clutch motor 30 consumes electric power to apply the energy of rotational motion to the -

20 drive shaft 22. When the control CPU 80 of the controller 80 controls the second driving circuit 92 to enable the assist
motor 40 to regenerate electrical energy, a slip between the rotor 42 and the stator 43 of the assist motor 40 makes the
regenerative current flow through the three-phase coils 44. In order to allow the clutch motor 30 to consume the energy
regenerated by the assist motor 40, the control CPU 90 controls both the first driving circuit-91 and the second driving
circuit 92. This enables the clutch motor 30 to be driven without using any electric power stored in the battery 94.

25 Referring back to Fig. 4, when the crankshaft 56 of the engine 50 is driven at the revolving speed N2 and the torque
T2, energy in the sum of regions G2 and G3 is regenerated as electric power by the assist motor 40 and supplied to the
clutch motor 30. Supply of the regenerated power enables the drive shaft 22 to rotate at the revolving speed N1 and the
torque TT1. '

Other than the torque conversion and revolving speed.conversion discussed above, the power output apparatus 20

30 of the embodiment can charge the battery 94 with an excess of electrical energy or discharge the battery 94 to supple-
ment the electrical energy. This is implemented by controlling the mechanical energy output from-the engine 50 (that is,
the product of the torque Te and the revolving speed Ne), the electrical energy regenerated or consumed by the clutch
motor 30, and the electrical energy regenerated or .consumed by the -assist motor 40. The output energy from the
engine 50 can thus be transmitted as power-to the drive shaft 22 at a higher efficiency.

35 The torque conversion discussed above is implemented by a torque contro! process |Ilustrated in the flowchart of
Fig. 5. The torque control routine of Fig. 5 is executed to control the torque while the battery 94 is not charged or dis-
charged.

When the program enters the torque control routine, the controi CPU 80 of the controller 80 first receives data of
revolving speed Nd of the drive shaft 22 at step $100. The revolving speed Nd of the drive shaft 22 can be computed

40 from the rotational angle éd of the drive shaft 22 read from the resolver 48. The control CPU 90 then reads the accel-
erator pedal position AP from the accelerator position serisor 65 at step S101. The driver steps in the accelerator pedal
64 when feeling insutficiency of output torque. The value of the accelerator pedal position AP accordingly corresponds
to the desired output torque (that is, torque of the drive shaft22) which the driver requires. At subsequent step S$102,
the control CPU 90 computes a target output torque (torque of drive shaft 22) Td* corresponding to the input accelerator

45 pedal position AP. The target output torque Td" is also referred to as the output torque command value. Output torque.
command values Td* have previously been set for the respective accelerator. pedal positions AP.In response to an input
of the accelerator pedal position AP, the output torque command value Td* corresponding to the input accelerator pedal
position AP is extracted from the preset output torque command values Td*.

At step $103, an energy Pd to be output to the drive shaft 22 is calculated according to the expression Pd=Td*xNd,’

s0  that is, multiplying the extracted output torque command value Td* (of the drive shaft 22) by the input revolving speed
Nd of the drive shaft 22. The program then proceeds to step S104 at which the control CPU 90 sets a target engine
torque Te* and a target engine speed Ne* of the engine 50 based on the output energy Pd thus obtained. Here it is
assumed that all the energy Pd to be output to the drive shaft 22 is supplied from the engine 50. Since the energy sup-
plied by the engine 50 is equal to the product of the torque Te and the revolving speed Ne of the engine 50, the rela-

55 tionship between the output energy Pd and the target engine torque Te* and the target engine speed Ne* can be
expressed as Pd=Te*xNe*. There are, however, numerous combinations of the target engine torque Te* and the target
engine speed Ne* satisfying the above relationship. In this embodiment, an optimal combination of the target engine
torque Te* and the target engine speed Ne* is selected in order to realize aperation of the engine 50 at the possible
highest efficiency.
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At subsequent step S106, the control CPU 90 sets a torque command value Tc* of the clutch motor 30, based on
the target engine torque Te* set at step S104. In order to keep the revolving speed Ne of the engine 50 at a substantially
constant level, it is required to make the torque of the clutch motor 30 balance the torque of the engine 50. The process-
ing at step S106 accordingly sets the torque command value Tc* of the clutch motor 30 equal to the target engine
torque Te* of the engine 50.

After setting the torque command value T¢* of the clutch motor 30 at step S106, the program proceeds to steps
$108, S110, and S111 to control the clutch motor 30, the assist motor 40, and the engine 50, respectively. As a matter
of convenience, the contro! operations of the clutch motor 30, the assist motor 40, and the engine 50 are shown as sep-
arate steps. In the actual procedure, however, these control operations are.canied out comprehensively. For example,
the control CPU 90 simultaneously controls the clutch motor 30 and the assist motor 40 by interrupt process, while
transmitting an instruction to the EFIECU 70 through communication to control the engine S0 concurrently.

The control of the clutch motor 30 (step 5108 of Fig. 5) is implemented according to a clutch motor control routine
illustrated in the flowchart of Fig. 6. When the program enters the clutch motor control routine, the control CPU 90 of
the controller 80 first reads a rotational angle 6d of the drive shaft 22 from the resolver 48 at step S112 and a rotational
angle 6e of the crankshaft 56 of the engine 50 from the resolver 39 at step S114. The control CPU 90 then computes a
relative angle 8¢ of the drive shaft 22 and the crankshaft 56 by the equation of 8c=06e-0d at step S116.

The program proceeds to.step S118, at which the control CPU 90 receives inputs of clutch motor currents luc and
Ive, which respectively flow through the U phase and V phase of the three-phase coils 36 in the clutch motor 30, from
the ammeters 95 and 96. Although the currents naturally flow through all the three phases U, V, and W, measurement
is required only for the currents passing through the two phases since the sum of the currents is equal to zero. At sub-
sequent step $120, the control CPU 90 executes transformation of coordinates (three-phase to two-phase transforma-
tion) using the values of currents flowing through the three phases obtained at step S118. The transformation of
coordinates maps the values of currents flowing through the three phases to the values of currents passing through d
and q axes of the permanent magnet-type synchronous motor and is executed according to Equation (1) given below:

1 -sin (8¢ - 120) sin-0crlu
[ch =2 cos (8¢ - 120) c‘os‘ec][lvﬂ M

The transformation of coordinates is carried out because the currents flowing through the d and q axes are essen-
tial for the torque control in the permanent magnet-type. synchronous ‘motor. Alternatively, the torque control may be
executed directly with the currents flowing through the three phases. After the transformation to the currents-of two
axes, the control CPU 90 computes deviations of currents ldc and Iqc actually flowing through the d and q axes from
current command values Idc* and Iqc* of the respective axes, which are calculated from the torque command value Tc*
of the clutch motor 30, and determines voltage command values Vdc and Vqc for the d and q axes at step $122. in
accordance with a concrete procedure, the control CPU 90 executes operations following Equations (2) and Equations
(3) given below:

Aldc = ldc” - ldc e
Alge = lge” - lgc
Vdc = Kp1 » Aldc + £Kit » Aldc (3)
Vqe = Kp2 - Alge + LKi2 .~ Alge A

wherein Kp1, Kp2, Ki1, and Ki2 represent coefficients, which are adjusted to be suited to the characteristics of the moto
applied. . . -

The voltage command value Vdc (Vqc)-includes a part in proportion to the deviation Al from the current command
value I* (first term inright side of Equation (3)) and a summation of historical data of the deviations Al for ' times (sec-
ond term in right side). The.control CPU 90 then re-transforms the coordinates of the voltage command values thus
obtained (two-phase to three-phase transtormation) at step $124. This coresponds to an inverse of the transformation
executed at step S120. The inverse transformation determines voltages Vuc, Vve, and Vwe actually applied to the three-
phase coils 36 as given below:

Vu cos 6c -sin 8¢ Vd
[wi] - ‘E[cos (6c - 120) -sin (6C - 120)][Vq2] @
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Vwe = -Vuc - We

The actual voltage control is executed through on-off operation of the transistors Tr1 through Tr6 in the first driving
circuit 91. At step 5126, the on- and off-time of the transistors Tr1 through Tr6 in the first driving dircuit 91 is PWM (pulse
width modulation) controlled in order to attain the voltage command values determined by Equation (4) above.

The torque command value Tc* is positive when a positive torque is applied to the drive shaft 22 in the direction of
rotation of the crankshaft 56. By way of example, it is assumed that a positive value is set to the torque command value
Tc*. When the revolving speed Ne of the engine 50.is greater than the revolving speed Nd of the drive shaft 22 on this
assumption, that is, when the revolving speed difference Nc (=Ne-Nd ) is positive, the clutch-motor 30 is controlled to
cairy out the regenerative operation and produce a regenerative current corresponding to the revolving speed differ-
ence Nc. When the revolving speed Ne of the engine 50 is less than the revolving speed Nd of the drive shaft 22, that
is, when the revolving speed difference Nc.(=Ne-Nd ) is negative, on the contrary, the clutch motor 30 is controlled to
carry out the power operation and rotate relative to the crankshaft 56 in the direction of rotation of the drive shaft 22 at
a revolving speed defined by the absolute value of the revolving speed difference Nc. For the positive torque command
value Tc*, both the regenerative operation and the power operation of the clutch motor 30 implement the identical
switching control. In accordance with a concrete procedure, the transistors Tr1 through Tr6 of the first driving circuit 91
are controlled to enable a positive torque to be .applied to the drive shaft 22 by the combination of the magnetic field
generated by the permanent magnets 35 set on the outer rotor:32 with the rotating magnetic field generated by the cur-
rents flowing through the three-phase coils 36 on the inner rotor 34 in the clutch motor 30. The identical switching con-
trol is executed for both the regenerative operation and the power operation of the clutch motor 30 as long as the sign
of the torque command value Tc* is not changed. The clutch motor control routine of Fig. 6 is thus applicable to both
the regenerative operation and the power operation. Under the condition of braking the drive shaft 22 or moving the
vehicle in reverse, the torque command value Tc* has the negative sign. The clutch motor control routine of Fig. 6 is
also applicable to the control procedure under such conditions, when the relative angle 8¢ is varied in the reverse direc-
tion at step S126.

Figs. 7 and 8 are flowcharts showing details of the control process of the assist motor 40 executed at step S110 in
the flowchart of Fig. 5. Referring to the flowchart of Fig. 7, when the program enters the assist motor control routine, the
control CPU 90 first receives data of revolving speed Nd of the drive shaft 22 at step S131. The revolving speed Nd of
the drive shaft 22 is computed from the rotational angle ed of the drive shaft 22-read from the resolver 48. The control

"CPU 90 then receives data of revolving speed Ne of the engine 50 at step-S132. The revolving speed Ne of the engine.

50 may be computed fromthe rotational angle 6e of the crankshaft 56 read from the resolver 39 or directly measured
by the speed sensor 76 mounted on the distributor 60. in the latter. case, the control CPU 90 receives data of revolving.
speed Ne of the engine 50 through communication with the EFIECU 70, which connects with the speed sensor76.

A revolving speed difference N¢ between the.input revolving speed Nd of the drive shaft 22 and the input revolving
speed Ne of the engine 50 is calculated according to the equation Nc=Ne-Nd at step $133. At subsequent step S134,
electric power (energy) Pc regenerated-or consumed by the clutch motor 30 is calculated according.to Equation (5) .
given as:

Pc = Ksc xNexTc (5)

wherein Ksc represents the efficiency of regenerative operation or power operation in the clutch motor 30. The product
NcxTc defines the energy corresponding to the region G1 in the graph of Fig. 4, wherein Nc and Tc respectively denote
the revolving speed difference and the actual torque produced by the clutch motor 30.

At step $135, a torque command value Ta* of the assist motor 40 is determined by Equation (6) given as:

Ta* = ksa x Pc/Nd (6)

wherein ksa represents the efficiency of regenerative operation or power operation in the assist motor 40. The torque
command value Ta* of the assist motor 40.thus obtained is compared with a maximum torque Tamax, which the assist
motor 40 can potentially apply, -at.step S136. When the torque command value Ta* exceeds the maximum torque
Tamax, the program proceeds to step S138 at which the torque command value Ta* is restricted to the maximum torque
Tamax. .
After the torque command value Ta* is set equal to the maximum torque Tamax at step S138:or after the torque
command value Ta* is determined not to exceed the maximum torque Tamax at step $136, the program proceeds to
step $140 in the flowchart of Fig. 8. The control CPU 90 reads the rotational angle éd of the drive shaft 22 from the
resolver 48 at step S140, and receives data of assist motor currents lua and lva, which respectively flow through the U
phase and V phase of the three-phase coils 44 in the assist motor 40, from the ammeters 97 and 98 at step $142. The
control CPU 90 then executes transformation of coordinates for the currents of the three phases at step 5144, com-
putes voltage command values Vda and Vqa at step S146, and executes inverse transformation of coordinates for the
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voltage command values at step $148. At subsequent step $150, the control CPU 80 determines the on-and off-time
of the transistors Tr11 through Tr16 in the second driving circuit 92 for PWM (pulse width modulation) control. The
processing executed at steps S144 through S150 is similar to that executed at steps S120 through $126 of the clutch
motor control routine shown in the flowchart of Fig. 6.

The assist motor 40 is subject to the power operation for the positive torque command value Ta* and the regener-
ative operation for the negative torque command value Ta'. Like the power operation and the regenerative operation of
the clutch motor 30, the assist motor control routine of Figs. 7 and 8 is applicable to both the power operation and the
regenerative operation of the assist motor 40. This is also true when the drive shaft 22 rotates in reverse of the rotation
of the crankshaft 56, that s, when the vehicle moves back. The torque command value Ta* of the assist motor 40 is pos-
itive when a positive torque is applied to the drive shaft 22 in the direction of rotation of the crankshatt 56.

The control of the engine 50 (step S111 in Fig. 5) is executed in the following manner. in order to attain stationary
driving at the target engine torque Te* and the target engine speed Ne* (set at step S104in Fig. 5), the control CPU 90
regulates the torque Te and the revolving speed Ne of the engine 50 to make them approach the target engine torque
Te* and the target engine speed Ne*, respectively. In accordance with a concrete procedure, the control CPU 90 sends
an instruction to the EFIECU 70 through communication to regulate the amount of fuel injection or the throttle valve
position. Such regulation makes the torque Te and the revolving speed Ne of the engine 50 eventually approach the far-
get engine torque Te* and the target engine speed Ne*.

This procedure enables the output (TexNe) of the engine 50 to undergo go the free torque conversion and be even-
tually transmitted to the drive shaft 22.

-Charging control of the battery 94 starts when the residual capacity BRM of the battery 94 becomes equal to or
less than a charge-initiating value BL, which has previously been set as a value requiring the charging process. Charg-
ing energy Pbi required for charging the battery 94 is added to the output energy Pd calculated at step S$103 in the
torque control routine of Fig. 5. The processing at step S104 and subsequent steps is executed with the newly set out-
put energy Pd. On the other hand, the charging energy Pbi is subtracted from the power Pc of the clutch motor 30 cal-
culated at step S134 in the assist motor control routine of Fig. 7. The processing at step $135 and subsequent steps is
executed with the newly set clutch motor power Pc. This procedure enables the battery 94 to be charged with the charg-
ing energy Pbi.

On the other hand, discharge control of the battery 94 starts when the residual capacity BRM of the battery 94
becomes equal to or more than a discharge-initiating value BH, which has been set as-a value requiring the discharging
process. A discharging energy Pbo required for discharging the battery 94 is subtracted from the output energy Pd cal-
culated at step S103 in the torque control routine of Fig. 5. The processing at step $104 and subsequent steps is exe-
cuted with the newly set output energy Pd. On the other hand, the discharging energy Pbo is added to the power Pc of
the clutch motor 30 calculated at step $134 in the assist motor contro! routine of Fig. 7. The processing at step S135
and subsequent steps is executed with the newly set dutch motor power Pc. This procedure enables the battery 94 to
be discharged with the discharging energy Pbo.

Discharge controf of the battery 94 is implemented, for example, by terminating the operation of the engine 50 and
allowing the vehicle to be driven only by the power from the battery 94. Driving the vehicle with the power discharged
from the battery 94 under the non-driving condition of the engine 50 starts when the residual capacity BRM of the bat-
tery 94 becomes equal to or greater than the discharge-initiating value BH, which has been set as a value requiring the
discharging process, or when the driver gives a clear instruction to start the discharging process. An engine stop-time
torque control routine illustrated in the flowchart of Fig. 9 is executed to terminate operation of the-engine 50 and drive
the vehicle with the power stored in the battery 94. in place of the torque control routine of Fig. 5, the engine stop-time
torque control routine of Fig. 9 is executed repéatedly at predetermined time intervals when the controller 80 receives
a battery discharge signal representing that the residual capacity BRM of the battery 94 becomes equal to or greater
than the discharge-initiating value BH or a clear instruction from the driver as a stop signal to stop operation of thé
engine 50. . . '

When the program enters the engine stop-time torque control routine, the control CPU 90 first receives data of
accelerator pedal position AP from the accelerator position sensor 65 at step S160 and computes an output torque
command value Td* comresponding to theinput accelerator pedal position AP at step $S162. The torque command value
Te* of the clutch motor 30 is compared with a subtraction amount ATc at step S164. In order to gradually decrease the
output energy Pd of the engine 50 to the non-loading state, the torque command value Tc* of the clutch motor 30 acting
as the torque Te of the engine 50 is gradually decreased by subtraction amounts ATc. The subtraction amount ATc is
determined depending upon the interval of executing this routine and the performance of the clutch motor 30 and the
engine 50. When this routine is activated for the first time in response to the stop signal to stop operation of the engine
50, the torque command value Tc* of the clutch motor 30 is generally greater than the subtraction amount ATc since
the clutch motor 30 transmits the torque Te of the engine 50 to the drive shaft 22.

When the torque command value T¢* of the clutch motor 30 is greater than the subtraction amount ATc, the pro-
gram proceeds to step $166 at which the control CPU 80 subtracts the subtraction amount AT¢ from the torque com-
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mand value Tc* set in the previous cycle of this routmeﬁto determine a new torque command value Tc¢* of the clutch

motor 30 as expressed by Equation (7) given below: |

|
i

New Tc¢* = Previous Tc* - ATc (7)
l
At subsequent step S168, the control CPU 90 further mlculates the torque command value Ta* of the assist motor 40
by subtracting the new torque command value T¢* from the output torque command value Td* as expressed by Equa-
tion (8) given below:

|
Ta* = Td* - Tc* %)

The control CPU 90 computes a new output energyiPd .of the engine 50 by subtracting a subtraction amount APd
from the output energy Pd set in the previous cycle of thls routine at step S170. The output energy Pd of the engine 50
is decreased by the sublraction amount APd every time when this routine is executed. The output energy Pd thus grad-
ually decreases to the non-loading state. In this enmodmlwnt in order to allow the target engine torque Te* and the tar-
get engine speed Ne* of the engine S0 to gradually approach the idling state, the subtraction amount APd is set to be
a little greater than the value calculated according to Eqn.]laﬁon (9) given below:

APd = ;ATC x Ne ©)

At step S§172, the control CPU 90 sets the target enﬁine torque Te* and the target engine speed Ne* of the engine
50, based on the torque command value Tc* of the clutoh motor-30 and the output energy Pd of the engine 50 respec-
tively set at steps-S166 and S170. The target engine torque Te* is set equal to the torque command value Tc* of the
clutch motor 30-in order to effect stable rotation of the engine 50. The target engine speed Ne* is calculated according
to Equation (10) given below:
|

Pd = Te’ x Ne* (10)

As described previously, -the subtraction amount APd is set to.be a little greater than the product of the subtraction
amount ATc and the revolving speed Ne of the engine 50 in this;embodiment. This means that the target engine speed
Ne* is set tobe a lithe smaller than the actual revolving speed Ne of the engine 50. Provided that the subtraction amount
ATc is set equal to the value calculated by Equation (9), the target engine speed Ne* is equal to the actual revolving
speed Ne of the engine 50. In this case, the revolving speed Ne of the engine 50 is unchanged while the target engine
torque Te” is decreased.

After setting the torque command values Tc* and Ta} and the target engine torque Te* and the target engine speed
Ne*, the control-CPU 90 controls the clutch motor 30 (step $174), the assist motor 40 (step S$176), and the engine 50
(step S178) to attain these values. The control of the clytch motor 30 executed at step S174 follows the clutch motor
control routine shown in the tlowchart of Fig. 6. The repeated execution of the engine stop-time torque control routine
makes the target engine spead Ne” of the engine 50 BCll.fal to or less than the revolving speed Nd of the drive shaft 22.
Under such conditions, the clutch motor 30 is controlled with the power stored in the battery 94 to attain the revolving
speed (Nd-Ne) at the torque command value Tc*. eﬂ

The contral of the assist motor 40 executed at step 8176 follows an assist motor control routine shown in the flow-
chart of Fig. 10, instead of the assist motor control. routine of Figs. 7 and 8. The processing executed at steps S190
through S197 in the assist motor control routine of Fig. 10 is identical with the processing executed at- steps. 5136
through S150 in the assist motor control routine of Figs. 7 and 8. Since the torque command value Ta* of the assist
motor 40 has been set in the engine stop-time tarque control routine of Fig. 9, the processing for determining the torque
command value Ta* in the assist motor control routine of Figs. 7 and 8 is not required. Power regenerated by the clutch .
motor 30 is not sufficient for PWM (pulse width modulation) control of the assist motor 40 to give voltages corresponding
to the preset torque command value Ta*. Thae deficiency is supplied by the power stored in the battery 94.

Irespective of the output energy Pd of the engine 50, the torque output to the drive shaft 22 as a result of the torque
control becomes equal to the output torque command value Td*, which is the sum of the torque command value Tc* of
the clutch motor 30 and the torque command.value Ta* of the assist motor 40. The output torque depends upon the
accelerator pedal position AP. As long as the accelerator pedal position AP is kept unchanged, the repeated execution
of this routine does not vary the torque output to the drive shaft 22.

As the engine stop-time torque control routine is repeatedly executed, the torque command value Tc* of the clutch
motor 30 becomes equal to or less than the subtraction amount ATc at step S164. Under such conditions, the engine
50 is kept substantially at an idle and the vehicle is driven substantially only by the torque Ta of the assist motor 40.
When the program recognizes this state, the control CPU 80 sets the torque command vatue Tc* of the clutch motor 30
equal o zero at step $180. The control CPU 90 further sets the torque command value Ta* of the assist motor 40 equal
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1o the output torque command value Td* at step S182 and allocates the value ‘0’ to both the target engine torque Te*
and the target engine speed Ne* of the engine 50 at step S184. After the processing at steps S180 through 5184, the
program goes to steps $174 through S178 to control the clutch motor 30, the assist motor 40, and the engine 50 as
described previously. The procedure of engine stop-time torque control completely releases the elecromagnetic cou-
pling of the drive shaft 22 with the crankshaft 56 via the clutch motor 30, stops operation of the engine 50, and enables
the vehicle to be driven only by the torque Ta of the assist motor 40, which is generated by the power stored in the bat-
tery 94.

As discussed above, the power output apparatus 20 of the first embodiment can stop operation of the engine 50
without varying the output torque to the drive shaft 22. Namely the structure of the embodiment prevents the unex-
pected variation in torque output to the drive shaft 22 and ensures a good ride. The fixed output torque to the drive shaft
22 effectively prevents undesirable vibrations of the vehicle. The energy output from the engine 50 is used as the power
in the process of stopping operation of the engine 50. This further enhances the energy efficiency.

In the power output apparatus 20 of the first embodiment, the engine stop-time torque control routine of Fig. 9 is
repeatedly executed when the controller 80 receives a battery discharge signal representing that the residual capacity
BRM of the battery 94 becomes equal to or greater than the discharge-initiating value BH or a clear instruction on from
the driver as a stop signa! to stop operation of the engine 50. Alternatively, the same routine may be executed repeat-
edly when the battery discharge signal or the clear instruction from the driver is input as an energy decrease signal rep-
resenting that the output energy Pd of the engine 50 has decreased. In the latter case, at step S164.in the flowchart of
Fig. 9, the torque command value Tc¢* of the clutch motor 30 is compared with the decreased target engine torque Te*
of the engine 50, which is calculated from the decreased output energy Pd of the engine 50, instead of with the sub-
traction amount ATc. When the torque command value Tc* is greater than the decreased target engine torque Te*, the
program executes the processing at steps $166 through S178. When the torque command value Tc* becomes equal
to the decreased target engine torque Te*, on the other hand, the program executes only step S168 prior to the process-
ing at steps §174 through $178. This structure can decrease the output energy Pd of the engine 50 without varying the
output torque to the drive shaft 22.

In the structure of the power output apparatus 20 shown in Fig. 1, the clutch motor 30 and the assist motor 40. are
separately attached to the different positions of the drive shaft 22. Like a modified power output apparatus 20A illus-
trated in Fig. 11, however, the clutch motor and the assist motor may integrally be joined with each other. A clutch motor
30A of the power output apparatus 20A includes an inner rotor 34A connecting with the crankshaft 56 and an outer rotor
32A linked with the drive shaft 22. Three-phase coils 36A are attached to the inner rotor 34A, and permanent magnets
35A are set on the outer rotor 32A in such a manner that the outer surface and the inner surface thereof have different
magnetic poles. An assist motor 40A includes the outer rotor 32A of the clutch motor 30A and a stator 43 with three-
phase coils 44 mounted thereon. In this structure, the outer rotor 32A of the clutch motor 30A also works as-a rotor of
the assist motor 40A. Since the three-phase coils 36A are mounted on the inner rotor 34A connecting with the crank-
shaft 56, a rotary transformer 38A for supplying electric power to the three-phase coils 36A of the clutch motor 30A is
attached to the crankshaft 56.

in the power output apparatus 20A, the voltage applied to the three-phase coils 36A on the inner rotor 34A is con-
trolled against the inner-surface magnetic pole of the permanent magnets 35A set on the outer rotor 32A. This allows
the clutch motor 30A to work in the same manner as the clutch motor 30 of the power output apparatus 20 shown in
Fig. 1. The voltage applied to the three-phase coils 44 on the stator 43 is controlled against the outer-surface magnetic
pole of the permanent magnets 35A set on the outer rotor 32A. This allows the assist motor 40A to work in the same
manner as the assist motor 40 of the power output apparatus 20. The torque control routine of Fig. 5 and the engine
stop-time torque control routine of Fig. 9 are also applicable to the power output apparatus 20A shown in Fig. 11, which
accordingly implements the same operations and exerts the same effects as those of the power output apparatus 20
shown in Fig. 1.

