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1100 

DEcision de 
demarrage ou d' arrel 
du moleur thermique 

1200 
D6termination du couple 

du moleur electrique Ce_ref 
el 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 

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 detennination 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 (I JOO) during which the decision to stop or to start the heat engine 
is taken, and the first and second tasks an: executed in parallel, the execution frequency of the second task being less frequently operated 
than the first. 



BMW1012 
Page 717 of 1654

(S7) Abreg~ 

L'invention propose un vehicule automobile ii motorisation hybride comportant un moteur electrique et un moteur thermique, du type 
dans lequel une unite cenlrale de gestion execute une premiere tache (1200) comportant la determination du couple que doit foumir chaque 
moteur pour foumir un couple moteur conforme A un couple demande par le conducteur, et du type dans lequel le moteur thermique est 
susceptible d'etre arrete, caracterise en ce que, au moins pour certains modes de fonctionnement. !'unite centrale execute une deuxieme 
tAche (1100) au cours de laquelle est decide l'arret ou le demarrage du moteur thermique, et en ce que la premiere et la deuxieme tll.che 
sont executl!es en parallele, la frequence d'execution de la deuxieme tll.che etant inferieure A celle de la premiere tache. 
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Vehicule automobile a motorisation hybride 

L'invention concerne un vehicule automobile a 
motorisation hybride comportant des moyens perfectionnes de 

gestion de l'energie. 

s L'invention concerne plus particulierement un vehicule 

automobile a motorisation hybride, du type dans lequel un 

ensemble motopropulseur comporte un moteur electrique et un 

moteur thermique qui sont susceptibles de contribuer a 
l'entra1nement du vehicule, et du type dans lequel une unite 

10 centrale de gestion execute une premiere tache comportant la 

determination du couple que doit fournir chaque moteur pour 

que !'ensemble motopropulseur fournisse au vehicule un 

couple moteur conforme a un couple demande par le 

conducteur du vehicule, et du type dans lequel le moteur 

15 thermique est susceptible d'etre arrete, le vehicule