As discussed above, the outer rotor 32A functions concurrently as one of the rotors in the clutch motor 30A and as’
the rotor of the assist motor 40A, thereby effectively reducing the size and weight of the whole power output apparatus
20A..

:Fig. 12 schematically illustrates an essential part of another power output apparatus 208 as a second embodiment
of the present invention. The power output apparatus 20B of Fig. 11 has a similar structure to that of the power output
apparatus 20 of Fig. 1, except that the assist motor 40 is attached to the crankshaft 56 placed between the engine 50
and the clutch motor 30. In the power output apparatus 20B of the second embodiment, like numerals and symbols
denote like elements as those of the power output apparatus 20 of Fig. 1. The symbols used in the description have like
meanings unless otherwise specified.

The following describes the essential operation of the power output apparatus 20B shown in Fig. 12. By way of
example, it is assumed that the engine 50 is driven with a torque Te and at a revolving speed Ne. When a torque Ta is
added to the crankshaft 56 by the assist motor 40 linked with the crankshaft 56, the sum of the torques (Te+Ta) conse-
quently acts on the crankshaft 56. When the clutch motor 30 is controlled to produce the torque Tc equal to the sum of
the torques (Te+Ta), the torque Tc (=Te+Ta ) is transmitted to the drive shaft 22.
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When the revolving speed Ne of the engine 50 is greater than the revolving speed Nd of the drive shaft 22, the
clutch motor 30 regenerates electric power based on the revolving speed difference Nc between the revolving speed
Ne of the erigine 50 and the revolving speed Nd of the drive shaft 22. The regenerated power is supplied to the assist
motor 40 via the power fines P1 and P2 and the second driving circuit 92 to activate the assist motor 40. Provided that
the torque Ta of the assist motor 40 is substantially equivalent to the electric power regenerated by the clutch motor 30,
free torque conversion is allowed for the energy output from the engine 50 within a range holding the relationship of
Equation (11) given below. Since the relationship of Equation (11) represents the ideal state with an efticiency of 100%,
(TcxNd) is a litle smaller than (TexNe) in the actual state.

Te x Ne = Te x Nd (11)

Referring to Fig. 4, under the condition that the crankshaft 56 rotates with the torque T1 and at the revolving speed
N1, the energy-corresponding to the sum of the regions G1+G3 is regenerated by the clutch motor 30 and supplied to
the assist motor 40. The assist motor 40 converts the received energy in the sum of the regions G1+G3 to the energy
corresponding to the sum of the regions G2+G3 and transmits the converted energy to the crankshaft 56.

When the revolving speed Ne of the engine 50 is smaller than the revolving speed Nd of the drive shaft 22, the
clutch motor 30 works as a normal motor. In the clutch motor 30, the inner rotor 34 rotates relative to the outer rotor 32
in the direction of rotation of the drive shaft 22 at a revolving speed defined by the absalute value of the revolving speed
difference Nc¢ (=Ne-Nd ). Provided that the torque Ta of the assist motor 40 is set to a negative value, which enables the
assist motor 40 to regenerate electric power substantially equivalent to the electrical energy consumed by the clutch
motor 30, free torque conversion is also allowed for the energy output from the engine 50 within the range holding the
relationship of Equation (11) given above.

Referring to Fig. 4, under the condition that the crankshaft 56 rotates with the torque T2 and at the revolving speed
N2, the energy corresponding to the region G2 is regenerated by the assist motor 40 and consumed by the clutch motor
30 as the energy corresponding to the region G1.

The control procedure of the second embodiment discussed above follows the torque control routine shown in the
flowchart of Fig. 13. When the program enters the torque control routine, the control CPU 90 of the controller 80 first
executes the processing of steps $200 through S208, which is identical with that of steps S100 through 5104 in the
flowchart of Fig. 5. The control. CPU 90 readsthe revolving speed Nd of the drive shaft 22 at step S$200 and the accel-
erator pedal position AP at step 8202, and calculates the output torque command value Td* from the.input accelerator
pedal position AP at step S204. The control CPU 90 then computes the energy. Pd to be output from the drive shaft 22
based on the calculated output torque command value Td* and the input revolving speed Nd of the drive shaft 22 at step
§206, and sets the target engine torque Te* and the target engine speed Ne* of the engine 50 at-step S208.

At subsequent step §210, the contral CPU 90 computes the torque command value Ta* of the assist motor 40
according to Equation’(12) given as:

Ta* = Ksc x (Td*-Te*) (12)

At step S212, the torque command value Tc* of the ciutch motor 30 is calculated from the torque command value Ta”
of the assist motor 40 thus obtained according to Equation (13) expressed as:

Tc*=Te*+Ta* (13)

The control CPU 90 controls the clutch motor 30 at step S214, the assist motor 40 at step $216, and the engine 50
at step S217 based on the torque command values Ta* and Tc*, the target engine torque Te*, and the target engine
speed Ne* thus obtained. The concrete procedure of the clutch motor control (step S214) is identical with that described
above according to the flowchart of Fig. 6, whereas the concrete procedure of the engine control (step S217) s identical
with that of the first embodiment discussed above. The assist motor control executed at step S216 essentially follows
the processing of steps $192 through S$196 in the assist motor control routine of Fig. 10, except that the rotational angle’
e of the crankshaft 56 of the engine 50 measured with the resolver 39 is processed in place of the rotational angle éd
of the drive shaft 22. This modification is ascribed to the position of the assist motor 40, which is attached to the crank-
shaft §6. S :

The power output apparatus 20B of the second embodiment can effectively control charge and discharge of the
battery 94. The vehicle may be driven only by the power stored in the battery 94 while operation of the.engine 50 stops.
The following describes the procedure of terminating operation ?f the engine 50 and driving the vehicle with the power
discharged from the battery 94, based on an engine-stop time torque control routine of the second embodiment shown
in the flowchart of Fig. 14. Like the similar routine of the first e iment, the engine stop-time torque control routine
of Fig. 14 is executed repeatedly at predetermined time intervalsl. in place of the torque control routine of Fig. 13, when -
the controller 80 receives a battery discharge signal representing that the residual capacity BRM of the battery 94
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becomes equal to or greater than the discharge-initiating value BH or a clear instruction from the driver as a stop signal
1o stop operation of the engine 50.

When the program enters the engine stop-time torque cpntrol routine, the control CPU 90 first receives data of
accelerator- pedal position AP from the accelerator position sensor 65 at step §220 and computes the output torque
command value Td* corresponding to the input accelerator pedal position AP at step $222. The output energy Pd of
the engine 50 is compared with a threshold value Pdref at step S224. The threshold value Pdref is set to be a little
greater than the output energy Pd of the engine 50 at an idle. When this routine is activated for the first time in response
to the stop signal to stop operation of the engine 50, the output energy Pd is generally greater than the threshold value
Pdret since the vehicle is driven by the power output from the engine 50.

When the output energy Pd is greater than the threshold value Pdrefat step $224, the program proceeds to step
$226 at which the control CPU 90 subtracts the subtraction amount APd from the output energy Pd set in the previous
cycle of this routine to determine a new output energy Pd. At subsequent step 5228, the control CPU 90 sets a target
engine torque Te* and a target engine speed Ne* of the engine 50 by considering the efficiency of the engine 50 and
other conditions according to Equation (14) given below.

Pd =Te* x Ne* (14)

Itis preferable that the target-engine torque Te* and the target engine speed Ne* are set to gradually attain the idling
state of the engine 50. The torque command value Ta* of the assist motor 40 is computed at step 5230 according to
Equation (15) given below:

Ta* = Td* - Te* (15)

whereas the torque command value Tc* of the clutch motor 30 is set equal to the output torque command value Td* at
step $232.

The control CPU 90 executes control of the clutch motor 30 (step S234), control of the assist motor 40 (step 5236),
and control of the engine 50 (at step $238), which are identical with the processing executed at step 5214 through S217
in the torque control routine of Fig. 13.

The repeated-execution of this routine makes the target engine speed Ne* of the engine 50 equal to or less than
the revolving speed Nd of the drive shaft 22. Under such conditions, the clutch motor 30 is controfled.with the power
stored in the battery 94 to attain the revolving speed (Nd-Ne) at the torque command value Tc*. Power regenerated by.
the clutch motor 30 is not sufficient.for PWM control of the assist motor 40 to give voltages coresponding to the preset
torque command value Ta*. The deficiency is supplied by the power stored in the battery 94.

Imespective of the decrease in output energy Pd of the engine 50, the torque output to the drive shaft 22 as a result
of the torque control becomes equal to the output torque command value Td*, which depends upon the accelerator
pedal position AP. As long as the accelerator pedal position AP is kept unchanged, the repeated execution of this rou-
tine does not vary the torque output to the drive shaft 22,

As the engine stop-time torque control routine is repeatedly executed, the output energy Pd of the engine 50
becomes equal to-or less than the threshold value Pdref at step S224. Under such conditions, the engine 50 is kept sub-
stantially at an idle. When the program recognizes this state, the control CPU 90 sets the target engine torque Te* and
the target engine speed Ne* of the engine 50 equal to zero at step 5240, sets the torque command value Ta* of the -
assist motor 40 equal to the output torque command value Td* at step S$242, and sets the torque command value Tc*
of the clutch motor 30 equal to the output torque command value Td* at step S5244. This is followed by the controf of the
clutch motor 30 (step S234), the assist motor 40 (step $236), and the engine 50 (step S238). The procedure of engine -
stop-time torque control terminates operation of the engine 50 and enables the vehicle to be driven by the torque T¢ of
the clutch motor 30, which is generated by the power discharged from the battery 94. The assist motor-40 receives the
reaction force of the torque command value Tc* output from the clutch motor 30 to the drive shaft-22: When the engine -
50 stops operation, the revolving speed Ne of the engine 50 becomes equal to zero and a constant current, which can
generate a torque -against the:torque command value Tc¢*, flows through the three-phase coils of the assist motor 40.
The crankshaft 56 is accordingly electromagnaetically-locked by the assist motor 40.

As discussed above, the power output apparatus 20B of the second embodiment can stop operation of the engine
50 without varying the output torque to the drive shaft 22. Namely the structure of the second embodiment prevents the
unexpected variation in torque output to the drive shaft 22 and ensures a good ride. The fixed output torque to the drive
shaft 22 effectively prevents undesirable vibrations of the vehicle.

In the power output apparatus 20B of the second embodiment, the engine stop-time torque control routine of-Fig.
14 is repeatedly executed when the controller 80 receives a battery discharge signal representing that the residual
capacity BRM of the battery 94 becomes equal to or greater than the discharge-initiating value BH or a clear instruction
on from the driver as a stop signal to stop operation of the engine 50. Alternatively, the same routine may be executed
repeatedly when the battery discharge signal or the clear instruction from the driver is input as an energy decrease sig-
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nal representing that the output energy Pd of the engine 50 has decreased. In the latter case, at step S224 in the flow-
chart of Fig. 14, the output energy Pd of the engine 50 is compared with a target output energy Pd* of the engine 50,
instead of with the threshold value Pdref. When the output energy Pd is greater than the target output energy Pd*, the
program executes the processing at steps S226 through $238. When the output energy Pd becomes equal to the target
output energy Pd*, on the other hand, the program executes steps S230 through S238. This structure can decrease the
output energy Pd of the engine S0 without varying the output torque to the drive shaft 22.

In the power output apparatus 20B of Fig. 12 given as the second embodiment discussed above, the assist motor
40 is attached to the-crankshaft 56 placed between the engine 50 and the clutch motor 30. Like another power output
apparatus 20C illustrated in Fig. 15, however, the engine 50 may be interposed between the dutch motor 30 and the
assist motor 40, both of which are linked with the crankshaft 56.

In the power output apparatus 20B of Fig. 12, the clutch motor 30 and the assist motor 40 are separately attached
to the different positions of the crankshaft 56. Like a power output apparatus 20D shown in Fig. 16, however, the clutch
motor and the assist motor may integrally be joined with each other. A clutch motor. 30D of the power output apparatus
20D includes an outer rotor 32D connecting with the crankshaft 56 and an inner rotor 34 linked with the drive shaft 22.
Three-phase coils 36 are attached to the inner rator 34, and permanent magnets 35D are set on the outer rotor 32D in
such a manner that the outer surface and the inner surface thereof have different magnetic poles. An assist motor 40D
includes the outer rotor 32D of the clutch motor 30D and a stator 43 with three-phase coils 44 mounted thereon. In this
structure, the outer rotor 32D of the clutch motor 30D also.works as a rotor of the assist motor 40D.

In the power output apparatus 20D, the voltage applied to the three-phase coils 36 on the inner rotor 34 is controlled
against the inner-surface magnetic pole of the permanent magnets 35D set on the outer rotor 32D. This allows the
clutch motor 30D to work in the same manner as the clutch motor 30 of the power output apparatus 20B shown in Fig.
12. The voltage applied to the three-phase coils 44 on the stator 43 is controlled against the outer-surface magnetic
pole of the permanent magnets 35D set on the outer rotor 32D. This allows the assist motor 40D to work in the same
manner as the assist motor 40 of the power output apparatus 20B.- The torque control routine of Fig. 13 and the engine
stop-fime torque control routine of Fig. 14 are also applicable to the power output apparatus 20D shown in Fig. 16,
which accordingly implements the same operations-and exerts the same effects as those of the power output apparatus
20B shown in Fig. 12.

Like the power output apparatus 20A shown in Fig. 11, in the power output apparatus 20D of Fig. 16, the outer rotor
32D functions concurrently as one of the rotors in the clutch motor 30D:and as the rotor of the assist motor 40D, thereby
effectively reducing the size and weight of the whole power output apparatus 20D.- :

There-may be many other modifications, alternations, and changes without departing from the scope or spirit of
essential characteristics of the invention. It i is thus clearly. understood that the above embodiments-are only illustrative
and not restrictive in any sense.

The gasoline engine driven by means of gasolme is used as the engine 50.in the above power output apparatuses.
The principle of the invention is, .however, applicable to other- internal combustion engines and external combustion
engines, such as Diesel engines, turbine engines, and jet engines.

Permanent magnet (PM)-type synchronous motors are used for the clutch motor 30 and the assist motor 40 in the
power output apparatuses described above. Other motors such as variable reluctance (VR)-type synchronous motors,
vernier motors, d.c. motors, induction motors, superconducting motors, and stepping motors may be used for the regen-
erative operation and the power operation.

The rotary.transformer 38 used as means for transmitting electric power to the clutch motor 30 may be replaced by
a slip ring-brush contact, a slip ring-mercury contact, a semiconductor coupling of magnetic energy, or the like.

In the above power output apparatuses, transistor inverters are used for the first and the second driving circuits 91
and 92. Other examples applicable to the driving circuits 91 and 92.include IGBT (insulated gate bipolar mode transis-
tor) inverters, thyristor inverters, voltage PWM (pulse width modulation) inverters, square-wave inverters (voltage invert-
ers and current inverters), and resonance inverters.

Thebattery 94 may include Pb cells, NiMH cells, Li cells, or the Iike cells. A capacitor may be used in place of the
battery 94.

Although the power output apparatus-is mounted on the vehicle in the above embodiments, it may be mounted on
other transportation means like ships and airplanes as well as a variety of industrial machines.

The scope and spirit of the present invention are limited only by the terms of the appended claims.

Claims
1. Apower output apparatus for outputting power to a drive shaft, said power output apparatus comprising:

an engine having an output shaft;
engine driving means for driving said engine;
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a first motor comprising a first rotor connected with said output shaft of said engine and a second rator con-
nected with said drive shaft, said second rotor being coaxial to and rotatable relative to said first rotor, whereby
power is transmitted between said output shaft of said engine and said drive shaft via an electromagnetic con-
nection of said first rator and said second rotor;

5 a first motor-driving circuit for controlling degree of electromagnetic connection of said first rotor and said sec-
ond rotor in said first motor and regulating rotation of said second rotor relative to said first rotor;

a second motor connected with said drive shaft;
a second motor-driving circuit for driving and controlling said second motor;
-a storage battery being charged with power regenerated by said first motor via said first motor-driving circuit,

10 being charged with power regenerated by said second motor via said second motor-driving circuit, discharging
power required to drive said first motor via said first motor-driving circuit, and discharging power required to

*drive said second motor via said second motor-driving circuit;
power decrease signal detection means for detecting power decrease signal to-decrease power output from
said engine;

15 driving circuit control means for, when said power decrease signal detection means detects the power
decrease signal, controlling said first motor-driving. circuit in response to said signal to gradually decrease the
degree of electromagnetic connection of said first rotor with said second rotor in said first motor and controlling
said second motor-driving circuit to enable said second motor to use power stored in said storage battery and
make up for a decrease in power transmitted by said first motor accompanied by the decrease in degree of

20 electromagnetic connection; and
engine power decreasing means for controliing said engine driving means to decrease the power output from
said engine with the decrease in the degree of electromagnetic connection of said first rotor with said second
rotor accomplished by said driving circuit control means.

25 2. Apower output apparatus in accordance with claim 1, wherein said power decrease signal detection means com-
prises means for detecting an engine stop signal to stop operation of said engine; and

wherein said engine power decreasing means comprises means for-controlling said engine driving means to
stop supply of fuel into said engine and terminate operation of said engine when said driving circuit contro!
30 means releases the electromagnetic connection of said first rotor with said second rotor in said first motor.

3. A power output apparatus for outputting power to a drive shaft, said power output apparatus comprising:

an engine having an output shaft;
a5 engine driving means for driving said engine;
a complex motor comprising a first rotor connected with-said output shaft of said engine, a second rotor con-
nected with said drive shaft being coaxial to and rotatable relative to said first rotor, and a stator for rotating said
second rotor, said first rotor and said second rotor constituting a first motor, said second rotor and said stator
constituting a second motor;
40 a first motor-driving circuit for driving and controlling said first motor in said complex motor;
a second motor-driving circuit for driving and controlling said second motor in said complex motor;
a storage battery being charged with power regenerated by said first motor via said first motor-driving circuit,
being charged with power regenerated by said second motor via said second motor-driving circuit, discharging
power required to drive said first motor via said first motor-driving circuit, and dlschargmg power required to
45 drive said second motor via said second motor-driving circuit;
power decrease signal detection means for detecting power decrease sngnal to deorease power output from
said engine;
driving circuit control means for, when said power decrease signal detection means detects the power
decrease signal, controlling said first motor-driving circuit in response to said signal to gradually decrease the
50 degree of electromagnetic connection of said first rotor with said second rotor in said first motor and controlling
said second motor-driving circuit to enable said second motor to use power stored in said storage battery and
make up for a decrease in power transmitted by said first motor awompamed by the decrease in degree of
electromagnetic connection; and
engine power decreasing means for controlling said engine drwmg means to decrease the power output from
55 said engine with the decrease in the degree of electromagnetic connection of said first rator with said second
rotor accomplished by said driving circuit contro! means.

4. A power output apparatus in accordance with daim 3, wherein said power decrease signal detection means com-

prises means for detecting an engine stop signal to stop operation of said engine; and
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wherein said engine power decreasing means comprises means for controlling said engine driving means
to stop supply of fuel into said engine and terminate operation of said engine when said driving circuit control
means releases the electromagnetic connection of said first rotor with said second rotor in said first motor.

5. A power output apparatus for outputting power to a drive shaft, said power output apparatus comprising:

an engine having an output shaft;

engine driving means for driving said engine;

a first motor. comprising a first rotor connected with said output shaft of said engine and a second rotor con-
nected with said drive shaft, said first motor being coaxial to and rotatable relative to said first rotor, whereby
power is transmitted between said output shaft of said engine-and said drive shatft via an electromagnetic con-
nection of said first rotor and said second rotor;

a first motor-driving-circuit for controlling degree of electromagnetic connection of said first rotor and said sec-
ond rotor in said first motor and regulating rotation of said second rotor relative to said first rotor;

a second motor connectied with the output shaft of said engine;

a second motor-driving circuit for driving and controlling said second motor;

a storage battery being charged with power regenerated by said first motor via said first motor-driving circuit,
being charged with power regenerated by said second motor via said second motor-driving circuit, discharging
power required to drive said first-motor via said first motor-driving circuit, and discharging power required to
drive said second motor via said second motor-driving circuit;

power decrease signal detection means for detecting power decrease signal to decrease power output from
said engine;

engine power decreasing means for, when said power decrease signal detection means detects the power
decrease signal, controlling said engine driving means in response to said signal to gradually decrease the
power output from said engine; and

driving circuit control means for controlling said first motor-driving circuit and said second motor-driving circuit
to enable said first motor and said second motor to use power stored in said storage battery and make up for
the decrease in power output-from said englne aocomphshed by said engine power decreasing means.

6. A power output apparatus in accordance with clalm 5 wherein sald driving circuit control means comprises meane
for controlling said first motor-driving circuit to enable said first motor to make up for a decrease in revolving speed
of the output shaft:of said engine among the decrease:in power output from said engine, and controlling said sec-
ond motor-driving circuit to enable said second motor to make up for a decrease in torque among the decrease in
power output from said engine.

7. A power output apparatus in accordance with claim 6, wherein said power decrease signal detection means com-
prises meane for.detecting an engine stop signal to stop operation of said engine; and
wherein said engine power decreasing means comprises meane for controlling said engnne drlvmg means
to stop supply of fuel into said engine and terminate operation of said engine when the power output from said
engine becomes equal to zero.

8. A power output apparatus for outputting power to a drive shaft, said power output apparatus comprising:

an engine having an output shaft;

engine driving means for driving said engine;

"a complex motor comprising a first rotor. connected with said output shaft of said engine, a second rotor-con-
nected with said drive shaft being coaxial to and rotatable relative to said first rotor, and a stator for rotating said
first rotor, said first rotor and said second rotor constituting a first motor, said first rotor and said stator consti-
tuting a second motor;

a first-motor-driving circuit for driving and controlling said first motor in said complex motor;

a second motor-driving circuit for driving and controlling said second motor in said complex motor;

a storage battery being charged with power regenerated by said-first motor via said first motor-driving circuit,
being charged with power regenerated by said second motor via said second motor-driving circuit, discharging
power required to drive said first motor via said first motor-driving circuit, and discharging power required to
drive said second motor via said second motor-driving circuit;

power decrease signal detection means for detecting power decrease signal to deorease power output from
said engine; .
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engine power decreasing means for, when-said power decrease signal detection means detects the power

decrease signal, controlling said engine driving means in response to said signal to gradually decrease the

power output from said engine; and

driving circuit control means for controlling said first motor-driving circuit and said second motor-driving circuit
5 to enable said first motor and said second motor to use power stored in said storage battery and make up for

the decrease in power output from said engine accomplished by said engine power decreasing means.

9. A power output apparatus in accordance with claim 8, wherein said driving circuit control means comprises means
for controlling said first motor-driving circuit to enable said first motor to make up for a decrease in revolving speed
10 of the output shaft of said engine among the decrease in power output from said engine, and controlling said sec-
ond motor-driving circuit to enable said second motor to make up for a decrease in torque among the decrease in
power output from said engine.

10. A power output apparatus in accordance with daim 9, wherein said power decrease signal detection means com-
15 prises means for detecting an engine stop signal to stop operation of said engine; and
wherein said engine power decreasing means comprises means for controlling said engine driving means
to stop supply of fuel into said engine and terminate operation of said engine when the power output from said
engine becomes equal to zero.

20 11. Amethod of controlling a power output apparatus for outputting power to a drive shaft, said method comprising the
steps of:

(a) providing an engine having an output shaft; engine driving means for driving said engine; a first motor com-

prising a first rotor connected with said output shaft of said engine and a second rotor connected with said drive
25 shaft, said first motor being coaxial to and rotatable relative to said first rotor, whereby power is transmitted

between said output shaft of said engine and said drive shaft via an electromagnetic connection of said first

rotor and said second rotor; a second motor connected with said drive shaft; and a storage battery being

charged with power regenerated by said first motor, being charged with power regenerated by said second

motor, discharging power required to drive said first motor, and discharging power required to drive said sec-
30 ond motor;

(b) detecting power decrease signal to decrease power output from said engine;

(c) controlling said first motor in response to the power decrease signal, to gradually decrease the degree of

electromagnetic connection of said first rotor with said second rotor in said first motor;

(d) controlling said second motor to enable said second motor to use power stored in said storage battery and
35 make up for a decrease in power transmitted by said first motor accompanied by the decrease in degree of

electromagnetic connection; and

(e) controlling said engine driving means to decrease the power output from said engine with the decrease in

degree of electromagnetic connection of said first rotor with said second rotor accomplished in said step (c).

40 12. Amethod in accordance with claim 11, wherein the power decrease signal detected represents an engine stop sig-
nal to stop operation of said engine,
said step (e) further comprising the step of controlling said engine driving means to stop supply of fuel into
said engine and terminate operation of said engine when the electromagnetic connection of said first rotor with said
second rotor in said first motor has been decreased to a release position in response to the engine stop signal.
45
13. A method of controlling a power output apparatus for outputting power to a drive shatft, said method comprising the
steps of:

(a) providing an engine having an output shaft; engine driving means for driving said engine; a first motor com-
50 prising a first rotor connected with said output shaft of said engine and a second rotor connected with said drive

shaft, said second rotor being coaxial to and rotatable relative to said first rotor, whereby power is trangmitted

between said output shatft of said engine and said drive shaft via an electromagnetic connection of said first

rotor and said second rotor; a second motor connected with the output shaft of said engine; and a storage bat-

tery being charged with power regenerated by said first motor, being charged with power regenerated by said
55 second motor, discharging power required to drive said first motor, and discharging power required to drive

said second motor;

(b) detecting power decrease signal to decrease power output from said engine;

(c) controlling said engine driving means in response to the power decrease signal, to gradually decrease the

power output from said engine; and
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(d) controlling said first motor and said second motor to enable said first motor and said second motor to use
power stored in said-storage battery and make up for the decrease in power output from said engine accom-
plished in said step (c).

14. A method in accordance with claim 13, wherein said step (d) further comprises the steps of:

(e) controlling said first motor to enable said first motor to make up for a decrease in revolving speed of the out-
put shaft of said engine among the decrease in power output from said engine; and

(f) controlling said second motor to enable said second mator to make up for a-decrease in torque among the
decrease in power output from said engine.
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Description

1.Field of the Invention

The present invention relates to an engine contraller, a power output apparatus, and methods of controlling an
engine and the power output apparatus. More specifically the present invention pertains to a technique of stopping the
operation of an engine in a system including the engine for outputting power through combustion of a fuel and a motor
connected to an output shatt of the engine via a damper as well as to a technique of stopping the operation of an engine
in a power output apparatus for outputting power to a drive shaft.

2. Description of the Related Art

Known power output apparatuses for carrying out torque conversion of power output from an engine and outputting
the converted power to a drive shaft include a combination of a fluid-based torque converter with a transmission. In
such a power output apparatus, the torque converter is disposed between an output shatt of the engine and a rotating
shaft linked with the transmission, and transmits the power between the rotating shaft and the output shaft through a
flow of the sealed fluid. Since the torque converter transmits the power through a flow of the fluid, there is a slip between
the output shaft and the rotating shaft, which leads to an energy loss corresponding to the slip. The energy loss is
expressed as the product of the revolving speed difference between the rotating shaft and the output shaft and the
torque transmitted to the output shatft, and is consumed as heat.

In a vehicle with such a power output apparatus mounted thereon as its power source, at the time when there is a
large slip between the rotating shaft and the output shaft, that is, when a significantly large power is required, for exam-
ple, at the time of starting the vehicle or running the vehicle on an upward slope at a low speed, a large energy loss in
the torque converter undesirably lowers the energy efficiency. Even in a stationary driving state, the efficiency of power
transmission by the torque converter is not 100%, and the fuel consumption rate in the conventional power output appa-
ratus is thereby lower than that in a manual transmission.

In order to solve such problems; the applicants have proposed a system that does not include the fluid-based
torque converter but has an engine, a planetary gear unit as three shaft-type power input/output means, a generator, a
motor, and a battery and outputs the power from the motor to the drive shaft by utilizing the power output from the
engine or electric power stored in the battery (JAPANESE PATENT LAYING-OPEN GAZETTE No. 50-30223). In this
reference, however, there is no description of the control procedure when the operation of the engine is stopped.

In this power output apparatus, the output shaft of the engirie and the rotating shaft of the motor are mechanically
linked with each other by the three shaft-type power input/output means, and thus mechanically constitute one vibrating
system. When the engine is an internal combustion engine, for example, a torque variation due to a gas explosion or
reciprocating motions of the piston in the internal combustion engine causés torsional vibrations on the output shaft of
the internal combustion engine and the rotating shaft of the motor. When the natural frequency of the shaft coincides
with the forcible frequency, a resonance occurs. This may result in a foreign noise from the three shaft-type power
input/output means and even in a fatigue destruction of the shaft in some cases. Such a resonance occurs in many
cases at a revolving speed lower than the minimum of an operable revolving speed range of the engine, although it
depends upon the type of the engine and the structure of the three shaft-type power input/output means.

The resonance of the torsional vibrations that may occur in the system at the time of stopping the operation of the
engine is observed not only in the power output apparatus but in any driving system, wherein the output shaft of the
engine and the rotating shaft of the motor are mechanically linked with each other. The primary countermeasure against
these troubles is that the output shatt of the engine and the rotating shaft of the motor are mechanically linked with each
other via a damper. The dampers having a significant effect on reduction of the amplitude of the torsional vibrations,
however, réquire a special damping mechanism. This increases the required number of parts and makes the damper
undesirably bulky. The small-sized simply-structured dampers, on the other hand, have little effects. o

The motor is generally under the Pl control. In the procedure of outputting a torque from the motor to the output
shaft of the engine and thereby positively stopping the operation of the engine, the | term (integral term) may result in
undershooting the output shatt of the engine, which causes a vibration of the whole driving system. When the driving
system is mounted, for example, on a vehicle, the vibration due to undershooting is transmitted to the vehicle body and
makes the driver uncomfortable.

SUMMARY OF THE INVENTION
One object of the present invention is to provide a power output apparatus for outputting power from an engine to

a drive shaft with a high efficiency, as well as a method of controlling such a power output apparatus.
Another object of the present invention is to provide a control technique of stopping the operation of an engine in a
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power output apparatus, which includes the engine, three shaft-t&pe power input/output means, and two motors.

Still another object of the invention is to provide a power output apparatus which can prevent a resonance of tor-
sional vibrations that may occur in the system when the operation of the engine is stopped, as well as to provide a
method of controlling such a power output apparatus.

In the process of applying a torque from the motor to the output shaft of the engine to stop the operation of the
engine, the control procedure of the motor may cause the revolving speed of the output shaft of the engine to under-
shoot and become smaller than zero. This may result in undesirable vibrations of the whole power output apparatus. In
case that the power output apparatus is mounted on a vehicle, for exarmple, the vibrations due to the undershoct are
transmitted to the vehicle body and makes the driver uncomfortable.

This problem, that is, the resonance of torsional vibrations that may occur in the system in the course of stopping
the operation of the engine, is not restricted to the power output apparatus, but arises in any driving system wherein the
output shaft of the engine and the rotating shaft of the motor are mechanically connected to each other. The primary
countermeasure against this problem is that the output shaft of the engine and the rotating shaft of the motor are
mechanically linked with each other via a damper. The dampers having a significant eftect on reduction of the amplitude
of the torsional vibrations, however, require a special damping mechanism. This increases the required number of parts
and makes the damper undesirably bulky. The small-sized simply-structured dampers, on the other hand, have little
effects.

This problem is found not only in the structure that directly outputs power but in the structure of series hybrid that
has a motor and a generator directly connected to each other and obtains a torque by the motor driven by means of the
electric power generated by the generator while the vehicle is on a run.

SUMMARY OF THE INVENTION

One object of the present invention is thus to provide a power output apparatus that prevents resonance of torsional
vibrations which may occur in a system in the course of stopping the operation of an engine, as well as a method of
controlling such a power output apparatus.

Another object of the present invention is accordingly to reduce vibrations that may occur in the course of stopping
the operation of an engine.

Still another object of the present invention is thus to provide an engine controller that prevents resonance of tor-
sional vibrations which may occur in a system in the course of stopping the operation of an engine, irrespective of the
type of a damper, as well as a method of controlling the engine.

At least part of the above and the other related objects is realized by a power output apparatus for outputting power
to a drive shaft, which includes: an engine having an output shaft; a first motor having a rotating shaft and inputting and
outputting power to and from the rotating shaft; a second motor inputting and outputting power to and from the drive
shaft; three shaft-type power input/output means having three shafts respectively linked with the drive shaft, the output
shaft, and the rotating shaft, the three shaft-type power input/output means inputting and outputting power to and from
a residual one shaft, based on predetermined powers input to and output from any two shafts among the three shafts;
fuel stop instruction means for giving an instruction to stop fuel supply to the engine when a condition-of stopping oper-
ation of the engine is fulfilled; and stop-time control means for causing a torque to be applied to the output shaft of the
engine and thereby restricting a deceleration of revolving speed of the output shaft to a predetermined range in
response to the instruction to stop the fuel supply to the engine, so as to implement a stop-time control for stopping the
operation of the engine.

The present invention is also directed to a method of controlling such a power output apparatus. The method con-
trols the power output apparatus, which includes: an engine having an output shatft; a first motor having a rotating shaft
and inputting and outputting power to and from the rotating shaft; a second motor inputting and outputting power to and
from the drive shaft; and three shaft-type power input/output means having three shafts respectively linked with the
drive shatt, the output shaft, and the rotating shaft, the three shaft-type power input/output means inputting and output-
ting power to and from a residual one shaft, based on predetermined powers input to and output from any two shafts
among the three shafts. The method includes the steps of:

giving an instruction to stop fuel supply to the engine when a condition of stopping operation of the engine is ful-
filled; and

causing a torque to be applied to the output shaft of the engine and thereby restricting a deceleration of revolving
speed of the output shaft to a predetermined range in response to the instruction to stop the fuel supply to the
engine, so as to implement a stop-time control for stopping the operation of the engine.

When the condition to stop the operation of the engine is fuffilled, the power output apparatus of the present inven-
tion gives an instruction to stop fuel supply to the engine and carries out the stop-time control. The stop-time control
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applies a torque to the output shaft of the engine and thereby restricts the deceleration of the revolving speed of the
output shaft to a predetermined range, so as 10 stop the operation of the engine. The torque may be applied from either
the first motor or the second motor to the output shaft of the engine.

This procedure restricts the deceleration of the revolving speed of the output shaft to a predetermined range.and
enables the revolving speed of the output shaft fo quickly pass through' a range of torsional vibrations. This structure
also saves the consumption of electric power by the motor.

A variety of structures may be applied to the stop-time control. One available structure carries out open-loop control
of the torque applied to the output shaft. In this case, the power output apparatus further includes target torque storage
means for determining a time-based variation in target value of the torque applied to the output shatft of the engine,
based on a behavior at the-time of stopping the operation of the engine. The stop-time control means has means for
driving the first motor, as the stop-time control, to apply a torque corresponding to the target value to the output shaft of
the engine along a time course after the stop of the engine via the three shaft-type power input/output means.

This structure does not carry out the feedback control based on the revolving speed of the output shaft and accord-
ingly reduces the variation in torque on the drive shatft without causing a variation in torque due to the state of the power
output apparatus or an external disturbance. Even when the revolving speed of the output shaft is significantly different
from a target revolving speed (generally equal to zero under the condition of the vehicle at a stop), this structure does
not execute the feedback control based on the revolving speed difference to output a large torque and thus effectively
saves the consumption of electric power. )

In order to optimize such open-loop control, the power output apparatus may further include: deceleration comput-
ing means for computing the deceleration of revolving speed of the output shaft during the course of the stop-time con-
trol; learning means for varying a learnt value according to the deceleration computed by the deceleration computing
means and storing the learnt value; and deceleration range determination means for determining the predetermined
range in the stop-time control carried out by the stop-time control means, based on the learnt value stored by the learn-
ing means. This structure learns the range of deceleration and thereby realizes the preferable control.

In accordance with another possible application, the power output apparatus further includes revolving speed
detection means for measuring the revolving speed of the output shaft, and the stop-time control means has means for
driving the first motor, as the stop-time control, in order to enable the revolving speed of the output shaft measured by
the revolving speed detection means to approach a predetermined value via a predetermined pathway. The predeter-
mined pathway represents a time course of revolving speed of the output shaft of the engine after the stop of fuel'supply
to the engine.

In response to the instruction to stop the operation of the engine, the power output apparatus.of this structure ena-
bles the revolving speed of the output shaft of the engine to approach a predetermined value via a predetermined path-
way. The revolving speed of the output shatt of the engine can be made to reach the predetermined value within a short
time or within a relatively long time by regulating the predetermined pathway. In case that the predetermined value is
equal to zero, the rotation of the output shaft of the engine can be stopped quickly or gently.

In the power output apparatus of this structure, the stop-time control may drive the first motor to apply a torque in
reverse of the rotation.of the output shatt via the three shaft-type power input/output means to the output shaft, until the
revolving speed of the output shaft measured by the revolving speed detection means becomes coincident with the pre-
determined value. This structure enables the revolving speed of the output shaft of the engine to approach the prede-
termined value more quickly. When a specific revolving speed range that causes a resonance of a torsional vibration
exists between the predetermined value and the revolving speed of the output shaft of the engine at the time when the
instruction to stop the operation of the engine is given, the structure allows the revolving speed of the output shatt of the
engine to swiftly pass through this specific range and thereby effectively prevents a resonance.

In the power output apparatus of this structure, as part of the stop-time control, the first motor may be driven to
apply a predetermined torque in the direction of rotation of the output shaft via the three shaft-type power input/output
means to the output shaft, when the revolving speed of the output shaft measured by the revolving speed detection
means decreases to a reference value, which is not greater than the predetermined value. This structure prevents the
revolving speed of the engine from undershooting and reduces the possible vibration in the course of stopping the rota-
tion of the output shaft.

A variety of techniques may be applied to determine the reference value. One possible structure computes the
deceleration of revolving speed of the output shaft during the course of the stop-time control, and sets a larger value to
the reference value against a greater absolute value of the deceleration. The larger reference value for the greater
deceleration effectively prevents the revolving speed of the output shaft from undershooting. Another possible structure
determines the magnitude of a braking force applied to the drive shaft during the course of the stop-time contro!, and
sets a larger value to the reference value when the braking force detection means determines that the braking force has
a large magnitude. During application of the braking force, it can be assumed that a large force is applied to stop the
engine. The larger reference value accordingly prevents the revolving speed of the output shaft from undershooting.

In the power output apparatus of the present invention, the stop-time control means may drive the first motor to
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make the power input to and output from the rotating shaft equal to zero. The first motor does not consume any electric
power, so that this structure improves the energy efficiency of the whole power output apparatus. Since the first motor
does not forcibly change the driving state of the output shaft of the engine, the torque shock due to an operation stop
of the engine can be effectively reduced. The engine and the first motor are stably kept in the driving state having the
least sum of the energies consumed thereby (for example, the frictional work).

In the power output apparatus of the present invention, the predetermined value may be a revolving speed that is
lower than a resonance range of torsional vibrations in a system including the output shaft and the three shaft-type
power inputoutput means. This structure effectively prevents torsional vibrations.

In accordance with another preferable structure, the second motor is driven to continue power input and output to
and from the drive shaft, when the instruction to stop the operation of the engine is given in the course of continuous
power input and output to and from the drive shaft. This structure enables the operation of the engine to be stopped
while the power is continuously input to and output from the drive shaft. The input and output of the power to and from
the drive shatft is implemented by the second motor.

The present invention is also directed to an engine controller having an engine for outputting power through com-
bustion of a fuel and a motor connected to an output shatft of the engine via a damper. The engine controller controls
operation and stop of the engine and includes: fuel stop means for stopping fuel supply to the engine when a condition
to stop the operation of the engine is fulfilled; and stop-time control means for causing a torque to be applied to the out-
put shaft of the engine and thereby restricting a deceleration of revolving speed of the output shaft to a predetermined
range in response to the stop of fuel supply to the engine, so as to implement a stop-time control for stopping the oper-
ation of the engine.

The present invention is further directed to a method of controlling stop of an engine, which outputs power through
combustion of a fuel and has an output shaft connected to a motor via a damper. The method includes the steps of:

stopping fuel supply to the engine when a condition to stop operation of the engine is fulfilled; and causing a torque
to be applied to the output shaft of the engine and thereby restricting a deceleration of revolving speed of the output
shaft to a predetermined range in response to the stop of fuel supply to the engine, so as to implement a stop-time
control for stopping the operation of the engine.

The engine controller and the corresponding method of the present invention controls stop of the engine that has
an output shaft connected to a motor via a damper, and reduces the torsional vibrations that may occur on the output
shaft of the engine connected to the motor via the damper. When the condition to stop the operation of the engine is
fulfilled, the engine controller stops.the fuel supply to the engine and applies a torque to the output shaft of the engine,
thereby restricting the deceleration of the revolving speed of the output shaft to a predetermined range and stopping
the operation of the engine. The torsional vibrations on the output shaft tend to occur at a predetermined deceleration.
The restriction of the deceleration of the revolving speed of the output shaft to the predetermined range thus effectively
reduces the torsional vibrations. .

A variety of structures may be applied to the stop-time control that restricts the deceleration of the revolving speed
of the output shaft to a predetermined range. One available structure carries out open-loop control that specifies a var-
iation in target value of the torque applied to the output shaft along the time axis. In this case, the engine controller fur-
ther includes target torque storage means for determining a time-based variation in target value of the torque applied

- to the output shatft of the engine, based on a behavior at the time of stopping the operation of the engine. The stop-time

control means has means for driving the motor, as the stop-time control, to apply a torque corresponding to the target
value to the output shaft of the engine along a time course after the stop of the engine.

This structure does not carry out the feedback control based on the revolving speed of the output shaft and accord-
ingly does not vary the torque applied to the output shaft by an external disturbance. Even when the revolving speed of
the output shaft is significantly different from'a target revolving speed (generally equal to zero under the condition of the
vehicle at a stop), this structure does not execute the feedback control based on the revolving speed difference to output
a large torque and thus effectively saves the consumption of electric power.

In order to optimize such open-loop control, the engine controller may further include: deceleration computing
means for computing the deceleration of revolving speed of the output shaft during the course of the stop-time control;
learning means for varying a learnt value according to the deceleration computed by the deceleration computing means
and storing the learnt value; and deceleration range determination means for determining the predetermined range in
the stop-time control carried out by the stop-time control means, based on the learnt value stored by the learning
means. This structure fearns the range of deceleration and thereby realizes the preferable control.

In accordance with another possible application, the engine controller further includes revolving speed detection
means for measuring the revolving speed of the output shaft, and the stop-time controt means has means for driving
the motor, as the stop-time control, in order to enable the revolving speed of the output shaft measured by the revolving
speed detection means to approach a predetermined value via a predetermined pathway. The predetermined pathway
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represents a time course of revolving speed of the output shaft of the engine after the stop of fuel supply to the engine.

In response to the instruction to stop the operation of the engine, the engine controller of this structure enables the
revolving speed of the output shatt of the engine to approach a predetermined value via a predetermined pathway. The
revolving speed of the output shaft of the engine can be made to reach the predetermined value within a short time or
within a relatively long time by regulating the predetermined pathway. In any case, the deceleration is restricted to a pre-
determined range that is out of a specific range causing torsional vibrations on the output shaft.

In the engine controller of this structure, the stop-time control may drive the motor to apply a torque in reverse of
the rotation of the output shaft to the output shaft, until the revolving speed of the output shaft measured by the revolving
speed detection means becomes coincident with the predetermined value. This structure enables the revolving speed
of the output shaft of the engine to approach the predetermined value more quickly. When a specific revolving speed
range that causes a resonance of a torsional vibration exists between the predetermined value and the revolving speed
of the output shaft of the engine at the time when the instruction to stop the operation of the engine is given, the struc-
ture allows the revotving speed of the output shaft of the engine to swiftly pass through this specific range and thereby
effectively prevents a resonance.

In the engine controller of this structure, as part of the stop-time control, the motor may be driven to apply a prede-
termined torque in the direction of rotation of the output shaft to the output shaft, when the revolving speed of the output
shaft measured by the revolving speed detection means decreases to a reference value, which is not greater than the
predetermined value. This structure prevents the revolving speed of the engine from undershooting and reduces the
possible vibration in the course of stopping the rotation of the output shaft.

A variety of techniques may be applied to determine the reference value. One possible structure computes the
deceleration of revolving speed of the output shaft during the course of the stop-time control, and sets a larger value to
the reference. value against a greater absolute value of the deceleration. The larger reference value for the greater
deceleration effectively prevents the revolving speed of the output shaft from undershooting.

In the engine controller of the present invention, the predetermined value may be a revolving speed that is lower
than a resonance range of torsional vibrations in a system including the output shaft and a rotor of the motor. This struc-

ture effectively prevents torsional vibrations.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 schematically illustrates structure of a power output apparatus 110 embodying the present invention;
Fig. 2 is an enlarged view illustrating an essential part of the power output apparatus 110 of the embodiment;
Fig. 3 schematically illustrates general structure of a vehicle with the power output apparatus 110 of the embodi-
ment incorporated therein; .
Fig. 4 is a graph showing the operation principle of the power output apparatus 110 of the embodiment;

Fig. 5 is a nomogram showing the relationship between the revolving speed and the torque on the three shafts
linked with the planetary gear 120 in the power output apparatus 110 of the embodiment; :

Fig. 6 is a nomogram showing the relationship between the revolving speed and the torque on the three shafts
linked with the planetary gear 120 in the power output apparatus 110 of the embodiment;

Fig. 7 is a flowchart showing an.engine stop control routine executed by the control CPU 190 of the controller 180;
Fig. 8 is @ map showing the relationship between the time counter TC and the target revolving speed Ne* of the
engine 150;

Fig. 9 is a flowchart showing a required torque setting routine executed by the control CPU 190 of the controller
180;

Fig. 10 shows the relationship between: the revolving speed Nr of the ring gear shaft 126, the accelérator pedal
position AP, and the torque command value Tr*;

Fig. 11'is a flowchart showing a control routine of the first motor MG1 executed by the control CPU 190 of the con-
troller 180;

Fig. 12 is a flowchart showing a control routine of the second motor MG2 executed by the control CPU 190 of the
controller 180;

Fig. 13 is a nomogram showing the state when the engine stop control routine of Fig. 7 is carried out for the first
time;

Fig. 14 is a nomogram showing the state when the processing of steps S106 through S116 in the engine stop con-
trol routine has repeatedly been executed;

Fig. 15 is a nomogram showing the state when the revolving speed Ne of the engine 150 becomes equal toorless
than the threshold value Nref;

Fig. 16 shows variations in revolving speed Ne of the engine 150 and torque Tm1 of the first motor MG1

Fig. 17 is a flowchart showing a modified engine stop control routine;

Fig. 18 schematically illustrates another power output apparatus 110A as a modified example;
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Fig. 19 schematically illustrates still another power output apparatus 110B as another modified example;

Fig. 20 schematically illustrates structure of another power output apparatus 110" as a second embodiment accord:
ing to the present invention;

Fig. 21 illustrates an exemplitied structure of an open-close timing changing mechanism 153;

Fig. 22 is a flowchart showing an engine stop control routine carried out in the second embodiment;

Fig. 23 is a graph showing the reduction torque STGmn plotted against the vehicle speed;

Fig. 24 is a graph showing the processing time mntg of slower speed reduction plotted against the vehicle speed;
Fig. 25 is a flowchart showing an open-loop control routine;

Fig. 26 is a flowchart showing a processing routine to prevent undershoot;

Fig. 27 is a graph showing an example of the control process carried out in the second embodiment;

Fig. 28 schematically illustrates structure of a four-wheel-drive vehicle with a power output apparatus 110C incor-
porated therein; and

Fig. 29 schematically illustrates another power output apparatus 310 as another modified example.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

One mode of carrying out the present invention is described as a preferred embodiment. Fig. 1 schematically illus-
trates structure of a power output apparatus 110 embodying the present invention; Fig. 2 is an enlarged view illustrating
an essential part of the power output apparatus 110 of the embodiment; and Fig. 3 schematically illustrates general
structure of a vehicle with the power output apparatus 110 of the embodiment incorporated therein. The general struc-
ture-of the vehicle is described first for the convenience of explanation.

Referring to Fig. 3, the vehicle is provided with an engine 150 which consumes gasoline as a fuel and outputs
power. The air ingested from an air supply system via a throttle valve 166 is mixed with a fuel, that is, gasoline in this
embodiment, injected from a fuel injection valve 151. The airfuel mixture is supplied into a combustion chamber 152 to
be explosively ignited and burned. Linear motion of a piston 154 pressed down by the explosion of the airffuel mixture
is converted to rotational motion of a crankshaft 156. The throttle valve 166 is driven to open and close by an actuator
168, An ignition plug 162 converts a high voltage applied from an igniter 158 via a distributor 160 to a spark, which
explosively ignites and combusts the air/fuel mixture.

Operation of the engine 150 is controlled by an electronic control unit (hereinafter referred to as EFIECU) 170. The
EFIECU 170 receives information from various sensors, which detect operating conditions of the engine 150. These
sensors include a throttle vaive position sensor 167 for detecting a valve travel or position of the throttle valve 166, a
manifold vacuum sensor 172 for measuring a load applied to the engine 150, a water temperature sensor 174 for meas-
uring the temperature of cooling water in the engine 150, and a speed sensor 176 and an angle sensor 178 mounted
on the distributor 160 for measuring the revolving speed (the number of revolutions per a predetermined time period)
and the rotational angle of the crankshaft 156. A starter switch 179 for detecting a starting condition ST of an ignition
key (not shown) is also connected to the EFIECU 170. Other sensors and switches connecting with the EFIECU 170
are omitted from the illustration. :

The crankshaft 156 of the engine 150 is linked with a planetary gear 120, a first motor MG1, and a second moto
MG2 (described later) via a damper 157 that reduces the amplitude of torsional vibrations occurring on the crankshaft
166. The crankshaft 156 is further connected to a differential gear 114 via a power transmission gear 111, which is
linked with a drive shaft 112 working as the rotating shaft of the power transmission gear 111. The power output from
the power output apparatus 110 is thus eventually transmitted to left and right driving wheels 116 and 118. The first
motor MG1 and the second motor MG2 are electrically connected to and controlled by a controller 180. The controller
180 includes an internal control CPU and receives inputs from a gearshift position sensor 184 attached to a gearshift
182, an accelerator position sensor 164a attached to an accelerator pedal 164, and a brake pedal position sensor 165a
attached to a brake pedal 165, as described later in detail. The controller 180 sends and receives a variety of data and
information to and from the EFIECU 170 through communication. Details of the control procedure including a commu-
nication protocol will be described later.

Referring to Fig. 1, the power output apparatug 110 of the embodiment primarily includes the engine 150, the
damper 157 for connecting the crankshaft 156 of the engine 150 to a carrier shaft 127 so as to reduce the amplitude of
the torsional vibrations of the crankshaft 156, the planetary gear 120 having a planetary carrier 124 linked with the car-
rier shaft 127, the first motor MG1 linked with a sun gear 121 of the planetary gear 120, the second motor MG2 linked
with a ring gear 122 of the planetary gear 120, and the controller 180 for driving and controlling the first and the second
motors MG1 and MG2.

The following describes structure of the planetary gear 120 and the first and the second motors MG1 and MG2
based on the drawing of Fig. 2. The planetary gear 120 includes the sun gear 121 linked with a hollow sun gear shaft
125 which the carrier shaft 127 passes through, the ring gear 122 linked with a ring gear shaft 126 coaxial with the car-
rier shaft 127, a plurality of planetary pinion gears 123 arranged between the sun gear 121 and the ring gear 122 to
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revolve around the sun gear 121 while rotating on its axis, and the planetary carrier 124 connecting with one end of the
carrier shaft 127 to support the rotating shafts of the planetary pinion gears 123. In the planetary gear 120, three shafts,
that is, the sun gear shaft 125, the ring gear shaft 126, and the carrier shaft 127 respectively connecting with the sun
gear 121, the ring gear 122, and the planetary carrier 124, work as input and output shafts of the power. Determination
of the power input to or output from any two shafts among the three shafts automatically determines the power input to
or output from the residual one shaft. The details of the input and output operations of the power into and from the three
shafts of the planetary gear 120 will be discussed later. Resolvers 139, 149, and 159 for measuring rotational angles
os, 0r, and 6c¢ of the sun gear shaft 125, the ring gear shaft 126, and the carrier shaft 127 are respectively attached to
the sun gear shaft 125, the ring gear shaft 126, and the carrier shaft 127.

A power feed gear 128 for taking out the power is linked with the ring gear 122 and aranged on the side of the first
motor MGi1. The power feed gear 128 is further connected to the power transmission gear 111 via a chain belt 129, so
that the power is transmitted between the power feed gear 128 and the power transmission gear 111.

The first motor MG1 is constructed as a synchronous motor-generator and includes a rotor 132 having a plurality
of permanent magnets 135 on its outer surface and a stator 133 having three-phase coils 134 wound thereon to form a
revolving magnetic field. The rotor 132 is linked with the sun gear shaft 125 connecting with the sun gear 121 of the
planetary gear 120. The stator 133 is prepared by laying thin plates of non-directional electromagnetic steel one upon
another and is fixed to a casing 119. The first motor MG1 works as a motor for rotating the rotor 132 through the inter-
action between a magnetic fiekd produced by the permanent magnets 135 and a magnetic field produced by the three-
phase coils 134, or as a generator for generating an electromotive force on either ends of the three-phase coils 134
through the interaction between the magnetic field produced by the permanent magnets 135 and the rotation of the
rotor 132.

Like the first motor MG1, the second motor MG2 is also constructed as a synchronous mator-generator and
includes a rotor 142 having a plurality of permanent magnets 145 on its outer surface and a stator 143 having three-
phase coils 144 wound thereon to form a revolving magnetic field. The rotor 142 is linked with the ring gear shaft 126
connecting with the ring gear 122 of the planetary gear 120, whereas the stator 14 is fixed to the casing 119: The stator-
143 of the motor MG2 is also produced by laying thin plates of non-directional electromagnetic steel one upon another.
Like the tirst motor MG1, the second motor MG2 also works as a motor or a generator.

The controller 180 for driving and controlling the first and the second motor MG1 and MG2 has the following con-
figuration. Referring back to Fig. 1, the controller 180 includes a first driving circuit 191 for driving the first motor MG1,
a second driving circuit 192 for driving the second motor MG2; a control CPU 190 for controlling both the first and the
second driving circuits 191 and 192, and a battery 194 including @ number of secondary cells. The control CPU 190 is
a one-chip microprocessor including a RAM 190a used as a working memory, a ROM 180b in which various control pro-
grams are stored, an input/output port (not shown), and a serial communication port (not shown) through which data
are sent to and received from the EFIECU 170. The control CPU 190 receives a variety of data via the input port. The
input data include a rotational angle 9s of the sun gear shaft 125 measured with the resolver 139, a rotational angle or
of the ring gear shaft 126 measured with the resolver 149, a rotational angle 6¢ of the carrier shaft 127 measured with
the resolver 159, an accelerator pedal position AP (step-on amount of the accelerator pedal 164) output from the accel-
erator position sensor 164a, a brake pedal position BP (step-on amount of the brake pedal 165) output from the brake
pedal position sensor 165a, a gearshift position SP output from the gearshift position sensor 184, values of currents lut
and Iv1 from two ammeters 195 and 196 disposed in the first driving circuit 191, values of currents lu2 and iv2 from two
ammeters 197 and 198 disposed in the second driving circuit 192, and a remaining charge BRM of the battery 194
measured with a remaining charge meter 199. The remaining charge meter 199 may determine the remaining charge
BRM of the battery 194 by any known method; for example, by measuring the specitic gravity of an electrolytic solution
in the battery 194 or the whole weight of the battery 194, by computing the currents and time of charge and discharge,
or by causing an instantaneous short circuit between terminals of the battery 194 and measuring an internal resistance
against the electric current. '

The contral CPU 190 outputs a first control signal SW1 for driving six transistors Tr1 through Tré working as switch-
ing elements of the first driving circuit 191 and a second control signal SW2 for driving six transistors Tr11 through Tr16
working as switching elements of the second driving circuit 192. The six transistors Tr1 through Tré in the first driving
circuit 191 constitute a transistor inverter and are arranged in pairs to work as a source and -a drain with respect to a
pair of power lines L1 and L2. The three-phase coils (U,V,W) 134 of the first motor MG1 are connected to the respective
contacts of the paired transistors in the first driving circuit 191. The power lines L1 and L2 are respectively connected
to plus and minus terminals of the battery 194. The control signal SW1 output from the control CPU 190 thus succes-
sively controls the power-on time of the paired transistors Tr1 through Tr6. The electric currents flowing through the
three-phase coils 134 undergo PWM (pulse width modulation) control to give quasi-sine waves, which enable the three-
phase coils 134 to form a revolving magnetic field.

The six transistors Tr11 through Tr16 in the second driving circuit 192 also constitute a transistor inverter and are
arranged in the same manner as the transistors Tr1 through Tr6 in the first driving circuit 191. The three-phase coils
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(U.V,W) 144 of the second motor MG2 are connected to the respective contacts of the paired transistors in the second
driving circuit 191. The second control signal SW2 output from the control CPU 190 thus successively controls the
power-on time of the paired transistors Tr11 through Tr16. The electric currents flowing through the three-phase coils
144 undergo PWM control to give quasi-sine waves, which enable the three-phase coils 144 to form a revolving mag-
netic field.

The following describes the operation of the power output apparatus 110 of the first embodiment having the above
construction. In the following discussion, the term ‘power’ is expressed by the product of the torque acting on a shatft
and the revolving speed of the shaft and represents the magnitude of energy output per unit time. The term ‘power state’
denotes a driving point defined by a combination of the torque and the revolving speed that gives a certain power. There
are, however, numerous combinations of the torque and the revolving speed to define a driving point that gives a certain
power. The power output apparatus is controlled based on the energy flow at each moment, in other words, based on
the energy balance per unit time. The term 'energy’ herein is thus used as the synonym of ‘power’ and represents
energy per unit time. In the same manner, both the terms ‘electric power' and ‘electrical energy’ represent electrical
energy per unit time.

The power output apparatus 110 of the embodiment thus constructed works in accordance with the operation prin-
ciples discussed below, especially with the principle of torque conversion. By way of example, it is assumed that the
engine 150 is driven at a driving point P1 of the revolving speed Ne and the torque Te and that the ring gear shaft 126
is driven at another driving point P2, which is defined by another revolving speed Nr and another torque Tr but gives an
amount of energy identical with an energy Pe output from the engine 150. This means that the power output from the
engine 150 is subjected to torque conversion and applied to the ring gear shaft 126. The relationship between the
torque and the revolving speed of the engine 150 and the ring gear shaft 126 under such conditions is shown in the
graph of Fig. 4.

According to the mechanics, the relationship between the revolving speed and the torque of the three shafts in the
planetary gear 120 (that is, the sun gear shaft 125, the ring gear shaft 126, and the carrier shaft 127) can be expressed
as nomograms illustrated in Figs. 5 and 6 and solved geometrically. The relationship between the revolving speed and
the torque of the three shafts in the planetary gear 120 may be analyzed numerically through calculation of energies of
the respective shafts, without using the nomograms. For the clarity of explanation, the nomograms are used in this
embodiment. '

In the nomogram of Fig. 5, the revolving speed of the three shafts is plotted as ordinate and the positional ratio of
the coordinate axes of the three shafts as abscissa. When a coordinate axis S of the sun gear shaft 125 and a coordi-
nate axis R of the ring gear shaft 126 are positioned on either ends of a line segment, a coordinate axis C of the carrier
shaft 127 is given as an interior division of the axes S and R at the ratio of 1 to p, where p represents a ratio of the
number of teeth of the sun gear 121 to the number of teeth of the ring gear 122 and expressed as Equation (1) given
below:

_ the humber of teeth of the sun gear o)
P = The humber of teeth of the ring gear

As mentioned above, the engine 150 is driven at the revolving speed Ne, while the ring gear shaft- 126 is driven at
the revolving speed Nr. The revolving speed Ne of the engine 150 can thus be plotted on the coordinate axis C of the
carrier shaft 127 linked with the crankshaft 156 of the engine 150, and the revolving speed Nr of the ring gear shaft 126
on the coordinate axis R.of the ring gear shaft 126. A straight line passing through both the points is drawn, and a
revolving speed Ns of the sun gear shaft 125 is then given as the intersection of this straight line and the coordinate axis
S. This straight line is hereinafter referred to as a dynamic collinear line. The revolving speed Ns of the sun gear shaft
125 can be calculated from the revolving speed Ne of the engine 150 and the revolving speed Nr of the ring gear shaft
126 according to a proportional expression given as Equation (2) below. In the planetary gear 120, the determination
of the rotations of the two gears among the sun gear 121, the ring gear 122, and the planetary carrier 124 results in
automatically setting the rotation of the residual one gear.

Ns = Nr - (Nr - Ne) 159 @)

The torque Te of the engine 150 is then applied (upward in the drawing) to the dynamic collinear line on the coor-
dinate axis C of the carrier shaft 127 functioning as a line of action. The dynamic collinear line against the torque can
be regarded as a rigid body to which a force is applied as a vector. Based on the technique of dividing the force into two
different parallel lines of action, the torque Te acting on the coordinate axis C is divided into a torque Tes on the coordi-
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nate axis S and a torque Ter on the coordinate axis R. The magnitudes of the torques Tes and Ter are given by Equa-
tions (3) and (4) below:

= P
Tes = Te x Tep 3)
Ter=Te x 1 (4)
1+p _

The equilibrium of forces on the dynamic collinear fine is essential for the stable state of the dynamic collinear line.
In accordance with a concrete procedure, a torque Tm1 having the same magnitude as but the opposite direction to the
torque Tes is applied to the coordinate axis S, whereas a torque Tm2 having the same magnitude as but the opposite
direction to a resultant force of the torque Ter and the torque that has the same magnitude as but the opposite direction
to the torque Tr output to the ring gear shatft 126 is applied to the coordinate axis R. The torque Tm1 is given by the first
motor MG1, and the torque Tm2 by the second motor MG2. The first motor MG1 applies the torque Tm1 in reverse of
its rotation and thereby works as a generator to regenerate an electrical energy Pm1, which is given as the product of
the torque Tm1 and the revolving speed Ns, from the sun gear shaft 125. The second motor MG2 applies the torque
Tm2 in the direction of its rotation and thereby works as a motor to output an electrical energy Pm2, which is given as
the product of the torque Tm2 and the revolving speed Nr, as a power to the ring gear shaft 126.

In case that the electrical energy Pm1 is identical with the electrical energy Pm2, all the electric power consumed
by the second motor MG2 can be regenerated and supplied by the first motor MG1. In order to attain such a state, all
the input energy should be output; that is, the energy Pe output from the engine 150 should be equal to an energy Pr
output to the ring gear shaft 126. Namely the energy Pe expressed as the product of the torque Te and the revolving:
speed Ne is made equal to the energy Pr expressed as the product of the torque Tr and the revolving speed Nr. Refer-
ring to Fig. 4, the power that is expressed as the product of the torque Te and the revolving speed Ne and output from
the engine 150 driven at the driving point P1 is subjected to torque conversion and output to the ring gear shaft 126 as
the power of the same energy but expressed as the product of the torque Tr and the revolving speed Nr. As discussed
previously, the power output to the ring.gear shaft 126 is transmitted to a drive shaft 112 via the power feed gear 128
and the power transmission gear 111, and further transmitted to the driving wheels 116 and 118 via the differential gear
114. A linear relationship is accordingly held between the power output to the ring gear shaft 126 and the power trans-
mitted to the driving wheels 116 and 118. The power transmitted to the driving wheels 116 and 118 can thus be con-
trolled by adjusting the power output to the ring gear shaft 126.

Although the revolving speed Ns of the sun gear shaft 125 is positive in the nomogram of Fig. 5, it may be negative
according to the revolving speed Ne of the engine 150 and the revolving speed Nr of the ring gear shaft 126 as shown
in the nomogram of Fig. 6. In the latter case, the first motor MG 1 applies the torque in the direction of its rotation and
thereby works as a motor to consume the electrical energy Pm1 given as the product of the torque Tm1 and the revolv-
ing speed Ns. The second motor MG2, on the other hand, applies the torque in reverse of its rotation and thereby works
as a generator to regenerate the electrical energy Pm2, which is given as the product of the torque Tm2 and the revolv-
ing speed Nr, from the ring gear shaft 126. In case that the electrical energy Pm1 consumed by the first motor MG1 is
made equal to the electrical energy Pm2 regenerated by the second motor MG2 under such conditions, all the electric
power consumed by the first motor MG 1 can be supplied by the second motor MG2. - :

The above description refers to the fundamental torque conversion in the power output apparatus 110 of the
embodiment. The power output apparatus 110 can, however, perform other operations as well as the above fundamen-
tal operation that carries out the torque conversion for all the power output from the engine 150 and outputs the con-
verted torque to the ring gear shaft 126, The possible operations include an operation of charging the battery 194 with
the surplus electrical energy and an operation of supplementing an insufficient electrical energy with the electric power
stored in the battery 194. These operations are implemented by regulating the power output from the engine 150 (that
is, the product of the torque Te and the revolving speed Ne), the electrical energy Pm1 regenerated or consumed by the
first motor MGi1, and the electrical energy Pm2 regenerated or consumed by the second motor MG2.

The operation principle discussed above is on the assumption that the efficiency of power conversion by the plan-
efary gear 120, the motors MG1 and MG2, and the transistors Tr1 through Tr16 is equal to the value 't’, which repre-
sents 100%. In the actual state, however, the conversion efficiency is less than the value '1’, and it is required to make
the energy Pe output from the engine 150 a little greater than the energy Pr output to the ring gear shaft 126 or alter-
natively to make the energy Pr output to the ring gear shaft 126 a little smaller than the energy Pe output from the
engine 150. By way of example, the energy Pe output from the engine 150 may be calculated by muttiplying the energy
Pr output to the ring gear shatt 126 by the reciprocal of the conversion eficiency. In the state of the nomogram of Fig.
5. the torque Tm2 of the second motor MG2 may be calculated by muttiplying the electric power regenerated by the first
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motor MGi1 by the efficiencies of both the motors MG1 and MG2. In the state of the nomogram of Fig. 6, on the other
hand, the torque Tm2 of the second motor MG2 may be calculated by dividing the electric power consumed by the firs
motor MG1 by the efficiencies of both the motors MG 1 and MG2. In the planetary gear 120, there is an energy loss or
heat loss due to a mechanical friction or the like, though the amount of energy loss is significantly small, compared with
the whole amount of energy concerned. The efficiency of the synchronous motors used as the first and the second
motors MG1 and MG2 is very close to the value '1". Known devices such as GTOs applicable to the transistors Tr1
through Tr16 have extremely small ON-resistance. The efficiency of power conversion is thus practically equal to the
value ‘1", For the matter of convenience, in the following discussion of the embodiment, the efficiency is considered
equal to the value "1 (=100%), unless otherwise specified.

The following describes a control procedure of stopping the operation of the engine 150 while the vehicle isat a run
through the above torque control, based on an engine stop control routine shown in the flowchart of Fig. 7. The engine
stop control routine of Fig. 7 is executed when the driver gives a switching instruction to the motor driving mode only
with the second motor MG2 or when the control CPU 190 of the controlier 180 carries out an operation mode determi-
nation routine (not shown) and selects the motor driving mode only with the second motor MG2.

When the program enters the engine stop control routine, the control CPU 190 of the controller 180 first outputs an
engine operation stop signal to the EFIECU 170 through communication to stop the operation of the engine 150 at step
$100. In response to the engine operation stop signal, the EFIECU 170 stops fuel injection from the fuel injection valve
151 and application of a voltage to the ignition plug 162 and fully closes the throtle valve 166. These processes stop
the operation of the engine 150.

The control CPU 190 then reads the revolving speed Ne of the engine 150 at step $102. The revolving speed Ne
of the engine 150 may be calculated from the rotational angle 6c of the carrier shaft 127 read from the resolver 159,
which is attached to the carrier shaft 127 connecting with the crankshaft 156 via the damper 157. Alternatively the
revolving speed Ne of the engine 150 may be measured directly with the speed sensor 176 attached to the distributor
160. In the latter case, the control CPU 190 receives data of the revolving speed Ne from the EFIECU 170 connected
to the speed sensor 176 through communication.

After receiving the revolving speed Ne of the engine 150, the control CPU 190 sets an initial value on a time counter

" TC based on the input revolving speed Ne at step S104. The time counter TC is an argument used to set a target revolv-

ing speed Ne* of the engine 150 at step $108 (described later) and is incremented at step S106 every time when the
processing of steps $106 through $116 is repeated. The initial value on the time counter TC is set based on a map
showing the relationship between the time counter TC as the argument and the target revolving speed Ne* of the engine
150, for example, a map shown in Fig. 8. In accordance with a concrete procedure, the value of the time counter TC
corresponding to the input revolving speed Ne (target revolving speed Ne*) plotted on the ordinate is read from the map
of Fig. 8.

The control CPU 190 increments the preset time counter TC at step S106, and sets the target revolving speed Ne*
of the engine 150 corresponding to the incremented time counter TC using the map shown in Fig. 8 at step S108. In
accordance with a concrete procedure, the target revolving speed Ne* corresponding to the time counter TC plotted on
the abscissa is read from the map of Fig. 8. A process of determining the target revolving speed Ne* corresponding to
the value "TC+1', which is the initial value on the time counter TC plus one, is shown in the map of Fig. 8. The contro!
CPU 190 subsequently receives the revolving speed Ne of the engine 150 at step S110, and sets a torque command
value Tm1* of the first motor MG1 based on the input revolving speed Ne and the preset target revolving speed Ne*
according to Equation (5) given below at step S112. The first term on the right side of Equation (5) is a proportional term
to cance! the deviation of the actual revolving speed Ne from the target revolving speed Ne”, and the second term on
the right side is an integral term to cance! the stationary deviation. K1 and K2 denote proportional constants.

Tm1*«K1(Ne*-Ne)+K2{ (Ne*-Ne)dt 5)

The control CPU 190 then sets a torque command value Tm2® of the second motor MG2 based on a torque com-
mand value Tr* to be output to the ring gear shaft 126 and the preset torque command value Tm1* of the first motor
MG1 according to Equation (6) given below at step S114. The second term on the right side of Equation (6) represents
a torque applied to the ring gear shaft 126 via the planetary gear 120 when the torque defined by the torque command
value Tm1* is output from the first motor MG1 while the engine 150 is at a stop. K3 denotes a proportional constant.
The proportional constant K3 is equal to one in the state of equilibrium on the dynamic collinear line in the nomogram.
In a transient state in the course of stopping the operation of the engine 150, part of the torque output from the first
motor MG1 is used to change the motion of the inertial system consisting of the engine 150 and the first motor MG1.
The proportional constant K3 is accordingly smaller than one. A concrete procedure for accurately determining this
torque calculates a torque (inertial torque) used to change the motion of the inertial system by multiplying a moment of
inertia seen from the first motor MG1 of the inertial system by an angular acceleration of the sun gear shaft 125, sub-
tracts the inertial torque from the torque command value Tm1*, and divides the ditference by the gear ratio p. Since the
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torque command value Tm1* set by this routine is a relatively small value, the procedure of this embodiment utilizes the
proportional constant K3 to simplify the calculation. The torque command value Tr* to be output to the ring gear shaft
126 is set based on the step-on amount of the accelerator pedal 164 by the driver according to a required torque setting
routine shown in the flowchart of Fig. 9. The following discusses the procedure of setting the torque command value Tr*.

Tm2*«Tr*-K3 x Imi (6)

The required torque setting routine of Fig. 9 is repeatedly executed at predetermined time intervals (for example,
at every 8 msec). When the program enters the routine of Fig. 9, the control CPU 190 of the controller 180 first reads
the revolving speed Nr of the ring gear shaft 126 at step $130. The revolving speed Nr of the ring gear shaft 126 may
be calculated from the rotational angle 6r of the ring gear shaft 126 read from the resolver 149. The control CPU 190
then reads the accelerator pedal position AP detected by the accelerator pedal position sensor 164a at step S132. The
driver steps on the accelerator pedal 164 when feeling insufficiency of the output torque. The value of the accelerator
pedal position AP accordingly represents the desired torque to be output to the ring gear shaft 126 and evertually to
the driving wheels 116 and 118. The control CPU 190 subsequently determines the torque command value Tr*, that is,
the target torque to be output to the ring gear shaft 126, based on the input revolving speed Nr of the ring gear shaft
126 and the input accelerator pedal position AP at step S134. Not the torque to be output to the driving wheels 116 and
118 but the torque to be output to the ring gear shaft 126 is calculated here from the accelerator pedal position AP and
the revolving speed Nr. This is because the ring gear shaft 126 is mechanically linked with the driving wheels 116 and -
118 via the power feed gear 128, the power transmission gear 111, and the differential gear 114 and the determination
of the torque to be output to the ring gear shaft 126 thus results in determining the torque to be output to the driving
wheels 116 and 118. In this embodiment, a map representing the relationship between the torque command value Tr*,
the revolving speed Nr of the ring gear shaft 126, and the accelerator pedal position AP is prepared in advance and
stored in the ROM 190b. In accordance with a concrete procedure, at step S134, the torque command value Tr* corre:
sponding to the input accelerator pedal position AP and the input revolving speed Nr of the ring gear shaft 126 is read
from the map stored in the ROM 190b. An example of available maps is shown in Fig. 10.

Referring back to the flowchart of Fig. 7, after setting the torque command value Tm1* of the first motor MG1 at -
step S112 and the torque command value Tm2* of the second motor MG2 at step-S114, the program repeatedly exe-
cutes a control routine of the first motor MG1 shown in the flowchart of Fig. 11 and a control routine of the second motor
MG2 shown in the flowchart of Fig. 12 at predetermined time intervals (for example, at every 4 msec) through an inter-
ruption process, thereby controlling the first motor MG1 and the second motor MG2 to output the torques defined by the
preset torque command values. The control procedures of the first motor MG1.and the second motor MG2 will be
described later. :

The control CPU 190 of the controller 180 then compares the revolving speed Ne of the engine 150 with a threshold
value Nref at step S116. The threshold value Nref is set to be close to the target revolving speed Ne* of the engine 150
determined by the processing in the motor driving mode with only the second motor MG2. In this embodiment, the tar-
get revolving speed Ne* of the engine 150 determined by the processing in the motor driving mode with only the second
motor MG2 is equal to zero, and the threshold value Nret is set to be close to zero. The threshold value Nref is smaller
than the lower limit of a specific revolving speed range, in which the system connecting to the crankshatt 156 and the
carrier shaft 127 linked with each other via the damper 157 causes a resonance. In case that the revolving speed Ne of
the engine 150 is greater than the threshold value Nref, the program determines a transient state in the course of stop-
ping the operation of the engine 150 and that the revolving speed Ne of the engine 150 is still not less than the lower
limit of the specific revolving speed range that causes a resonance. The program accordingly returns to step $106 and
repeats the processing of steps 5106 through S116. Every time when the processing of steps S106 through S116 is
repeated, the time counter TC is incremented and a smaller value is read from the map shown in Fig. 8 and set to the
target revolving speed Ne* of the engine 150. The revolving speed Ne of the engine 150 thus decreases by a similar
slope to that of the target revolving speed Ne* shown in the map of Fig. 8. In case that the slope of the target revolving
speed Ne* is set to be not less than the slope of a natural variation in revolving speed Ne at the time of stopping the fuel
injection to the engine 150, the revolving speed Ne of the engine 150 can be decreased abruptly. In case that the slope
of the target revolving speed Ne* is set to be less than the slope of the natural variation in revolving speed Ne, on the
contrary, the revolving speed Ne of the engine 150 can be decreased gently. In this embodiment, the slope of the target
revolving speed Ne* is set to be not less than the slope of the natural variation in revolving speed Ne, on the assumption
that the revolving speed Ne passes through the specific revolving speed range that causes a resonance.

in case that the revolving speed Ne of the engine 150 becomes equal to or less than the threshold value Nref at
step 5116, on the other hand, the program sets a cancel torque Tc to the torque command value Tm1* of the first motor
MG1 at step S118, sets the torque command value Tm2* of the second motor MG2 according to Equation (6) given

BMW1012
Page 876 of 1654

12



15

20

25

30

35

40

45

55

EP 0 839 683 A2

above at step 5120, and waits for a predetermined time period at step $122. The cancel torque Tc prevents the revolv-
ing speed Ne of the engine 150 from taking a negative value, that is, undershooting. The reason why the revolving
speed Ne of the engine 150 undershoots when the operation of the engine 150 is positively stopped by the first motor
MG1 under the Pl control, has been described previously.

After the predetermined time period has elapsed while the first motor MG1 outputs the cancel torque Tc, the pro-
gram sets the torque command value Tm1* of the first motor MG1 equal to zero at step S124 and the torque command
value Tm2* of the second motor MG2 equal to the torque command value Tr* at step S126. The program then exits from
this routine and executes the processing in the motor driving mode with only the second motor MG2 (not shown).

The control operation of the first motor MG1 follows the control routine of the first motor MG1 shown in the flowchart
of Fig. 11. When the program enters the routine of Fig. 11, the control CPU 180 of the controller 180 first receives the
rotational angle s of the sun gear shaft 125 from the revolver 139 at step S180, and calculates an electrical angle 91
of the first motor MG1 from the rotational angle 8s of the sun gear shaft 125 at step S181. In this embodiment, since a
synchronous motor of four-pole pair (that is, four N poles and four S poles) is used as the first motor MG1, the rotational

-angle 0s of the sun gear shaft 125 is quadrupled to yield the electrical angle 61 (01=46s) . The CPU190 then detects

values of currents lu1 and Iv1 flowing through the U phase and V phase of the three-phase coils 134 in the first motor
MG1 with the ammeters 195 and 196 at step S182. Although the currents naturally flow through all the three phases U,
V, and W,-measurement is required only for the currents passing through the two phases since the sum of the currents
is equal to zero. At subsequent step $184, the control CPU 190 executes transformation of coordinates (three-phase to
two-phase transformation) using the values of currents flowing through the three phases obtained at step $182. The
transformation of coordinates maps the values of currents flowing through the three phases to the values of currents
passing through d and q axes of the permanent magnet-type synchronous motor and is executed according to Equation
(7) given below. The transformation of coordinates is carried out because the currents flowing through the d and g axes
are essential for the torque control in the permanent magnet-type synchronous motor. Altematively, the torque contro!
may be executed directly with the currents flowing through the three phases.

s s
(1) "o oot 20 conor Lt U

After the transformation to the currents of two axes, the control CPU 190 computes deviations of currents Id1 and
Igt actually flowing through the d and q axes from current command values Id1* and Iq1* of the respective axes, which
are calculated from the torque command value Tm1* of the first motor MG1, and subsequently determines voltage com-
mand values Vd1 and Vg1 with respect to the d and q axes at step 8186. In accordance with a concrete procedure, the
control CPU 190 executes arithmetic operations of Equations (8) and Equations (9) given below. in Equations (9), Kp1,
Kp2, Ki1, and Ki2 represent coefficients, which are adjusted to be suited to the characteristics of the motor applied.
Each voltage command value Vd1 (Vq1) includes a part in proportion to the deviation Al from the current command
value I” (the first term on the right side of Equation (9)) and a summation of historical data of the deviations Al for 'i' times
(the second term on the right side).

Ald1 = ld1*idY @®
Algt = Ig1*-Ig1
Vd1 = Kp1+Aldi+ Z Kitl-Ald1 (2
Vg1 = Kp2-Alg1+ = Ki2 - Algt
The control CPU 190 then re-transforms the coordinates of the voltage command values thus obtained (two-phase
to three-phase transformation) at step $188. This corresponds to an inverse of the transformation executed at step

§184. The inverse transformation determines voltages Vu1, Vv1, and Vw1 actually applied to the three-phase coils 134
as expressed by Equations (10)-given below:

[Vu1]= 2[ cos61 -sing 1 ][Vd1] (10)

w1l ™ "3leos(e1-120) -sin(e1-120)JLvg1

Vw1 = -Wi- vl
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The actual voltage control is accomplished by on-off operation of the transistors Tr1 through Tr6 in the first driving cir-
cuit 191. At step $189, the on- and off-time of the transistors Tr1 through Tr6 in the first driving circuit 191 is PWM (pulse
width modulation) controlleéd, in order to attain the voltage command values Vu1, Vv1, and Vw1 determined by Equa-
tions (10) given above. )

It is assumed that the torque command value Tm1* of the first motor MG1 is positive when the torque Tm1 is
applied in the direction shown in the nomograms of Figs. 5 and 6. For an identical positive torque command value Tm1°,
the first motor MG1 is controlled to carry out the regenerative operation when the torque command value Tm1* acts in
reverse of the rotation of the sun gear shaft 125 as in the state of the nomogram of Fig. 5, and controlled to carry out
the power operation when the torque command value Tm1* acts in the direction of rotation of the sun gear shaft 125 as
in the state of the nomogram of-Fig. 6. For the positive torque command value Tmt*, both the regenerative operation
and the power operation of the first motor MG 1 implement the identical switching control. In accordance with a concrete
procedure, the transistors Tr1 through Tr6 in the first driving circuit 191 are controlled to enable a positive torque to be
applied to the sun gear shaft 125 by the combination of the magnetic field generated by the permanent magnets 135
set on the outer surface of the rotor 132 with the revolving magnetic field generated by the currents fiowing through the
three-phase coils 134. The identical switching control is executed for both the regenerative operation and the power
operation of the first motor MG1 as long as the sign of the torque command value Tm1” is not changed. The control
routine of the first motor MG1 shown in the flowchart of Fig. 11 is thus applicable to both the regenerative operation and
the power operation. When the torque command value Tm1* is negative, the rofational angle 6s of the sun gear shaft
125 read at step S180 is varied in a reverse direction. The control routine of the first motor MG1 shown in Fig. 11 is thus
also applicable to this case.

The control operation of the second motor MG2 follows the control routine of the second motor MG2 shown in the
flowchart of Fig. 12: The control procedure of the second motor MG2 is identical with that of the first motor MG1, except
that the torque command value Tm2* and the rotational angle 6r of the ring gear shaft 126 are used in place of the
torque command value Tm1* and the rotational angle 8s of the sun gear shaft 125. When the program enters the routine
of Fig. 12. the control CPU 190 of the controller 180 first receives the rotational angle or of the ring gear shaft 126 from
the revolver 149 at step $190, and calculates an electrical angle 62 of the second motor MG2 from the observed rota-
tional angle 6r of the ring gear shaft 126 at step S191. At subsequent step S192, phase currents lu2 and iv2 of the sec-
ond motor MG2 are measured with the ammeters 197 and 198. The control CPU 190 then executes transformation of
coordinates for the phase currents at step S194, computes voltage command values Vd2 and Vq2 at step S196, and
executes inverse transformation of coordinates for the voltage command values at step S198. The control CPU 190
subsequently determines the on- and off-time of the transistors Tr11 through Tr16 in the second driving circuit 192 for
the second motor MG2 and carries out the PWM control at step S199. ,

The second motor MG2.is also controlled to carry out either the regenerative operation or the power operation,
based on the relationship between the direction of the torque command value Tm2* and the direction of the rotation of
the ring gear shaft 126. Like the first motor MG1, the control -process of the second motor MG2 shown in the flowchart
of Fig. 12 is applicable to both the regenerative operation and the power operation. In this embodiment, it is assumed
that the torque command value Tm2* of the second motor MG2 is positive when the torque Tm2 is applied in the direc-
tion shown in the nomogram of Fig. 5.

The following describes variations in revolving speed Ne of the engine 150 and torque Tm1 of the first motor MG1
during the control process to stop the engine 150, with the nomograms of Figs. 13 through 15 and the graph of Fig. 16.
Fig. 13 is a nomogram showing the state when the engine stop control routine of Fig. 7 is carried out for the first time;
Fig. 14 is a nomogram showing the state when the processing of steps S106 through S116 in the engine stop control
routine has repeatedly been executed; and Fig. 15 is a nomogram showing the state when the revolving speed Ne of
the engine 150 becomes equal to or less than the threshold value Nref. As discussed above, in this embodiment, the
slope of thé target revolving speed Ne* in the map of Fig. 8 is set to be not less than the slope of the natural variation
in revolving speed Ne. As shown in Figs. 13 and 14, the torque Tm1 output from the first motor MG1 thus acts to forcibly
decrease the revolving speed Ne of the engine 150. When the engine stop control routine is carried out for the first time,
the torque Tm1 is applied in reverse of the rotation of the sun gear shaft 125, and the first motor MG1 accordingly func-
tions as a generator. The revolving speed Ns of the sun gear shaft 125 then takes a negative value as shown in Fig. 14,
and the first motor MG functions as a motor. At this moment, the first motor MG1 is under the Pl control based on the
revolving speed Ne of the engine 150 and the target revolving speed Ne*. The revolving speed Ne of the engine 150
thus varies with a little delay from the target revolving speed Ne* as shown in Fig. 16. As discussed previously with the
nomogram of Fig. 6, the revolving speed Ns of the sun gear shaft 125 may take a negative value according to the revolv-
ing speed Ne of the engine 150 and the revolving speed Nr of the ring gear shaft 126 in the state prior to the output of
an engine operation stop instruction. The nomogram of Fig. 14 may accordingly represent the state when the engine
stop control routine is carried out for the first time. In this case, the first motor MG1 functions as a motor from the begin-
ning.
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In the state of the nomograms of Figs. 13 and 14, the fuel supply to the engine 150 is stopped, and no torque is
accordingly output from the engine 150. The first motor MG1 outputs the torque Tm1 that forcibly reduces the revolving
speed Ne of the engine 150, and a torque Tsc is then applied to the carrier shaft 127 as a reaction of the torque Tm1.
The ring gear shaft 126, on the other hand, receives the torque Tm2 output from the second motor MG2 and a torque
Tsr output via the planetary gear 120 accompanied by the torque Tm1 output from the first motor MG1. The torque Tsr
applied to the ring gear shaft 126 can be calculated by taking into.account the equilibrium on the dynamic collinear line
and the variation in motion of the inertial system consisting of the engine 150 and the first motor MGi1. The torque Tsr
is atmost equivalent to the second term on the right side of Equation (6). Namely the torque approximate to the torque
command value Tr* is thus output to the ring gear shaft 126.

When the revolving speed Ne of the engine 150 becomes equal to or less than the threshold value Nref at step
8116 in the engine stop control routine of Fig. 7, the first motor MG1 outputs the cance! torque Tc. The engine 150
accordingly stops without undershooting the revolving speed Ne of the engine 150 as shown by the broken lines in Fig.
16, and the operation mode is smoothly shifted to the motor driving mode with only the second motor MG2. In this
embodiment, the torque command value Tm1* of the first motor MG1 is set equal to zero in the motor driving mode with
only the second motor MG2. The dynamic collinear line is thus stably kept in the state having the least sum of the
energy required for racing the engine 150 and the energy required for racing the first motor MG1. Since the engine 150
is a gasoline engine in the embodiment, the energy required for racing the engine 150, that is, the energy required for
friction and compression of the piston in the engine 150, is greater than the energy required for racing the rotor 132 of
the first motor MG1. The dynamic collinear line is accordingly in the state of stopping the engine 150 and racing the first
motor MG1 as shown in the nomogram of Fig. 15. The cance! torque Tc output from the first motor MG1 is also shown
in the nomogram of Fig. 15.

As discussed above, the power output apparatus 110 of the embodiment quickdy reduces the revolving speed Ne
of the engine 150 to zero in response to an instruction for stopping the operation of the engine 150. This allows the
revolving speed Ne of the engine 150 to swiftly pass through the specific revolving speed range that causes a reso-
nance of the tarsional vibrations on the engine 150 and the first motor MG1 as the inertial mass. This results in enabling
the simplified structure of the damper 157 for reducing the amplitude of the torsional vibrations.

In the power output apparatus 110 of the embodiment, the first motor MG1 outputs the cancel torque Tc in the
direction of increasing the revolving speed Ne of the engine 150, immediately before the revolving speed Ne of the
engine 150 becomes equal to zero. This structure effectively prevents the revolving speed Ne of the engine 150 from
undershooting, thereby preventing occurrence of a vibration and a foreign noise due to undershooting.

The power output apparatus 110 of the embodiment uses the map wherein the slope of the target revolving speed
Ne* is greater than the slope of the natural variation in revolving speed Ne of the engine 150 (for example, the map of
Fig. 8), and accordingly enables the first motor MG1 to output the torque Tm1 that forcibly reduces the revolving speed
Ne of the engine 150. In accordance with an alternative application, another map wherein the slope of the target revolv-
ing speed Ne* is less than the slope of the natural variation in revolving speed Ne of the engine 150 is used in place of
the map of Fig. 8, so as to enable a gentle variation in revolving speed Ne of the engine 150. This alternative structure
allows the revolving speed Ne of the engine 150 to be gently varied.

In accordance with still another possible application, another map wherein the slope of the target revolving speed
Ne* is identical with the slope of the natural variation in revolving speed Ne of the engine 150 is used in place of the
map of Fig. 8, so as to enable a natural variation in revolving speed Ne of the engine 150. In this case, the torque com-
mand vafue Tm1* of the first motor MG1 is set equal to zero when the operation of the engine 150 is stopped. The flow-
chart of Fig. 17 shows an engine stop contro! routine in this modified application. In this routine, the program sets the
torque command value Tm1* of the first motor MG1 equal to zero at step S202 and sets the torque command value
Tm2* of.the second motor MG2 equal to the torque command value Tr* at step S210. No torque is accordingly output
from the first motor MG1. While the kinetic energy of the engine 150 and the first motor MG1 is consumed by the friction
and compression of the piston in the engine 150, the dynamic collinear line is shifted toward the state having the least
sum of the energy required for racing the enginé 150 and the energy required for racing the first motor MG1 (that is, the
state in the nomogram of Fig. 15). When no torque is output from the first motor MG1, the first MG1 does not consume
any electric power. This structure accordingly improves the energy efficiency of the whole power output apparatus. The
engine stop contral routine of Fig. 17 can be regarded as the processing routine in the motor driving mode with only the
second motor MG2.

In the power output apparatus 110 of the embodiment, the target revolving speed Ne* of the engine 150 is set equal
to zera in the motor driving mode with only the second motor MG2 and the threshold value Nref is then set approximate
to or equal to zero. In accordance with another possible application, the target revolving speed Ne* of the engine 150
may be set equal {0 a specific value other than zero in the motor driving mode with only the second motor MG2. In this
case, the threshold value Nref is set approximate to or equal to the specific value. By way of example, the idle revolving
speed is set to the target revolving speed Ne* of the engine 150, and the threshold value Nref is set approximate to or
equal to the idle revolving speed.
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In the power output apparatus 110 of the embodiment discussed above, the contro! procedure is applied to regulate
the revolving speed Ne of the engine 150 at the time of stopping the operation of the engine 150 while the vehicle is at
a run, that is, while the ring gear shaft 126 rotates. The control procedure is also applicable to regulate the revolving
speed Ne of the engine 150 at the time of stopping the operation of the engine 150 while the vehicle is at a stop, that
is, while the ring gear shaft 126 does not rotate.

In the power output apparatus 110 of the embodiment, the torque command value Tm1* of the first motor MG1 and
the torque command value Tm2"* of the second motor MG2 are set in the engine stop contro! routine. In accordance
with an alternative application, the torque command value Tm1* of the first motor MG1 is set in the control routine of
the first motor MG1 and the torque command value Tm2* of the second motor MG2 in the control routine of the second
motor MG2.

In the power output apparatus 110 of the embodiment, the.power output to the ring gear shaft 126 is taken out of
the arrangement between the first motor MG1 and the second motor MG2 via the power feed gear 128 linked with the
ring gear 122. Like another power output apparatus 110A shown in Fig. 18 as a modified example, however, the power
may be taken out of the casing 119, from which the ring gear shaft 126 is extended. Fig. 19 shows still another power
output apparatus 110B as another modified example, wherein the engine 150, the planetary gear 120, the second
motor MG2, and the first motor MG1 are arranged in this sequence. In this case, a sun gear shaft 1258 may not have
a hollow structure, whereas a hollow ring gear shaft 126B is required. This modified structure enables the power output
to the ring gear shaft 126B to be taken out of the arrangement between the engine 150 and the second motor MG2.

The following describes another power output apparatus 110' as a second embodiment according to the present
invention. The power output apparatus 110’ of the second embodiment shown in Fig. 20 has a similar hardware struc-
ture to that of the power output apparatus 110 of the first embodiment, except that the engine 150 has an open-close
timing changing mechanism 153 in the second embodiment. The difference in hardware structure, which is discussed
below, leads to the different processing routines carried out by the controlier 180.

Referring to Fig. 20, the open-close timing changing mechanism 153 adjusts the open-close timing of an intake
valve 150a of the engine 150. Fig. 21 shows the detailed structure of the open-close timing changing mechanism 153.
The intake valve 150a is generally opened and closed by a cam attached to an intake cam shaft 240, whereas an
exhaust valve 150b is opened and closed by a cam attached to an exhaust cam shaft 244. An intake cam shaft timing’
gear 242 linked with the intake cam shaft 240 and an exhaust cam shaft timing gear 246 linked with the exhaust cam
shaft 244 are connected with the crankshaft 156 via a timing belt 248, in order to open and close the intake valve 150a .
and the exhaust valve 150b at a timing corresponding to the revolving speed of the engine 150. In addition to these con-
ventional elements, the gpen-close timing changing mechanism 153 further includes an OCV 254 that is connected with
the intake cam shaft timing gear 242 and the intake cam shaft 240 via an oil pressure-driven VVT pulley 250 and func-
tions as a control valve of input oil pressure of the VVT pulley 250. The VVT pulley 250 includes a set of movable pistons
252 that reciprocate in an axial direction by means of the oil pressure. The oil pressure input to the VVT pulley 250 is
fed by an engine oil pump 256.

The open-close timing changing mechanism 153 works based on the following operation principle. The EFIECU
170 determines the open-close timing of the valve according to the driving conditions of the engine 150 and outputs a
control signal to controt the on-oft state of the OCV 254. The output control signal varies the oil pressure input to the:
VVT pulley 250 and thereby shifts the movable pistons 252 in the axial direction. The movable pistons 252 have threads
running in an oblique direction with respect to the axis. The movement in the axial direction accordingly causes rotation
of the movable pistons 252 and changes the orientation of the intake cam shaft 240 and the intake cam shatt timing
gear 242 connecting with the movable pistons 252. This results in varying the open-close timing of the intake valve 150a
and changing the valve overiap. In the example of Fig. 21, the VVT puliey 250 is disposed only on the side of the intake
cam shaft 240 and does not exist on the side of the exhaust cam shaft 244, so that the valve overlap is controlled by -
regulating the open-close timing of the intake valve 150a.

The controller 180 carries out the following control operation in the second embodiment. Fig. 22 is a flowchart
showing an engine stop control routine carried out in the second embodiment. The engine stop control routine is exe-
cuted at every 8 msec by the interrupting operation after the controller 180 determines that the engine 150 is to be
stopped, based on the driving state of the vehicle and the remaining charge SOC of the battery 194, and sends a stop -
instruction to the EFIECU 170 so as to cease the fuel injection into the engine 150. When the program enters the routine
of Fig. 22, the control CPU 190 of the controller 180 (see Fig. 1) sets a current target torque STG of the first motor MG1
to a variable STGold at step S300, sets a reduction torque STGmn at step S305, and sets a processing time mntg of
slower speed reduction at step S310. The reduction torque STGmn is set in advance against the revolving speed Nr of
the ring gear shaft 126, that is, the vehicle speed, as shown in the graph of Fig. 23. In accordance with a concrete pro-
cedure of this embodiment, at step S305, the reduction torque STGmn corresponding to the revolving speed Nr of the
ring gear shaft 126 is read from a map that represents the relationship of Fig. 23 and is stored in advance in the ROM
190b. The reduction torque STGmn denotes a torque applied by the first motor MG1 to the carrier shaft 127 and thereby
to the crankshaft 156, in order to reduce the revolving speed of the engine 150 under the ceasing condition of fuel injec-
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tion. The processing time mntg of slower speed reduction represents a time period specified as a degree of relieving
the reduction rate of the revolving speed in the speed reduction process of an open-oop control discussed later, in order
to prevent a torque shack. The processing time mntg of slower speed reduction is set to a small value according to the
revolving speed Nr of the ring gear shaft 126 as shown.in the graph of Fig. 24. The revolving speed Nr of the ring gear
shaft 126 corresponds to the vehicle speed, so that the longer processing time mntg of slower speed reduction is desir- -
ably set for the lower vehicle speed to relieve the reduction rate of the torque command value. This effectively prevents
a torque shock. The processing time mntg will be discussed more in the open-loop control carried out at step $350.

After setting these variables, the control CPU 190 determines whether or not Condition 1 is fulfilled at step S320.
Condition 1 represents a preset condition to allow a start of the engine stop control and is, in this embodiment, that 300
mseg has elapsed since an instruction was given to cease the fuel injection to the engine 150. The instruction to cease
the fuel injection may not cause an immediate decrease in output torque of the engine 150. The waiting time of 300
msecis thus to ensure that the output torque of the engine 150 has certainly been decreased. In response to aninstruc-
tion of the EFIECU 170, after the fuel cutting operation, the engine 150 controls the open-close timing changing mech-
anism 153 to set the open-close timing of the valve to the greatest lag angle. Such setting decreases the load applied
at the time of a restart of the engine 150 and reduces the shock in the process of motoring the engine 150. In case that
Condition 1 is not fulfilled, the program proceeds to step $330 to continue the PID control based on the difference
between the actual revolving speed and the target revolving speed of the engine 150 and keep the revolving speed of
the engine 150.

In case that Condition 1 is fulfilled and a start of the engine stop controt is allowed, on the other hand, the program
proceeds to step S340 to compare the revolving speed Ne of the engine 150 with a predetermined value Nkn. The pre-
determined value Nkn used herein is a condition to stop the open-loop control when the execution of the engine stop
control has lowered the revolving speed Na of the engine 150. In this embodiment, the predetermined value Nkn is set
equal to 200 rpm under the condition of the vehicle at a stop, 250 rpm under the condition of the vehicle on a run with
the brake off, and 350 rpm under the condition of the vehicle on a run with the brake on. These values were experimen-
tally determined to prevent the revolving speed of the engine 150 from undershooting.

In case that the engine speed Ne is not smaller than the predetermined value Nkn at step S340, the program pro-
ceeds to step S350 to carry out the open-loop control and reduce the engine speed. The open-loop control will be dis-
cussed later with the flowchart of Fig. 25. Execution of the open-loop control gradually decreases the revolving speed
Ne of the engine 150. When the revolving speed Ne of the engine 150 has decreased to be lower than the predeter-
mined value Nkn, it is determined whether or not the current target torque STG is substantially equal to zero at step
$360. In case that the current target torque STG is not substantially equal to zero, the program proceeds to step S370
to camry out the processing to prevent the revolving speed of the engine 150 from undershooting.

After the processing at any one of steps S330, 8350, $360, and S370, the program goes to step $380 to restrict
the torque range and to step S390 to set a calculated target torque ttg subjected to the processing of torque range
restriction to the target torque STG. The program then exits from this routine. The processing of torque range restriction
limits the calculated target torque ttg to the rated torque range of the first motor MG1 or to an available torque range
based on the remaining charge of the battery 194.

The above procedure is repeatedly executed to regulate the revolving speed of the engine 150. Until 300 msec has
elapsed since a stop of fuel supply to the engine 150, the PID control is carried on to keep the engine speed at the tar-
get revolving speed (steps S320 and $330). After 300 msec has elapsed, the PID control is replaced by the open-loop
control to apply a torque from the first motor MG to the output shaft of the engine 150 or the crankshaft 156 in reverse
of the rotation of the crankshaft 156 and thereby reduce the revolving speed of the engine 150 in a predetermined range
of deceleration (steps $320, 5340, and §350). This process is shown by Section A of Fig. 27. When the revolving speed
Ne of the engine 150 becomes lower than the predetermined value Nkn, the open-loop control is concluded and the
processing is carried out to prevent undershoot (steps $320, $S340, S360, and S370). This process causes the target
torque to gradually decrease and approach zero as shown by Section B of Fig. 27.

The flowchart of Fig. 25 shows the details of the open-loop control executed at step $350. When the program
enters the open-loop control routine, it is first determined whether the vehicle is at a stop or on a run at step $351. In
case that the vehicle is on a run, the program proceeds to step S352 to carry out the processing of slower speed reduc-
tion using the target torque STGold and the reduction torque STGmn set at the start of the engine stop control and cal-
culate a tentative target torque ttg. The processing of slower speed reduction is carried on for the processing time nmitg
previously set according to the vehicle speed (see step S310 in the flowchart of Fig. 22 and Fig. 24). The processing of
slower speed reduction mathematically represents an integration process, but may be realized by calculating the
weighting average of the currently observed value and the target value in case that the processing is repeatedly exe-
cuted at predetermined intervals like this embodiment. In this embodiment, the calculation of weighting average is car-
ried out at every processing time nmtg and the weight added to the currently observed value is approximately one
sixteenth the weight added to the target value. Immediately after the program enters the processing to stop the engine
150, the target torque STG is set up a specified value by the PIP control described above (see Fig. 22 step $330). The
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processing of slower speed reduction thus does not abruptly set the reduction torque STGmn to the target torque imme-
diately after the start of the engine stop control but gradually makes the value of the tentative target torque ttg approach
the reduction torque STGriin set based on the map of Fig. 23. The longer processing time nmtg of slower speed reduc-
tion is set for the lower vehicle speed. The tentative target torque ttg accordnngly approaches the reduction torque
STGmn at the gentler rate against the lower vehicle speed.

When it is determined that the vehicle is at a stop at step $351, on the other hand, there is no need of varying the
processing time of slower speed reduction according to the vehicle speed. The program thus proceeds to step S353 to
carry out the processing of slower speed reduction for a fixed processing time (128 msec in this embodiment). The dif-
ference of the processing at step $353 under the condition of the vehicle at a stop from the processing at step 8352
under the condition of the vehicle on a run is that the reduction torque STGmn set according to the vehicle speed is
replaced by the sum of the fixed reduction torque and a.learnt value stgkg of the target torque. In accordance with a
concrete procedure, at step S353, the processing of slower speed reduction is carried out using the current target
torque STGold and the torque (-14+stgkg)-STGold. While the vehicle is on a run, the driver hardly feels the torque
shock due to a stop of the engine 150. While the vehicle is at a stop, on the contrary, the driver readily feels the torque
shock due to a stop of the engine 150. The program accordingly learns the behavior of reduction of the target torque
under the condition of the vehicle at a stop, and thus enables the engine 150 to be stopped with substantially no under-
shoot. The concrete procedure of obtaining the learnt value stgkg will be discussed later.

The above processing is executed at predetermined intervals, so that the tentative target torque gradually
approaches the reduction torque STGmn at the rate depending upon the processing time nmtg of slower speed reduc-
tion. After the tentative target torque ttg becomes coincident with the reduction torque STGmn, the first motor MG1 out-
puts a substantially fixed torque.

After the processing of slower speed reduction either under the condition of the vehicle on a run or under the con-
dition of the vehicle at a stop, it is determined whether or not Condition 2 is fulfilled at step S354. Condition 2 includes
the following three conditions:

(1) The revolving speed Ne of the engine 150 is not greater than 400 rpm;

(2) The vehicle is at a stop; and

(3) The learnt value stgkg has not yet been updated (that is, a flag Xstg representmg execution of the learning proc-
ess is not equal to one).

In case that any one of these three conditions is not fulfilled, the program immediately goes to NEXT and exits from
this routine. In case that all the three conditions are fulfilled, on the other hand, the program halts the torque reduction
and starts the processing to gradually decrease the target torque to zero. At step 8355, a deceleration AN of the revolv-
ing speed is computed.

The deceleration AN of the revolving speed is defined as the difference between the previous revolving speed
detected at-a previous cycle and the current revolving speed detected at a current cycle. In this embodiment,. detection
of the revolving speed Ne is carried out at every 16 msec. The program then goes to step $356 to determine whether
or not the deceleration AN of the revolving speed is within a range of -54 to -44. In case that the deceleration AN of the
revolving speed is within this range, the program goes to NEXT and exits from this routine. In case that the deceleration
AN of the revolving speed is greater than the value -44, a tentative learnt value tslg is decremented by one at step S357.
In case that the deceleration AN of the revolving speed is smaller than the value -54, on the other hand, the tentative
learnt value tstg is incremented by one at step $358. The procedure checks the reduction rate of the engine speed Ne
in Section A of Fig. 27 and varies the tentative learnt value tstg in order to affect the learnt value stgkg in the process
of determining the reduction torque under the condition of the vehicle at a stop in a next cycle of the open-loop control.
In the case of the smaller reduction rate, such variation in tentative learnt value tstg increases the absolute value of the
target reduttion torque, which is a negative value and is expressed as (-14+stghg)-STGold) calculated at step $353. In
the case of the greater reduction rate, on the contrary, the variation decreases the absolute value. The reduction rate of
the revolving speed Ne of the engine 150 at the time of stopping the engine 150 is accordingly adjusted to the appro-
priate range of -54 Nm/16 msec to -44 Nm/16 msec through the learning control.

The program then goes to step 8359 to restrict the tentative learnt value tstg to a predetermined range and set the
flag Xstg representing execution of the learning process equal to one. The procedure does not directly set the learnt
value stgkg but sets the tentative learnt value tstg, in order to prevent the leamt value used for the processing of slower
speed reduction (step S353) from being changed at every cycle of this open-loop control routine. The learnt value stgkg
is used in a next cycle of the engine stop control.

The open-loop control routine discussed above is carried out after 300 msec has elapsed since a stop of fuel supply
to the engine 150, and gradually.increases the magnitude of the negative torque applied from the first motor MG1 to the
output shaft of the engine 150 (that is, the torque applied in reverse of the rotation of the output shaft) toward the final
torque determined according to the state of the vehicle, that is, at a stop or on a run. When the revolving speed Ne of
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the engine 150 gradually decreases as shown by Section A of Fig. 27 to or below 400 rpm, in case that the vehicle is
at a stop, the learnt value tstg depends upon the deceleration AN of the revolving speed.

In case that the revolving speed Ne of the engine 150 gradually decreases and eventually becomes smaller than
the predetermined value Nkn, the open-loop control is replaced by the processing to prevent undershoot (executed at
step S370 in the flowchart of Fig. 22). The flowchart of Fig. 26 shows the details of the processing to prevent under-
shoot. When the program enters the routine of Fig. 26, the tentative target torque ttg is computed at step 3371 accord-
ing to the equation of:

ttg = STGold + 2 [Nm}

Itis then determined whether or not the calculated tentative target torque ttg is not greater than -2 at step S372. In case
that ttg is greater than -2, the tentative target torque ttg is set equal to -2 at step S373. The processing of steps S372
and S373 accordingly sets the upper limit (=-2) of the tentative target torque ttg.

This procedure gradually decreases the magnitude of the torque, which has been applied to reduce the revolving
speed Ne of the output shaft of the engine 150, within a range that does not exceed -2 [Nm]. The variation in tentative
target torque tig according to the above equation decrements the magnitude of the torque, which has acted in the direc-
tion of decelerating the output shatit of the engine 150, by 2 [Nm] at every 8 msec that is the interval of the interrupting
process. The torque thus gradually approaches zero (see Section B of Fig. 27).

After the processing of either step S372 or step S373, it is determined whether or not the revolving speed Ne of the
engine 150 is less than 40 rpm at step S374. In case that the revolving speed Ne of the engine 150 is less than 40 rpm,
the program determines no further necessity of applying the braking torque to the output shatft of the engine 150, and
sets the tentative target torque ttg equal to zero at step S375.

The program then goes to step S376 to determine whether or not Condition 3 is fulfilled. Condition 3 includes the
following two conditions:

(1) The vehicle is at a stop; and
(2) The learnt value stgkg has been updated (that is, the flag Xstg representing execution of the learning process
is equal to one).

In case that either one of these two conditions is not fuffilled, the program goes to NEXT and exist from this routine.
In case that both the conditions are fulfilled, on the other hand, the program proceeds to step S377 to set the tentative
learned value tstg to a learned value STGkg and to step S378 1o reset the flag Xstg to zero. After the processing, the
program exits from this routine.

The processing to prevent undershoot decreases the magnitude of the torque applied to the output shatft of the
engine 150 toward -2 as shown by Section B of Fig. 27. When the revolving speed Ne of the engine 150 becomes less
than 40 rpm, the braking torque is set equal to zero. This procedure effectively prevents the revolving speed Ne of the
engine 150 from being lower than zero, that is, prevents undershoot.

The primary effects of the second embodiment are given below:

(1) While there is a requirement of continuous operation of the engine 150, the PID.control is carried on to keep the
revolving speed Ne of the engine 150 at a target revolving speed.

(2) when there is no requirement of continuous operation of the engine 150, the EFIECU 170 stops fuel supply to
the engine 150. After 300 msec has elapsed since the stop of fuel supply, the open-loop control is carried out to
cause the first motor MG1 to apply the torque in reverse of the rotation of the output shaft of the engine 150 to the
carrier shaft 127, which is connected to the crankshaft 156 or the output shaft of the engine 150. The open-loop
control does not execute the feed back Gontrol of the target torque of the first motor MG1 based on the deviation of
the revolving speed Ne of the engine 150 from the target revolving speed (=0), but determines the target torque
based on a predetermined algorithm. In the above embodiment, as shown in Fig. 27, the algorithm gradually
increases the magnitude of the target torque at a predstermined rate. Such contro! effectively prevents a large
torque from being abruptly applied in reverse of the rotation of the engine 150 at the time of stopping the engine
150 to cause a torque shock and worsen the drivability. As shown in Fig. 27, after the processing of slower speed
reduction, the torque of a fixed magnitude is applied in reverse of the rotation of the output shaft of the engine 150.
This makes the reaction torque constant and further improves the drivability.

(3) The first motor MG1 applies the torque in reverse of the rotation of the output shaft of the engine 150, so that
the revolving speed Ne of the output shaft of the engine 150 is lowered at a predetermined deceleration (approxi-
mately -50 rpnV16 msec in this embodiment). The deceleration is limited to the range that does not cause torsional
vibrations of the output shaft, and no torsional vibrations accordingly occur on the crankshaft 156 and the carrier
shaft 127 connected to each other via the damper 157.
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{4) When the revolving speed Ne of the engine 150 becomes lower than a predetermined level (400 rpm in this
embodiment), in case that the vehicle is at a stop, the learning process is carried out to make the deceleration
within a predetermined range in a next cycle of the engine stop control.

(5) When the revolving speed Ne of the engine 150 further decreases to or below the predetermined value Nin
(200 rpm through 350 rpm in this embodiment), the mabnitude of the torque applied by the first motor MG1 is grad-
ually decreased at a predetermined rate toward zero. This process effectively prevents the revolving speed Ne of
the output shaft of the engine 150 from being lower than zero, that is, prevents the reverse rotation of the crankshaft
156. The crankshaft 156 is generally designed on the assumption of no reverse rotation. The reverse rotation of the
crankshaft 156 may, for example, cause a lock of the lead angle in the open-close timing changing mechanism 153.
In the structure of this embodiment, the magnitude of the torque applied to the output shaft of the engine 150 is
decreased with a decrease in revolving speed Ne of the engine 150. When the revolving speed Ne of the engine
150 becomes lower than 40 rpm, the braking torque is set equal to zero. This structure effectively prevents the
reverse rotation of the crankshatft 156.

(6) The predetermined value Nkn used as the criterion of the control procedure is set equal to 200 rpm under the
condition of the vehicle at a stop, 250 rpm under the condition of the vehicle on a run with the brake off, and 350
rpm under the condition of the vehicle on a run with the brake on. This enables the torque applied to the output shaft
of the engine 150 in the direction of reducing the revolving speed to be substantially constant irrespective of the
driving state of the vehicle. The revolving speed of the engine 150 subjected to the open-loop control can thus been
decreased gently to zero.

The power output apparatuses 110 and 110’ of the first and the second embodiments and their modified examples
discussed above are applied to the FR-type or FF-type two-wheel-drive vehicle. As shown in Fig. 28, however, a power
output apparatus 110C given as another modified example is applied to a four-wheel-drive vehicle. In this structure, the
second motor MG2 is separated from the ring gear shaft 126 and independently arranged in the rear-wheel. portiori of
the vehicle, so as to drive the rear driving wheels 117 and 119. The ring gear shaft 126 is, on the other hand, connected
to the differential gear 114 via the power feed gear 128 and the power transmission gear 111, in order to drive the front
driving wheels 116 and 118. Either one of the engine stop control routines shown in Figs. 7 and 22 is-also applicable to
this structure.

The power output apparatus 110 of the embodiment and their modified examples discussed above are applied to
the FR-type or FF-type two-wheel-drive vehicle. In another modified example of Fig. 28, however, a power output appa-
ratus 110C is applied to a four-wheel-drive vehicle. In this structure, the second motor MG2 is separated from the ring
gear shaft 126 and independently arranged in the rear-wheel portion of the vehicle, so as to drive the rear driving
wheels 117 and 119. The ring gear shaft 126 is, on the other hand, connected to the differential gear 114 via the power
feed gear 128 and the power transmission gear 111, in order to drive the front driving wheels 116 and 118. The engine
stop control routine of Fig. 7 is also applicable to this structure. . :

Permanent magnet (PM)-type synchronous motors are used as the first motor MG1 and the second motor MG2 in
the power output apparatus 110 of the embodiment. Any other motors which can implement both the regenerative oper-
ation and the power operation, such as variable reluctance (VR)-type synchronous motors, vernier motors, d.c. motors,
induction motors, superconducting motors, and stepping motors, may, however, be used according to the requirements.

Transistor inverters are used as the fist and the second driving circuits 191 and 192 in the power output apparatus
110 of the embodiment. Other available examples include IGBT (insulated gate bipolar mode transistor) inverters, thy-
ristor inverters, voltage PWM (pulse width modulation) inverters, square-wave inverters (voltage inverters and current
inverters), and resonance inverters. .

The battery 194 in the above embodiment may include Pb cells, NiMH cells, Li cells, or the like cells. A capacitor
may be used in place of the battery 194.

In the power output apparatus 110 of the embodiment, the crankshaft 156 of the engine 150 is connected to the
first motor MGi1 via the damper 157 and the planetary gear 120. When the operation of the engine 150 is stopped, the
variation in revolving speed Ne of the engine 150 is regulated by the output torque from the first motor MG1 via the plan-
etary gear 120. Like another power output apparatus 310 shown in Fig. 29 as still another modified example, a crank-
shaft CS of an engine EG is directly connected to a rotating shaft RS of a motor MG via a damper DNP. The variation
in revolving speed Ne of the engine EG is regulated by the motor MG when the operation of the engine EG is stopped.
This structure exerts the same effects as those of the power output apparatus 110 of the above embodiment. In the
above embodiments, the first motor MG1 and the second motor MG2 are arranged to be coaxial with the shaft of power
transmission. The arrangement of these motors with respect to the shatt of power transmission may, however, be deter-
mined arbitrarily based on the design requirements.

The present invention is not restricted to the above embodiment or its modified examples, but there may be many
modifications, changes, and alterations without departing from the scope or spirit of the main characteristics of the
present invention. For example, although the power output apparatus is mounted on the vehicle in the.above embodi-

BMW1012
Page 884 of 1654

20



10

15

25

30

35

50

EP 0 839 683 A2

ment, it may be mounted on other transportation means like ships and airplanes as well as a variety of industrial
machines.

It should be clearly understood that the above embodiment is only illustrative and not restrictive in any sense. The

scope and spirit of the present invention are limited only by the terms of the appended claims.

Claims

1.

A power output apparatus for outputting power to a drive shaft, said power output apparatus comprising:

an engine having an output shaft;

a first motor having a rotating shaft and inputting and outputting power to and from said rotating shaft;

a second motor inputting and outputting power to and from said drive shaft;

three shaft-type power input/output means having three shafts respectively linked with said drive shaft, said
-output shaft, and said rotating shaft, said three shaft-type power input/output means inputting and outputting
power to and from a residual one shaft, based on predetermined powers input to and output from any two
shafts among said three shafts;

fuel stop instruction means for giving an instruction to stop fuel supply to said engine when a condition of stop-
ping operation of said engine is fulfilled; and

stop-time control means for causing a torque to be applied to said output shaft of said engine and thereby
restricting a deceleration of revolving speed of said output shaft to a predetermined range in response to said
instruction to stop the fuet supply to said engine, s0 as to implement a stop-time control for stopping the oper-
ation of said engine.

A power output apparatus in accordance with daim 1, said power output apparatus further comprising:

target torque storage means for determining a time-based variation in target value of the torque applied to said
output shaft of said engine, based on a behavior at the time of stopping the operation of said engine,
wherein said stop-time control means comprises:

means for driving said first motor, as said stop-time control, fo apply a torque corresponding to said target
value to said output shaft of said engine along a time course after the stop of fuel supply to said engine via
said three shaft-type power input/output means.

A power output apparatus in accordance with daim 2, said power output apparatus further comprising:

deceleration computing means for computing the deceleration of revolving speed of said output shaft during
the course of said stop-time control;

learning means for varying a learnt value according to the deceleration computed by said deceleration comput-
ing means and storing said learnt value; and

.deceleration range determination means for determining said predetermined range in said stop-time control
-carried out by said stop-time control means, based on said learnt value stored by said learning means.

A power output apparatus in accordance with daim 1, said power output apparatus further comprising:

revolvmg speed detection means for measuring the revolving speed of said output shatft,
wherein said stop-time control means further comprises:

means for driving said first motor, as said stop-time control, in order to enable the revolving speed of said
output shaft measured by said revolving speed detection means to approach a predetermined value via a
predetermined pathway.

A power output apparatus in accordance with claim 1, said power output apparatus further comprising:

revolving speed detection means for measuring the revolving speed of said output shatt,
wherein said stop-time control means further comprises:

means for driving said first motor, as said stop-time control, to apply a torque in reverse of the rotation of
said output shaft via said three shaft-type power input/output means to said output shaft, until the revolving
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speed of said output shaft measured by said revolving speed detection means becomes coincident with
said predetermined value.

A power output apparatus in accordance with claim 5, wherein said stop-time control means further comprises
means for driving said first motor, as part of said stop-time control, to apply a predetermined torque in the direction
of rotation of said output shaft via said three shaft-type power input output means to said output shaft, when the
revolving speed of said output shaft measured by said revolving speed detection means decreases fo a reference
value, which is not greater than said predetermined value.

A power output apparatus in accordance with claim 5, said power output apparatus further comprising:

deceleration computing means for computing the deceleration of revolving speed of said output shaft during
the course of said stop-time control; and

reference value setting means for setting a larger value to said reference value against a greater absolute value
of the deceleration.

A power output apparatus in accordance with claim 5, said power output apparatus further comprising:

braking force detection means for determining magnitude of a braking force applied to said drive shaft during
the course of said stop-time control; and

reference value setting means for setting a larger value to said reference value when said braking force detec-
tion means determines that the braking force has a large magnitude.

A power output apparatus in accordance with claim 5, wherein said predetermined value is a revolving speed that
is lower than a resonance range of torsional vibrations in a system including said output shaft and said three shaft-
type power mput/output means.

A power output apparatus in accordance with claim 1, said power output apparatus further comprising:

second motor control means for driving said second motor to continue power input and output to and from said
drive shaft, when said instruction to stop the operation of said engine is given in the course of continuous power
input and output to and from said drive shaft.

An engine controller comprising an engine for outputting power through combustion of a fuel and a motor con-
nected to an output shaft of said engine via a damper, said engine controller controlling operation and stop of said
engine and comprising:

fuel stop means for stopping fue! supply to said engine when a condition to stop the operation of said engine
is fuffilled; and .
stop-time control means for causing a torque to be applied to said output shaft of said englne»and thereby
restricting a deceleration of revolving speed of said output shaft to a predetermined range in response to the’
stop of fuel supply to said engine, so as to implement a stop-time control for stopping the operation of said
engine.

An engine controller in accordance with claim 11, said engine controller further comprising:

target torque storage means for determining a time-based variation in target value of the torque applied by said
motor to said output shaft of said engine, based on a behavior at the time of stopping the operation of said
engine,

wherein said stop-time control means comprises:

means for driving-said motor, as said-stop-time control, to apply a torque comesponding to said target
— value to said output shaft of said engine along a time course after the stop of fuel supply to said engine.

13. An engine controller in accordance with claim 12, said engine controller further comprising:

deceleration computing means for computing the deceleration of revolving speed of said output shaft dunng
the course of said stop-time control;
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learning means for varying a learnt value according to the deceleration computed by said deceleration comput-
ing means and storing said learnt value; and

deceleration range determination means for determining said predetermmed range in said stop-time comrol
carried out by said stop-time control means, based on said learnt value stored by said learning means.

14, An engine controller in atcordance with claim 11, said engine controller further comprising:

revolving speed detection means for measuring the revolving speed of said output shaft,
' wherein said stop-time control means further comprises:

means for driving said motor, as said stop-time control, in order to enable the revolving speed of said out-
put shaft measured by said revolving speed detection means to approach a predetermmed value via a pre-
determined pathway.

15. An engine controller in accordance with claim 11, said engine controller further comprising:

revolving speed detection means for méasuring the revolving speed of said output shaft,
wherein said stop-time control means comprises:

means for driving said motor, as said stop-time contrdl, to apply a torque in reverse of the rotation of said
output shaft to said output shatft, until the revolving speed of said output shaft measured by said revelving
speed detection means becomes coincident with said predetermined value.

16. An engine controller in accordance with claim 11, said engine controller further comprising:

revolving speed detection means for measuring the revolving speed of said output shaft,

wherein said stop-time control means further comprises means for driving said motor, as part of said
stop-time control, to apply a predetermined torque in the direction of rotation of said output shaft to said output
shaft, when the revolving speed of said output shaft measured by said revolving speed detection means
decreases to a reference value, which is not greater than said predetermined value.

17. An engine controller in accordance with claim 15, said engine controller further comprising:

deceleration computing means for computing the deceleration of revolving speed of said output shaft during
the course of said stop-time control; and

reference value setting means for setting a larger value to said reference value against a greater absolute value
of the deceleration.

18. An engine controller in accordance with claim 15, wherein said predetermined value is a revolving speed that is
lower than a resonance range of torsional vibrations in a system including said output shaft and a rotor of said
motor. .

19. Amethod of controlling a power output apparatus, which comprises: an engine having an output shaft; a first motor
having a rotating shaft and inputting and outputting power to and from said rotating shatft; a second motor inputting
and outputting power to and from said drive shaft; and three shaft-type power input/output means having three
shafts respectively linked with said drive shaft, said output shaft, and said rotating shaft, said three shaft-type power
input/output means inputting and outputting power to and from a residual one shaft, based on predetermined pow-
ers input to and output from any two shafts among said three shafts, said method comprising the steps of:

giving an instruction to stop fuel supply to said engine when a condition of stopping operation of said engine is
fulfilled; and

causing a torque to-be applied to said output shaft of said engine and thereby restricting a deceleration of
revolving speed of said output shaft to a predetermined range in response to said instruction to stop the fuel
supply to said engine, so as to implement a stop-time control for stopping the operation of said engine.

20. A method of controlling stop of an engine, said engine outputting power through combustion of a fuel and having
an output shaft connected to a motor via a damper, said method comprising the steps of:
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stopping fuel supply to said engine when a condition to stop operation of said engine is fulfilled; and

causing a torque to be applied to said output shaft of said engine and thereby restricting a deceleration of
revolving speed of said output shatt to a predetermined range in response to the stop of fuel supply to said
engine, so as to implement a stop-time control for stopping the operation of said engine.
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On cherche 4 diainner la consommation et la pollution des wvéhiecnles A
moteur et les constructeurs sonhaiteraient pouvoir réduire la puissance et
1'importance des moteurs tout en conservant suffisamment de puissance pour

-les aocélérations ot 1la condutte..

La présente invention a pour cbjet de donner une solution & ce prodléme,

Elle consiste & utiliser le moteur du véhicule pendant le maxizun de
de temps daus les meilleures conditions de rendement et de puissance par
1tensesdle des moyens suivants et de leurs diverses liaisons mécaniques et
électriques 1 le moteur du véhionle est accouplé & un générateur &lectrique
branché swr une batterie dtaccumulateurs ; cette batterie ot ce génératewy
sont connectés 3 des moteurs électriques qui assurent la propulsion, le
freinages 4 récupération A'énergie ot la marche arridre, par l'intermédiaire
d'unne bolte de vitesse et d'un pont § un exmbrayage ou un dispoaitif équi-
valent permet d'accoppler mécaniquement ou antrement le groupe moteur-génd-
rateur & la transmission de propuleion § tous ces organes étant sommandés
par un appareillage approprié, manuel, autosatique on mixte, permettant
dteffoctuer 1es liaisons, méoaniques, &lectriquea ou autres, de ces organes
entre oux et aux transmissions de propulsion afin de réaliser dans les oone
ditions optima exposées précédemment los modes de fonotionnements suivants:

1 - exclusivement &lectrique, le groupe générateur &tant arrdté.

2 « électrigne pormal, avec le groupe en marche non embray$ sur la trans-
zission.

3 . électrique A surpuissance temporaire, approximativement doublée en
embrayaxt sur la transmission de propulsion le groupe, gérérateur
débranché ou,auciptnle a'8tre triplée, moyennement des aménagements
appropriés, générateur branché.

4 - pixte de ocroisidre, réalisé de préférence lorsque le vdhioule roumle
régulidrement A une vitesse correspondant sensiblement au régime op-
tiza, par esbraynge dn groupe sur la transmission, moteurs de propile
sion débranchés, gémérateunr branchés ce dernier travaillant alors,
enivant la vitesse do marohe, en moteur ou en générateur pour régu~
lariser la marche su régime optima.

S - mixte accéléré, comme &, mais en changeant le rapport de vitesse pour
passer au rapport supériewr losque le réigine optina est atteint. Dans
ce mode de fonmotionnement la surpuissance est avtomatiguement réali-
séo par le générateur au moment du changement de rapport.

6 ~ classique, avee le groupe embrayé,génératour et moteurs dédbranchés.

7 - marche arridre et freinage §lectrique A réoupération d'énergle,par
inversion du sens de marche des Notoeurs. .
En faisant 1'examen copparatif des bilana de fonctionnement d'un tel

- ——
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véhicule et d’un vébicule classique on constate que les pertos de rendee
nent ddes i 1s transformation 6lectrique sont trés inférieures anx gadns
de 1l'invention. Plus particulidrement dans 1o cas d'une circulation trds
difficile, aves marche exclusivement électrique sans pollution, dans la~

5 Qquelle il est possible, avec une batterie de capacité peu élevée,d'obtenir
une antonomis de parcours de 5 & I0 Em pendant 5 & IO minutes. Les meil-
leures conditions de marche sont celles du fonctionnement mixte da ns lo-.
quel les pertes &lectriques sont réduites au minimus losqus 1e débit au
générateur est mul, sa tension & vide étant Sgale & la temsion naxima de

10 de 1a batterie. Le véhicule est alars propulsé aveo 1a preque totalité de
1'épergle mécanique du moteur ot.quand, parisuite d'une augmentation des
résistances 3 l'avancexent, la vitesse de marche d:!.minu&.lmpniaaance TS
trice s'accroit de la puissance fournie par le générateunr.

Sur la ylanche unique annexéeont §té représentées schématiquement deux

15 réalisations non exclusives, des dispositions de 1'invention 3.la Fig. 1

- dans laquelle le motenr du véhicnle, le génémtom'r et los moteurs de pro-
pulsion ont des vitesse égales; la Fig. 2 dans lagquelle, en vue d'un abais-
senents ('lu poids e du prix, les oréams électriques ont des vitesses plus.
élevées. Le moteur 1 du véhicule est uocpnpl& an génératour Gleofriqu 2. .

20 Les noteurs électriques 3 assurent la propulsion par l'intermédiaire.ds
1'arbre 4, 1la botte de vitesse 5, le pont 6 ot les transmissions 7. les
batteries sont tiguréen on 8, 1'embrayage du moteur sur la propulsion en 9
et la capacité contenmant l'appareillage de commande et de contrile ea 10.
Sur la Fig. 2, le générateur 2 comporte dénx_ enroulementa égaux indépen-

25 dants, chacun d'enx étant comnecté & une domi-batterie 8 la yropulsion
est faite par deux moteurs 3, disposés sur un nSme axe. On pourra ainsi,
sans i.ntemyt.{on de charge,coupler. en.série ou en paralldle oés divers -
&léments an moyen a'un appareillnge approprié et obtenir plusiours vitesses
&lectriques. Par exexple avec des demi-batteries de 12 volts et des moteurs

30 de 24 volts 11 sera possible dtalimenter ceux-ci sous 6 , .12 on 24 volts
ot obtenir 3 vitesses électrigues qui, combinées & une bolte & 3 rapports
donneront 9 allures de marche différentes.

Ces dispositions permettront de réaliser dea véhicules économiques,
de conduite agréable, ayant des couples de démarrage importants, de bonnes

35 accélérations, une aptitude convenable en c3te,des plafonds de vitesse
plus élevés, capables de recharger leurs batteries pendant l'arr8t ou le
stationnemant et susceptibles de recevolr un &quipement de mparche semi-
automatique peu coliteux. On peut, par e:ionple. contevolr 3 gamnes: la pre-
midre, de circulation wrbaine ou encombrée & 11 , 22 et 44 Kmhi la seconde

40 pour.circulation banlieue ou promenade & 18 , 36 et 72 Emh; la troisiiame

o — . & w50
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pour les parcours routiers i 30 , 60 et 120 Kmh,

En principe seront utilisés, d'une part, des moteurs série et des
génératrices shunt comportant éventuellement des dispositifs complémen~
taires d'excitation ou autres, couramment employés en coxmande 8lectriqus,
ot, d'autre part, les appareillagea auxiliaires classiques néceasaires
4 leur fonctionnement. .

Ces dispositiocns peuvent Stre appliquées i tous genres de véhicules
4 moteur , mais plus particulidrement & coux de faible pulssance on de
trds petite cylindrée sans permis de conduite,auxquels olles apportent
des améliorations mcdifiant totalement leurs performancos en leur procue
rant ainai des débdouohés Leawconp plus importants.

Ellea convienneat parfaitement aux véhicules de toutes pulssances son-
mis 4 des arrlits fréquenta de plus ou moins longue durée,conme lea voitu-
rea de ramsssage ou de livraison,de voyageurs de commerce,eto...

Elles s'appliquent égalenent aux satériels,machines,appareils,dans
lesquels on utilise diversenent 1'énergio d'un modaur-et qui sont sus-
ceptibles d'exiger tesporairement une puissance supbrieure.

— -
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EEVERDICATIONS  °
1 - Invention ayant pour objet de réduire la conscmmation et la pollue
tion des véhicules i motewr et d'augmenter tezporaivement leur puissance
motrice,oaractérisée par 1'utilisation,pendant le maximum de tup.du RO
teur du véhicule fonotionnant dans les meilleures conditions ds rendiment
et de puissance,en ecnployant l'ensesble des moyens sulvants et leurs di-
verses liaisons &lectriques et mécaniques 3 le moteur dn véhicmle est.ao-
coupléd & un génératewr électrique branché sur une batteris d'acomnulateurs;
cette batterie et oo génératour sont connectés i des wotewrs Sleotriques
qui assurent 1a propulsion,le freinage & récupbration d?énergie ot 1a mar-
che arridre,par 1'intermédiaire d'une bofte de vitesse et d'mn ponty un .
enbrayage ou un dispositif équivalent permet d'acvoupler,mécaniquement om
autrement,le groupe moteur-générateur 2 la trapsmission de propulsion
tous cea organes &étant commandés par un apparsillage appropeid manuel,ave
tout:lqio on mizte,permettant d'effectuar les lialsons &lectrigues,mécas
niques ou autres,de ces organes entre eux ot ‘aux transzissions de. propule
sion,atin de réaliser dans les conditions optiu exposées préoddemment’
les modes de fonotionnement suivants 3
1 = exclusivement électrique,le groupe moteur-géndrateur étant arr8tid.
2 - Sleoctrique normal,le groups en sarche,non enbrayé sur la transsisaion.
3 - 8lectrique A surpuisasance teimmo.appomativemut doubléo,én o .
trayant le groupe,ginératenr débranché,sur la transaicsionj om sus-
ceptible d¥8re triplée,en exbrayant le groupe,générateur branohé,
4 - mixte de croisidre,par smbraysge du groupe sur la transnissiony mow
- teurs de propulsion débranchés,générateur branchéjoe dernior travail-
lant alors,suivant la vitesse de naréhe,en moteur ou sn génbrateur,
ponr régulariser la marchs au régime optimal
5 - mixte accdléré,réalind comme 4,zais en changeant le repport de viten-
se poux passer au rapport supérieur lorsque le r&g!.uo oyti.-a oot at-
teint.Dans ce mode de fonctiopmement la surpnisama est automati-
quement réalisfe par le générateur lora du changenment ds rapport.
6 - classique,aves le groupe exbrays,génirateur et moteurs débranchés.
? - froinage électrigue a réoupération ot marche arridre par inveraion
du sens de sarche des motewrs. .

2 - Ensenble suivant la rev. 1. ca.ractérué par 2 gbnérateurs, 2 mo-
teurs et 2 demi-batteries, pour cbtenir,sans interrémpre la charge, par
des connexions appropriées et le montage série-paralldle de ces éléments,
pPlusicurs vitesses de narche des moteurs &leotriques. -

3 - Ensemble suivant les rev. 1 et 2 ocaractérisé,en vue d'une ...

o — . —  —————
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aeélioration du rendesent et do l'enconbrement,par le gonre et la dispo~
sition des engrenages qu'il cowports,d savoir: powr la bofte de vitesss,
seuls tournent les engremages du rapport utilisé, lea antres étant 3 1'ar-
ity pour lo pont,couple rédmotenr dont le pignon-est un engrenage droit,
hélico2dal ou A chevrons et la roue un engrenage intérieumr.

4 - Ennenble suivant los rev. 1 et 2 ,caraotérisé par un appareillnge
avtomsatique de mize en marche ot d'arrdt én moteur-générateur pour la
charges deo 1la batterie en fonction de la charge de cellewci,susceptidle de '
fonctionner pendant 1'arrdt,la marche om le statiommement du wvéhicule.

5 ~ Ensemble suivant les rev, 1 et 2 , caractériss, pour réduies-
1tencombroment,par des générateurs et des moteurs comportant deux enroule-
aepts distinots sur un alme rotoy ot 4ans une mdme carcasse,

6 « Ensemble cuivant les rev, 1 ot 2 , caractérisé, en vue d'une di=-
sinuation de poids, dtencosbrenment et de pertes de rendement, par des mo-
teurs $lectriquen et des générateurs A grande vitesse,et l'acoouplement
de ces derniers aw moteur du véhioule au moyen dfun multiplicateur de
vitesse.

? - Ensenble suivant les rev. 1 et 2 dans lequsl les rapports de la
bolte de vitesse mécanique sont commandés manuellement, tandis que coux
de 1a combinaison électrique sont & commande sutomatique.

8 - Ensesble suivant la rev. 2 ,caractérisé, en vue d'une sfflification,
par un emplol partiel des dispositions de cette revendication,conme par -.
exomple le montage série-parallile de asenlement les 2 moteura de propul-
sion,0e qui réduit & 2 le noadre des rigines de narche odtenus.

o —— - -
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A search is underway to reduce fuel consumption and pollution by motor vehicles and manufacturers would
like to be able to reduce the power and importance of engines, while retaining enough power for acceleration and
driving.

The purpose of this invention is to provide a solution to this problem,

It consists of using the motor vehicle during the maximum time in the best conditions of fuel consumption
and power by all of the following means and their various mechanical and electrical links: the vebicle's engine is
directly connected to an electrical generator connected to a storage battery; this battery and the generator are
connected to electric motors that provide the power, regenerative breaking, and moving in reverse gear, by means of
a transmission and a bridge circuit; a clutch or an equivalent device to connect the motor-generator assembly
to the power transmission, mechanically or otherwise; all of these units, being controlled by appropriate
manual, automatic, or mixed equipment, allowing the manual, automatic, or other connections of these units to be
carried out among themselves and to the transmission of power in order to carry out the following methods of
operation in the optimum conditions as described above:

1 - exclusively electrica), the generator group being suppressed.

2 — normal electrical, with the group in operation, not engaged to the transmission.

3 - electrical with temporary emergency power, approximately doubled, by cngéging the system on the transmission
of power, with the generator disconnected; or, capable of being tripled by means of appropriate design with the
generator connected. '

4 - mixed at cruising speed, preferably done when the vehicle is moving steadily at a speed that corresponds closely
to the optimal rate, by engaging the system on the transmission with the propulsion motors disconnected and the
generator connected; the generator then operates according to the operating velocity, with the motor or the generator
to stabilize the speed at the optimal level, '

5 ~ mixed acceleration, like 4, but changing the velocity ratio in order to go to the higher ratio when the optimum
rate is reached. In this method of operation, the emergency power is automatically achieved by the generator at the
time when the ratio is changed.

6 ~ classic, with the system engaged and the generator and motors disconnected.

7 - reverse gear and regenerative electrical braking by reverse running of the motors.

In making a comparative examination in appraisal of the operation of such a vehicle and a classic vehicle, it
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is observed that the losses in efficiency due to the electrical transformation are much less than are the gains of the
invention. In particular in the case of very difficult traffic, with exclusively electrical operation without pollution, in
which it is possible with a Jow-capacity battery to make an autonomous trip of § to 10 kilometers in from S 10 10
minutes. The best operating conditions are those with mixed functioning in which the electrical losses are reduced to
a minimum when the output of the generator is nil, its empty voltage being equal to the maximum voltage of the
battery. The vehicle is then powered with almost all of the mechanical energy of the engine and when, afteran
increase in resistance 1o the forward motion, the velocity decreases, the power of the engine increases from the
energy provided by the generator,

In the only drawing attached, there is shown schematically two non-exclusive representations of the
features of the invention: Fig. 1, in which the engine of the vehicle, the generator, and the propulsion motors have
equal velocities; Fig. 2 in which, in view of a reduction in weight and in price, the electrical units have higher
velocities. The engine ) of the vehicle is connected to an electrical generator 2, The electrical motors 3 provide the
power by means of the shaft 4, the gearbox §, the bridge circuit 6, and the transmissions 7. The batteries are shown
in 8, the clutch of the propulsion motor in 9 and the box containing the command and control instruments in 10. In
Fig. 2, the generator 2 includes two equal and independent units, cach of them connected to a half-battery 8; the
power is achieved by two motors 3, arranged on the same axis. In this way, without interrupting the charge, these
different units can be connected in series or in parallel, by means of appropriate instrumentation and achieve several
electrical velocities. For example with 12 volt half-batteries and 24 volt motors it will be possible to supply them
with 6, 12, or 24 volts and obtain 3 electrical velocities which, combined with 3-speed gearboxes velocities will give
9 different levels of performance.

These arrangements will allow the development of economical vehicles, easy to drive, with significant
starting torque, a suitable response on inclines, higher velocity ceilings, able to recharge their batteries while siopped
or parked, and able to receive inexpensive semi-automatic operating equipment. For example, three series appear
possible: the first, in city or congested traffic at 11, 22, or 44 Kmh; the second for suburban or sightseeing traffic at
18, 36, and 72 Kmbh; the third
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for highway trips at 30, 60, and 120 Kmh.

In ﬁrincip!e, on the one hand, motors in series and generating shunts will be used possibly including
excitation devices or other devices, currently used in electrical commands, and, on the other hand, the classic
auxiliary instrumentation necessa;y' for their Wﬁon.

These arrangements may be applied to all kinds of vehicles, but in particular to low-power vehicles or very
few cylinders without a driver's license required, to which they will bring improvements that will completely change
their performance, thereby providing them with much larger markets.

They are perfectly adapted to vehicles of any power that are subject to frequent long or short stops, such as
pickup and delivery yehiclcs, traveling salespeople, etc. _

They also apply 10 equipment, machines, and devices in which the energy of a motor is used in different
ways and that are subject to a temporary need for greater power.
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CLAIMS
1 - An invention whos;e purpose is to reduce fuel consumption and pollution of motor vehicles and to
increase their engine powcr temporarily, characterized by the ﬁsé. during the maximum period of time, of the engine
of the vehicle opéralixig in the besl‘c;ondi@ns of fuel consumption and power, using all of the following methods
and their various electrical and mechanical links: the vehicle’s engine is directly connected to an clectrical generator
connected to 5 storage battery; this battery and the generator arc connected to electric motors that provide the power,
regenerative breaking, and moving in reverse gear, by means of a transmission and a bridge circuit; a clutch or an

equivalent device to connect the motor—genergtof assembly to-the power transmission, mechanically or otherwise; all

- of these units, being controlied by appropriate manual, automatic, or mixed equipment, allowing the manual,

automatic, or other connections of these units to be carried out among themselves and to the transmission of power
in order 1o carry out the following methods of operation in the optimum conditions as described above: '

1- exclusively electrical, the enginc-generator group being suppressed.

2 ~ normal electrical, with the group in operation, not engaged to the transinission.

3 - electrical with temporary emergency power, approximatcl; doubled, by engaging the system on the transmission
of power, with the generator disconnected; or, capa.blc of being tripled by engaging the system with the generator
connected. i ' N

4 - mixed at cruising speed, by engaging the system on transmission, with the propulsion motors disconnected and

the generator connected; the generator then operates according to the operating velocity, with the motor or the

‘ generator to stabilize the speed at the optimal level.

5 — mixed acceleration, like 4, but changing the velocity ratio in order to go to the higher ratio when the optimum
rate is reached. In this method of operation, the emergency power is automatically achieved by the generator at the
time when the ratio is changed. '

* 6 - classic, with the system engaged and the generator and motors disconnected.

7 ~ reverse gcﬁr and regenerative electrical braking by reverse running of the motors. )

2 — A system according to claint 1, characterized by 2 generators, 2 motors, and 2 half-batteries in‘order to

obtain by appropriate connections and the series-parallel assembly of these units several operating speeds from the

clectric motors, without interrupting the charge.

3 ~ A system according to claims 1 and 2, characterized in view’
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of an increase in fuel efficiency and the size, by the kind and layout of the gears that are included, namely: for the
gearbox, only gears of the ratio that are tuming are used, the others are stopped; for the bridge circuit, a reduction
torque whose cog is a straight, helicoidal, or double helicoidal gear and the wheel an interior gear.

4 - A system according to claims 1 and 2, characterized by an automatic device for starting and stopping
the motor-generator for charging the battery according to its charge level, cppablc of operating during stops,
running, or parking of the vehicle. .

5 - A system according 10 claims 1 and 2, characterized, in order to reduce the size, by generators and
motors including two different units on the same rotor and in the same casing.

6 ~ A system according to claims 1 and 2, characterized, in order to reduce weight, size, and loss of fuel economy,
by electric motors and very high-speed generators, and their connection to the vehicle’s engine by means of a
velocity multiplier. .
7 - A system according to claims 1 and 2 in which the ratios of the mechanical gearbox are commanded manually,
while those of the electrical system are commanded automatically.

8 - A system according to claims 1 and 2, by simplification through a partial use of the provisions of this claim, as

for example by the series-parallel assembly of the 2 propulsion motors only, which reduces the number of operating
systems used to 2.

— o ———
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Sole drawing

[see source for figures 1 and 2]
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Japanese Laid-Open Patent Application 3-124201
Laid-Open: May 27, 1991
Filing Date: October 6, 1989
Applicant: Toyota Motor Corporation
Specification
1. Title of the Invention
AUXILIARY BATTERY CHARGING DEVICE FOR ELECTRIC AUTOMOBILE
2. Scope of the Claim
An auxiliary battery charging device for an electric automobile, comprising:
a DC-DC converter which intakes a direct current voltage of a predetermined value from
a main battery driving a motor only when a keyswitch is turned on, converts it to a direct current
voltage of a different value, charges an auxiliary battery by a direct current voltage which has
been obtained by this conversion, and drives a load via the keyswitch;
a voltage detector which detects a voltage value of the auxiliary battery; and
a chmgiﬁg controller which, when the keyswitch is turned on, based on the voltage value

detected by the voltage detector, controls a charging operation of the auxiliary battery by the DC-

DC converter and is driven by the auxiliary battery; wherein there is included:

a charging instruction portion which operates the charging controller so as to,ina
predetermined period in which the voltage value of the auxiliary battery to be detected by the
voltage detector drops to a predetermined reference voltage value or less and the keyswitch is

turned off, charge the auxiliary battery by the DC-DC converter for a predetermined time only;

TERIRIS70
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wherein when the voltage value of the auxiliary battery is detected and this voltage value
has deteriorated to a predetermined reference voltage value or less, charging of the auxiliary
battery is performed for a predetermined time only.
3. Detailed Description of the Invention
[Industrial Use of the Invention]

This invention relates to an auxiliary battery charging device for an electric automobile
which converts a direct current voltage taken from a main battery to a direct current voltage of a
different value and charges an auxiliary battery.

[Prior Art]

In general, in order to drive a motor related to travel of an electric automobile, a main
battery which outputs a predetermined direct current voltage is mounted on the electric
automobile. Furthermore, in this electric automobile, in order to drive electric devices mounted
on the automobile, an auxiliary battery is mounted, which outputs a direct current voltage of a
value different from that of the main battery.

Additionally, in the electric automobile on which the main battery and the auxiliary
battery are mounted, in order to charge the auxiliary battery, an electric automobile auxiliary
battery charging device is mounted.

Fig. 3 shows a structural example of a conventional electric automobile auxiliary battery
charging device.

In this diagram, a motor control circuit 14 is connected to a main battery 10 via a main
contactor 12, and a motor 16 for driving the travel of an electric automobile is connected to the

motor control circuit 14. Additionally, a motor controller 18 such as an inverter circuit, a

TPR 097871
BMW1012

Page 942 of 1654



chopper circuit or the like that controls the motor control circuit 14 is connected to the motor
control circuit 14,

That is, when, based on control such as PWM control by the motor controller 18, a direct
current voltage of a predetermined value is supplied to the motor control circuit 14 via the main
contactor 12 from the main battery 10, the motor control circuit 14 converts the direct current
voltage supplied from the main battery 10 to a predetermined voltage and supplies it to the
motor 16. By so doing, the motor 16 is dn'véxi, and the electric automobile becomes mobile.

An auxiliary battery charging device 22 for an electric automobile related to a
conventional example is disposed between the main battery 10 and the auxiliary battery 20. The
auxiliary battery charging device 22 is constituted by a DC-DC converter 24, which converts a
direct current voltage output from the main battery 10 to a direct current voltage which can
charge the auxiliary battery 20, and a DC-DC converter control circuit 26, which detects an
output voltage of the auxiliary voltage 20 and controls the DC-DC converter 24 based on this
detection result.

The DC-DC converter 24 has the same structure as one disclosed in, for example,
Japanese Laid-Open Utility Model Application 48-111827, and is constituted by an inverter 28
which converts a direct current voltage output from the main battery 10 into an alternating
current voltaée, a transformer 30 which changes a voltage that is output from the inverter 28, and
arectifier 32 which rectifies a voltage output from the transformer 30 and outputs a voltage
which can charge the auxiliary battery 20.

That is, the direct current voltage output from the main battery 10 is supplied to the motor
control circuit 14 via the main contactor 12 as mentioned above, and is input to the inverter 28

which is built into the DC-DC converter 24, is sequentially supplied to the transformer 30 and
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the rectifier 32, and is converted to a direct current volitage of a different value which can charge
the auxiliary battery 20. The auxiliary battery 20 is then charged by a direct current voltage
output from the DC-DC converter 24.

Meanwhile, the auxiliary battery 20 is connected to a load mounted on the automobile,
directly or via a keyswitch 34, and is connected to the motor controller 18 via the keyswitch 34.

That is, as mentioned earlier, the direct current voltage output from the DC-DC
converter 24 charges the auxiliary battery 20, and is supplied to a load mounted on the
automobile and to the motor controller 18 directly or via the keyswitch. Here, the main
contactor 12 is constituted so as to be turned on and off with the keyswitch 34. When the
keyswitch 34 is turned on, the motor controller 18 is driven by direct current voltage output from
the DC-DC converter 24 or the auxiliary battery 20, and a predetermined direct current voltage is
supplied to the motor control circuit 14 from the main battery 10, so the motor 16 is driven.

Meanwhile, as mentioned above, the auxiliary battery charging device 22 of this
conventional example includes the DC-DC converter controller 26 in addition to the DC-DC
converter 24. The DC-DC converter controller 26 is constituted by a voltage detection
amplifier 36 and an electric current detection amplifier 38 which detect a voltage and an electric
current of the auxil‘iary battery 20, respectively, a feedback portion 40 which determines a pulse
duty based on the output of the voltage detection amplifier 36 and the electric current detection
amplifier 38, and a pulse circuit 42 which supplies a control pulse to the inverter 28 by a duty
determined by the feedback 42 [sic. "feedback portion 40"].

That is, the voltage of the auxiliary battery 20 is detected by the voltage detection

amplifier 36, is amplified, and is supplied to the feedback portion 40. In the same manner, the
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direct current of the auxiliary battery 20 is detected by the electric current detection amplifier 38
and is amplified.

. Next, in the feedback portion 40, based on the voltage and the electric current of the
auxiliary battery 20 detected by the voltage detection amplifier 36 and the electric current
detection amplifier 38, respectively, a pulse duty is determined. For example, based on the
detection result of the voltage detection amplifier 36, a duty is calculated and determined so as to
prevent excess voltage charging of the auxiliary battery 20. At the same time, based on the
detection result of the electric current detection amplifier 38, a duty is calculated and determined
so as to not exceed the maximum output electric current of the DC-DC converter 24.
Additionally, the smaller duty, i.e., the duty which satisfies both the voltage and the electric
current requirements for the charging of the auxiliary battery 20, is selected and output to the
pulse circuit 42 from among the two types of duties, i.e., the duties calculated and determined
based on the detection results of the voltage detection amplifier 36 and the electric current
detection amplifier 38, respectively.

In this pulse circuit 42, a pulse is generated based on the duty supplied from the feedback
portion 40, and the operation of the inverter 28 is PWM controlled by this pulse.

Therefore, in this conventional example, based on the voltage and the current of the

| auxiliary battery 20, the DC-DC converter 24 is controlled by the DC-DC converter

controller 26, the auxiliary battery 20 is charged, and a predetermined voltage is supplied to a
load mounted on the automobile.

In this conventional example, when an electric current amount to be consumed by the
load mounted on the automobile is more than the output capability of the DC-DC converter 24,

the auxiliary battery 20 is discharged, and electric current is supplied to a load mounted on the
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automobile by this discharging. At this time, when the keyswitch 34 is turned off, the auxiliary
battery 20 is held in a discharged state.

When this operation is repeated, and the auxiliary battery 20 is in a so-called excess
discharging state, the voltage of the auxiliary battery 20 can drop, e.g., to a voltage less than what
is needed for driving the motor controller 18. When this type of voltage drop occurs, even if [a
user] tries to turn on the keyswitch 34 and drive the motor 16, the driving of the motor
controller 18 is not performed by the auxiliary battery 20, so driving of the motor 16, and hence,
travel of the electric automobile, cannot be performed.

_ Japanese Laid-Open Patent Application 64-85502, for example, discloses a structure of a
"electric automobile control device" which detects a voltage of an auxiliary battery after a
keyswitch is turned on, and first activates a DC-DC converter, charges the auxiliary battery,
ensures a predetermined voltage or more, and then turns on power of a motor controller which
commands the driving of the automobile.

[Problems to be Resolved by the Invention]

In the device disclosed in the above-mentioned Japanese Laid-Open Patent Application
64-85502, the DC-DC converter is supplied with a voltage needed for an operation by an
auxiliary battery, so when a voltage for the auxiliary battery significantly drops for some reason
such as electﬁcity consumption while the automobile is stopped such that not even a voltage
needed for activation of the DC-DC converter or é voltage which can activate the motor
controller are ensured, there are times that the goal of automobile activation cannot be
accomplished.

An object of this invention is to provide an auxiliary battery charging device for an
electric automobile in which an auxiliary battery voltage constantly maintains a voltage needed

S —
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for activation of a DC-DC converter and a motor controller, and which prevents a state in which
motor driving is impossible to restart due to the auxiliary battery voltage deterioration.
[Means of Solving the Problem)

In order to accomplish the above-mentioned objective, the present invention includes a
charge command portion which operates a charging controller controlling the DC-DC converter
so that, in a predetermined period in which a voltage value of an auxiliary battery to be detected
by a voltage detector drops to a predetermined reference voltage value or less and a keyswitch is
turned off, charging of an auxiliary battery by a DC-DC converter is performed for a
predetermined time only, a voltage value of the auxiliary battery is detected, and when the
voltage drops to a predetermined reference voltage value or less, charging of the auxiliary battery
is performed for a predetermined time only.

[Operation]

In an auxiliary battery charging device for an electric automobile of this invention, a
voltage of an auxiliary battery is detected by a voltage detector. Furthermore, in a predetermined
period in which a voltage value of an auxiliary battery detected by a voltage detector drops to a
predetermined reference voltage value or less, and in which a keyswitch is turned off, a charge
command portion causes a charging controller to perform a predetermined operation for a
predetermined time only. This predetermined operation is an operation which controls the
DC-DC converter so as to charge the auxiliary battery. Therefore, it is possible to restart driving

of the motor when the keyswitch is turned on again.
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[Embodiments]

The following explains embodiments of this invention based on the drawings.
Furthermore, t.he‘ structure which is the same as in the conventional example shown in Fig. 3 uses
the same symbols, so the explanation thereof is omitted. -

Fig. 1 shows a structure of an auxiliary bam.zry charging device for an electric automobile
according to a first embodiment of this invention.

The auxiliary battery charging device for an electric automobile 44 of this embodiment is
constituted by a DC-DC converter 24, which is the same as in the conventional example shown
in Fig. 3, and a DC-DC converter controller 46, which includesthe characteristic structure of this
invention.

Additionally, the above-mentioned DC-DC converter controller 46 includes a
comparator 48, having a hysteresis characteristic, into which the output of a voltage detection
amplifier 36 and a predetermined reference voltage are input, and a transistor 50 which is turned
on and off by the output of an H/L2 value of the comparator 48. In addition, the collector of the
transistor 50 is connected to the feedback circuit 40, and a driving electric power is directly
supplied from the auxiliary battery 20 to the DC-DC converter controller 46.

The following explains the operation of this embodiment.

First, when the keyswitch 34 is tuned on, the driving of the motor 16 and a voltage
output to a load mounted on a vehicle and the auxiliary battery 20 by the DC-DC converter 20
[sic. 24] are performed in the same manner as in the conventional example shown in Fig. 3.

Additionally, when the keyswitch 34 is tumed off, and hence the motor 16 is not driven, a
voltage of the auxiliary battery 20 is detected by the voltage detection amplifier 36, and is input
to the comparator 48. In the comparator 48, a detection value of the voltage detection

SO TT——
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amplifier 36 is compared with a predetermined threshold value Vy, and if the detection value of
the voltage detection amplifier 36 is deemed to be lower than the threshold value Vy, the output
of the comparator 48 becomes, for example, an H value, and the transistor 50 is turned on. When
the transistor 50 is turned on, the feedback circuit 40 is driven, and charging of the auxiliary
battery 20 is performed by the DC-DC converter 24.

After that, the auxiliary battery 20 is charged, and the detection value of the voltage
detection amplifier 36 thus increases. At this time, in the comparator 48, a detection value of the
voltage detection amplifier 36 is compared with a predetermined threshold value Vy. This
threshold value Vy is larger than the threshold value V. That is, the comparator 48 has a
hysteresis characteristic. If the detection value of the voltage detection amplifier 36 is deemed to
be larger, the output of the comparator 48 becomes, for example, an L value, the transistor 50 is
turned off, and the operation of the feedback circuit 40 stops. Charging of the auxiliary
battery 20 by the DC-DC converter 24 is thus stopped.

In this embodiment, when the keyswitch 34 is tumed off and the electric automobile thus
stops, charging of the auxiliary battery 20 is performed. However, even during the stop of the
motor 16, a voltzige needs to be continuously supplied to the structure which includes the voltage
detection amplifier 36 that detects a voltage of the auxiliary battery 20. Fig. 2 shows a structure
of an auxiliary battery charging device for an electric automobile according to a second
embodiment of this invention, which represents an improvement with respect to this type of
problem.

In this embodiment, a relay 54 connected to the auxiliary battery 20 via the keyswitch 52

1s connected to the transistor 50, which is the same as in the embodiment of Fig. 1, and one end
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of this relay 54 is connected to the auxiliary battery 20 so as to bypass the keyswitch 52 and a
keyswitch 56 that operates in conjunction with the keyswitch 52.

First, when the keyswitch 52 and the keyswitch 56 that operates in conJ:unction with the
keyswitch 52 are turned on, and the main contactor 12 that operates in conjunction with the
keyswitch 52 is turned on, a predetermined direct current voltage is supplied to the motor control
Grcuit 14 from the main battery 10 and the motor 16 is driven based on the control of the motor
controller 18.

Meanwhile, when the keyswitch 52 is tuned off, the voltage of the auxiliary battery 20 is
detected by the voltage detection amplifier 36 in advance, and when the voltage drops the
transistor 50 is turned on, in the same manner as in the embodiment shown in Fig. 1. At this
time, the collector of the transistor 50 is connected to a driving coil of the relay 54, and one end
of the relay 54 is connected to the auxiliary battery 20; therefore, an electric current flows to the
driving coil of the relay 54, and the relay 54 is turned on.

Furthermore, along with this operation, even if the keyswitch 52 is turned off, the voltage
of the auxiliary battery 20 continues to be supplied to the DC-DC converter controller 46 via the
relay 54, so the DC-DC converter 24 is controlled by the DC-DC converter controller 46, and the
auxiliary battery 20 is charged.

Furthermore, the comparator 48 has a hysteresis characteristic, so when a detection
voltage value of the voltage detection amplifier 36 reaches a predetermined threshold value Vy or
higher, the transistor S0 is turned off. The relay 54 is turned off; thus, a voltage supply to the
DC-DC converter 46 from the auxiliary battery 20 stops, and charging of the auxiliary battery 20

by the DC-DC converter 24 stops.
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According to this embodiment, compared to the embodiment shown in Fig. 1, the time in
which at least pa;'t of the DC-DC converter controller 46 is driven is limited. That is, this time is
limited to a predetermined time after the keyswitch 52 is turned off, i.e., the time which is
determined by a hysteresis characteristic of the comparator 48, so wasteful electricity
consumption can be controlled.”

[Effects of the Invention]

As explained above, according to the auxiliary battery charging device of an electric
automobile of this invention, it is possible to prevent significant voltage deterioration of the
auxiliary battery in advance, and charging of the auxiliary battery is effectively performed in a
timely manner; thus, a state in which it is impossible re-drive a motor due to excessive
discharging of the auxiliary battery can be avoided, and an electric automobile auxiliary battery
charging device with good circuit efficiency can be obtained.

4, Brief Description of the Drawings

Fig. 1 is a structural diagram showing the structure of an auxiliary battery charging device

for an electric automobile according to a first embodiment of this invention.

Fig. 2 is a structural diagram showing the structure of an auxiliary battery charging device

for an electric automobile according to a second embodiment of this invention.
Fig. 3 is a structural diagram showing a structural example of a conventional auxiliary

battery charging device for an electric automobile.

10 Main battery
16 Motor

20  Auxiliary battery
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24 DC-DC converter

34,52, 56 Keyswitches

36 Voltage detection amplifier
40 Feedback c;rcuit

42 Pulse circuit

46 DC-DC converter controller

" 48  Comparator

50 Transistor
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(57) Scope of Claims
1. An accessory battery charger for an electric vehicle having an accessory battery and a

DC-DC converter connected to an accessory system of the vehicle and being parallel with each
other, and a main battery connected to an end of the DC-DC converter opposite from the end to

which the accessory battery is connected, comprising:

a charge detection means that detects that the main battery is being charged; and

a voltage reduction means which, when the charge detection means detects that charging
is underway, reduces the voltage value of the DC-DC converter output connected to the vehicle
accessory system and accessory battery.
Detailed Description of the Invention
[Industrial Field of the Invention]
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This invention relates to an accessory battery charger for an electric vehicle driven by
electric power, which charges electricity from a main battery that supplies electricity to a motor
that is the source of motive force, to an accessory battery that supplies electricity to an accessory
system, such as wipers, head lamps, and control devices, of the electric vehicle.

[Conventional Art)

Conventionally, like automobiles equipped with an internal combustion engine, electric
vehicles have an accessory battery that becomes a power source for wipers, head lamps, various
control devices, and the like, and is structured such that the accessory battery is charged through
a DC-DC converter from the high voltage, direct current power supply of the main battery,
which is the power supply for the motor which constitutes the drive source. As a result, the
accessory battery can always supply power to the accessory systems of the vehicle while
receiving a supply of power in the same way as a conventional accessory battery in a vehicle
equipped with an internal combustion engine is charged via an alternator.

[Problem Solved by the Invention]

However, the accessory battery charger of an electric vehicle having the above-described
DC-DC converter was still not sufficient with respect to the following points.

That is, to supply power for a low voltage accessory battery, the high voltage main
battery transmits the power to the accessory battery by having the DC-DC converter convert the
voltage to one slightly higher than the terminal voltage of the accessory battery. As a result, the
accessory battery can be always charged, and when the accessory battery supplies power to the
load at the same time, charging and discharging the accessory battery in this condition can be

balanced, to achieve the desired operation.
However, when the load of the accessory battery is light, such as when the vehicle is at a

stop, there is a possibility of overcharging because the charging voltage on the accessory battery
is higher than its terminal voltage: The accessory battery would not be overcharged if the
accessory battery light-load state is short in duration, such as when the vehicle is temporarily at a
stop. However, charging the main battery normally requires more than a few hours, and if this
state is continued, energy losses occur due to the overcharging of the accessory battery, or fluids
are lost due to the generation of gases, leading to the deterioration of accessory battery
performance.

[Problem Resolution Means]

——
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The present invention was undertaken in order to resolve the above-described problems;
its object is to provide a superior electric vehicle accessory battery charging device which
achieves effective energy use without overcharging of the accessory battery even during
charging of the main battery, and with which no degradation of the accessory battery occurs.

To achieve the object, the essence of the present invention, as shown in the basic
structural diagram of Fig. 1, is an accessory battery charger for an electric vehicle having an
accessory battery II and a DC-DC converter I1I connected to an accessory system of the vehicle
in parallel with each other, and a main battery IV connected to an end of the DC-DC converter
111 opposite from the end to which the accessory battery is connected, comprising:

a charge detection means V that detects that the main battery IV is being charged; and

a voltage reduction means IV [sic, Fig. 1 says "VI"] that reduces the value of the voltage
output on the DC-DC connector III to which the accessory system I and the accessory battery II
are connected when the charge detection means V detects that [the main battery IV] is being
charged.

[Operation}

The charge detection means of this invention detects that the main battery is being
charged. Therefore it may be any structure, such as one that detects charging when a connection
terminal from an extemal power source is connected to an outlet for charging the battery of the
vehicle through the opening or closing of a mechanical switch, or by electrically detecting the
direction of incoming or outgoing electric current at the main battery.

Moreover, the voltage reduction means reduces the output voltage of the DC-DC
converter, which is the power conversion means for the main battery, that is applied to both
terminals of the accessory battery, to a voltage near the open terminal voltage of the accessory
battery. This voltage reduction is performed based on a detection result by the above-described
charge detection means that the main battery is being charged. An optimal method in accordance
with the electric circuit used as the DC-DC converter may be used as the method for decreasing
the voltage. This can be easily achieved by a method such as by shortening the pulse width of a
period during which electricity is transmitted, if a pulse width modulation (hereinafter called
PWM) inverter-type converter is used, for example.

Below the we describe the invention by explaining a detailed embodiment.
[Embodiment]
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Fig. 2 is a circuit block diagram showing one embodiment of an electric vehicle equipped
with an accessory battery charger for an electric vehicle according to this invention.

In the figure, 10 indicates the accessory battery charger, and 20 indicates a main battery
charger.

Below we discuss the present invention in detail, citing embodiments for a more concrete
explanation.

The hub 10, as shown in the figure, comprises a main battery 11 and a DC-DC converter
14 which changes the voltage and rectifies power from that main battery 11 and supplies it to the
accessory battery 12 and the accessory system load 13. 15 is a charging outlet which electrically
connects the charging device 20 and the main battery 11 when the charging device 20 charging
plug 21 (described below) is inserted therein, at the same time switching a two contact switch 16.

"The switch 16 closes contact "b" and simultaneously opens contact "a" when the charging plug
21 is inserted into the charging outlet 15, and conversely closes contact "a" and opens contact "b"
when the charging plug 21 is removed. 17 shows a diode, 18 an operational amplifier ("op ampp”
below); [these] feed back the output of the above-described DC-DC converter 14 according to
their combination with the switch 16, controlling the output voltage VO thereof. The DC-DC
converter 14 PWM control portion 14A compares the output voltage VP from the op ampp 18
with a base voltage VB contained therein, and controls the DC-DC converter 14 output voltage
VO by means of controlling the DC-DC converter main circuit 14B.

The charging device 20 comprises a charger 23 which converts and rectifies power from
a commercial power supply 22 to a voltage appropriate for charging the main battery and outputs
it to the charging plug 21.

The accessory battery charging device 10 comprised as described above operates in the
following manner.

First we shall discuss the normal operating state, in which the charging device 20 and the
accessory battery charging device 10 are isolated. At this point, contact "a" on the switch 16 is
closed, and a voltage which is smaller than the output voltage VO from the actual DC-DC
converter 14 by just the voltage drop VD in the forward direction on the diode 17 is input to the
non-inverting input terminal of the op amp 18, and the op amp 18 output VP falls by just the
voltage VD. That is, because of the reduction in the output voltage VP on the op amp 18, which
is compared with the PWM control section 14A base voltage VB, the PWM control section 14A
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causes the DC-DC converter main circuit 14B to operate in such a way that the output voltage
VO thereof rises, and the internal base voltage VB now matches the value (VO-VD), which is
the diode 17 voltage decline VD subtracted from the DC-DC converter 14 output voltage VO.
The output voltage VO (= VB + VD) from the DC-DC converter 14 at this point is higher than
the accessory battery 12 open terminal voltage, and is of enough potential to adequately supply
power to the normal state accessory system load 13°as well as charge the accessory battery 12.

At the same time, when the charging device 20 and the accessory battery charging device
10 are connected by the charging plug 21 and the charging outlet 15, which is to say when the
accessory system load 13 is light during vehicle stoppage, the switch 16 "a" contact is open and
the "b" contact is closed, so that the accessory battery charging device 10 operates as follows.

The op amp 18 non-inverting terminal, to which the DC-DC converter 14 output voltage
VO, which had fallen by a voltage VD, was applied via contact "a," now changes, such that the
DC-DC converter 14 output voltage VO is output thereto without passing through the diode 17.
Therefore the op amp 18 output similarly rises in voltage by VD. As a result, the PWM control
section 14A operates as if the output voltage of the DC-DC converter 14 had risen by a voltage
VD above its internal base voltage VB, causing the DC-DC converter 14 output voltage VO to
fall by the voltage VD, so that the base voltage VB and the output voltage VO are equal -
controlling the DC-DC converter 14, in other words, so that VB = VO.

The base voltage VB of the PWM controller is set in advance such that the output voltage
VO (=VB) of the DC-DC converter 14 at this time is set to a voltage at a level wherein electricity
is supplied to the accessory system load 13 that is lighter than that during the charging of the
. main battery 11, while it is slightly higher than the terminal voltage of the accessory battery 12
but does not cause the accessory battery 12 to be overcharged.

As in the past, at normal times when the accessory system load 13 is heavy, the
accessory battery charging device 10 changes the power from the main battery 11 to a voltage
which is higher than that of the accessory battery 12 open terminal voltage so as to sufficiently
supply the accessory system load 13 and the accessory battery 12. By so doing, the accessory
battery 12 is charged regardless of whether the accessory system load 13 is consuming a large
amount of power.

On the other hand, when the vehicle is at a stop, that is, when the accessory system load
13 becomes light and almost all of the electricity from the main battery 11 is supplied to the
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accessory battery 12, the output voltage VO of the DC-DC converter automatically decreases by
the forward voltage decrease VD of the diode due to the switching by the switch 16. Since the
voltage VO is decreased to a state slightly higher than the open terminal voltage of the accessory
battery 12, the electricity of the main battery 11 can be effectively utilized, and loss of fluid or
deterioration of the accessory battery 12 can be prevented without overcharging the accessory
battery 12.

As shown in the Fig. 2 circuit block diagram, the accessory battery charging device 10 of
the present embodiment is an economically and operationally superior device which can be
implemented by the addition of a simple comparator circuit consisting primarily of a switch 16
on a conventional DC-DC converter 14 feedback system, a diode 17, and an op amp 18.
[Efficacy of the Invention] ‘

As described above with reference to the embodiment; the main point of this invention is
that the accessory battery charger for an electric vehicle having an accessory battery and a DC-
DC converter connected to an accessory system of the vehicle and being parallel with each other,
and a main battery connected to an end of the DC-DC converter opposite from the end to which
tl;e accessory battery is connected, is comprised of:

a charge detection means that detects that the main battery is being charged; and

a voltage reduction means that reduces a voltage value of an output of the DC-DC
connector to which the accessory system and the accessbry battery are connected, when the
charge detection means detects that [the main battery] is being charged.

Accordingly, because the electricity from the main battery is changed to a voltage higher
than the accessory battery by the DC-DC converter and transmitted to the load and the accessory
battery under a condition with a normal load, such as when the vehicle is being driven, the
accessory battery can be sufficiently charged, and can handle high loads. In addition, when the
charge detection means detects that the vehicle is being charged and that the load is light, the
voltage of electricity supplied from the main battery is automatically decreased by the voltage
reduction means to a voltage slightly higher than the accessory battery. As a result, the accessory
battery charger for an electric vehicle [according to this invention] is excellent in that the
accessory battery is not overcharged although almost all of electricity from the main battery is
supplied thereto, and in that not only the electricity from the main battery can be effectively

o -
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utilized, but also the deterioration of the accessory battery performance, such as fluid loss, due to

overcharging the accessory battery can be entirely avoided.
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Brief Description of Drawings

Fig. 1 is a basic structural diagram of this invention, and Fig. 2 is a circuit block diagram
of one embodiment.

1...Accessory system; II...Accessory battery, III...DC-DC convert, IV...Main battery,
V...Charge detection means, VI...Voltage reduction means, 10...Accessory battery charger,
11...Main battery, 12... Accessory battery, 13...Accessory system load, 14...DC-DC converter,
16...Switch, 17...Diode, 18...0P amp, and 20.,.Charger.
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Japanese Laid-Open Utility Model Application 51-103220
Laid-Open: August 18, 1976

Filing Date: February 18, 1975

Applicant: Toyota Motor Corporation

SPECIFICATION

1. Title of the Invention

CONTROL DEVICE OF ELECTRIC HYBRID VEHICLE
2. Scope of the Claim

An electric hybrid vehicle in which an output shaft of an internal combustion engine is
coupled to a rotation shaft of an electric motor which is operated by electric power of a battery
via a clutch, the internal combustion engine output shaft is coupled to an electric generator,
electricity generated by the generator is stored in the battery, and a solenoid valve which
performs a switching operation in response to an electric signal is inserted in a hydraulic péth
which conducts hydraulic pressure to the clutch, wherein:

detectors which detect the respective rotation speeds of the internal combustion engine
output shaft and the electric motor rotation shaft are respectively provided on the internal
combustion engine output shaft and the electric motor rotation shaft, the detectors are coupled to
a comparator which compares the respective rotation speeds and generates an electric signal
when the rotation speed of the electric motor rotation shaft is equal to or larger than that of the
internal combustion engine output shaft, an output side of the comparator is connected to a coil
of the solenoid valve so as to open the hydraulic path by performing a switching operation in

response to the electric signal, the output side of the comparator and a hydraulic pressure switch
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which generates an electric signal when a hydraulic pressure in the hydraulic path and supplied to
the clutch reaches a clutch engagement hydraulic pressure are connected to a field circuit of the
electric generator via a logic circuit so as to cut the field circuit when electric signals are
generated from both the comparator and the hydraulic pressure switch.

3. Detailed Description of the Invention

This invention relates to an electric hybrid vehicle for driving a vehicle by an internal
combustion engine and a direct currént ¢lectric motor, and parﬁcularly to timing control when a
field current of an electric generator is cut at the time of switching [between] travel modes.

Electric hybrid vehicles have been proposed in recent years in order to address the
societal problems of diminishing fuel resources and air pollution, have an internal combustion
engine and an electric motor for driving, and a generator for charging a battery, and have the
following three modes. The first mode is a mode in which the vehicle is driven only by the
electric motor, and the internal combustion engine is used for generating electricity via the
generator. The second mode is a mode in which the vehicle is driven only by the internal
combustion engine, and generation of electricity by the generator and driving by the electric
motor are stopped. The third mode is a mode in which, at times of high load such as at high-
speed travel of the vehicle, the vehicle is driven by both the internal combustion engine and the
electric motor, and generation of electricity is also performed by the electric generator.

In these t;avel modes, when switching from the first mode to the second mode, when the
output shaft rotation speed of the internal combustion engine and the output shaft rotation speed
of the electric motor match, the field current of the generator and the drive current of the electric
motor are cut, fhe clutch is engaged, and the motive force of the internal combustion engine is

transmitted to the vehicle drive shaft. Therefore, in this case, when the clutch is released, the

“
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piston chamber is in an empty state, and at the time of engagement it takes some time before an
integrated coupling state is accomplished by the supply of hydraulic pressure and pressure-
engagement of the clutch plate. . Thus, if the field current of the electric generator is cut off early
without considering this operational delay of the clutch, there are problems such as that the
internal combustion engine will temporarily be in a non-load state and will rev up, generating
noise, reducing component part durability, etc. Furthermore, if the timing of cutting the field
current of the electric motor is delayed, the internal combustion engine will temporarily be in an
excess load state, and the same type of problem will occur.

This invention is to solve this type of problem, and seeks to provide an electric hybrid
vehicle control device which cuts the field current of an electric generator when an internal
combustion engine rotation speed and an output shaft rotation speed of an electric motor match
and the hydraulic pressure of the clutch has reached the high value at which engagement is
achieved.

The following explains an embodiment of this invention with reference to the figures.
According to Fig. 1, with respect to a drive system of an electric hybrid vehicle, an output shaft 2
of an internal combustion engine 1 is coupled to a rotation shaft 5 of a direct current electric
motor 4 via a wet type multi-plate clutch 3. The output shaft 2 is coupled to a ro-tation shaft 8 of
an electric generator 7 via a step-up gear 6. A brush side of the electric generator 7 is electrically
connected to the armature, field coil, etc. of the electric motor 4 via a battery 9, and detectors 10,
11, which electrically detect the respective rotation speeds, are respectively disposed on ihe
output shaft 2 and the rotation shaft 5. Furthermore, a solenoid valve 13 is connected to a
hydraulic path 12 from a piston chamber of the clutch 3, and a pressure valve 17 which adjusts

the hydraulic pressure [of hydraulic fluid] pumped by a pump 16 from a hydraulic fluid reservoir
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15 is connected to a hydraulic path 14 from the valve 13. A hydraulic pressure switch 18 is
provided which generates an electric signal when the clutch hydraulic pressure in the hydraulic
path 12 reaches a predetermined value.

The following explains a control device with reference to Fig. 2. The rotation speed
detectors 10, 11 are connected to a comparator 19, and an electric signal is output when the
rotation speed of the electric generator rotation shaft 5 is equal to or larger than that of the
internal combustion méne output shaft 2 according to the rotation speed comparison. The
output side of this comparator 19 is connected to one input side of an AND gate 20, a motor
controller 21 which releases an electric current control of the electric motor 3 according to load
when an electric signal is input, an engine controller 22 which controls the output of the internal
combustion engine 1 according to load when an electric signal is input, and one input side of an
OR gate 23. The hydraulic pressure switch 18 is connected to the other input side of the AND
gate 20. A detector 24 which outputs an electric signal when the output shaft rotation speed of
the internal combustion engine 1 is a starting rotation speed minimum value or less is connected
to the other input side of the OR gate 23. The output side of the AND gate 20 is connected to a

base of a switching transistor 26 via an inverter 25 which inverts a signal. The emitter and

collector of this transistor 26 are connected so that a closed circuit is formed via a field coil 27 of
the electric generator 7, a battery 28, and a switch 29 which turns on together with the ignition
switch. Additionally, the output side of the OR gate 23 is connected to the base of a switching
transistor 30 in the same manner. The emitter and the collector of this transistor 30 are
connected so that a closed circuit is formed via a coil 31 of the solenoid valve 13, a battery 32,

and a switch 33 which turns on together with the ignition switch.
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Thus, when the intemal combustion engine 1 is started, the transistor 30 is made
conductive by a signal from the detector 24, and the coil 31 is energized. Therefore, the solenoid
valve 31 [sic. 13] connects the hydraulic paths 12 and 14, hydraulic pressure is supplied to the
clutch 3, and the clutch 3 is engaged. Then, when the electric motor 4 is rotated by the electric
power stored in the battery 9 as with a normal gasoline vehicle starter, the internal combustion
engine 1 also begins to operate. When the intemal combustion engine 1 is operates completely
on its own and reaches a predetermined rotation speed, an electric signal is no longer output from
the detector 24. Because of this, the transistor 30 becomes non-conductive, the coil 31 is de-
energized, the solenoid valve 31 returns to the oniginal cut-off state, the clutch 3 is placed in a
released state due to evacuation of hydraulic fluid, and the internal combustion engine output
shaft 2 and the electric motor rotation shaft 5 are disconnected. Therefore, the vehicle is driven
by only the rotation shift 5 of the electric motor 4 controlled by the motor controller 21.
Meanwhile, in this case, an electric signal is not output from the hydraulic pressure switch 18, so
the transistor 26 is made conductive by a signal from the inverter 25, electric current flows
through the field coil 27, and the electric generator 7 is in a state in which electricity can be
generated. An armature is rotated by the output shaft 2 of the internal combustion engine 1 along
with the rotation shaft 8 via the step-up gear 6, so the first mode is attained, in which electricity is
generated by the electric generator 7.

Next, switching the mode from the first mode to the second mode is explained with
reference to Fig. 3. First, if the rotation speed of the armature rotation shaft 5, which increases
according to load as shown in curve ns of Fig. 3(a), and the rotation speed of the internal
combustion engine output shaft 2, which is rotated at a constant speed as shown in curve ny,

match in a time tp, an electric signal is output from the comparator 19. Because of this, the

> TPR 097904
BMW1012
Page 989 of 1654



operation of the electric motor 4 is now released by the motor controller 21, and the output of the
internal combustion engine 1 is becomes controlled by the engine controller 22 in accordance
with load. Additionally, the transistor 30 is again made conductive by the output signal of the
OR gate 23, and hydraulic pressure is supplied to the clutch 3 in the same manner as described
before. Therefore, as at the time immediately after time to, if clutch hydraulic pressure is low
and a signal is not output from the hydraulic pressure switch 18, a signal is also not output from
the AND gate 20, 50 the transistor 26 keeps a conductive state, and the electric generator 7
generates electricity by means of the internal combustion engine 1. Additionally, as shown in
Fig. 3(c), if the clutch hydraulic pressure reaches a predetermined engagement hydraulic pressure
Pco in a time t; and the clutch plate is substantially engaged, the internal combustion engine
output shaft 2 is integrally coupled to the electric motor rotation shaft 5, and the vehicle is driven
by only the internal combustion engine 1. In addition, at this time, an electﬁc signal is output
from the hydraulic pressure switch 18 and a signal is output from the AND gate 20, so the
transistor 26 will be in a non-conductive state because of the inverter 25, and the field coil 27
ceases to conduct a field current, as shown in Fig. 3(b). Therefore, the electric generator 7 does
not generate electricity even though the rotation shaft 8 is rotated, and the second mode is
entered.

Thus, according to the control device of this invention, at the time of switching from the
first mode to the second mode, it is confirmed by the hydraulic switch 18 that the clutch 3 is
completely engaged, and the field current of the electric generator 7 is cut. Additionally, this
cutting operation is electrically performed promptly, so it is possible to completely eliminate
various problems due to the above-described timing failures.

4. Brief Description of the Drawings
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Fig. 1 is a structural view showing an embodiment of an electric hybrid vehicle to which
this invention is applied.

Fig. 2 is a circuit diagram showing a control device of this invention.

Figs. 3(a)-(c) are line diagrams showing operation characteristics at the time of switching

from a first mode to a second mode according to this invention.

1. Internal combustion engine
2. Output shaft

3. Clutch

4, Electric motor

5. Rotation shaft

6. Step-up gear

7. Electric generator

9. Battery

10, 11 Detectors

12.  Hydraulic path

13. Solenoid valve

18.  Hydraulic pressure switch
19.  Comparator

20.  AND gate

25.  Inverter

27.  Field coil

31.  Coil
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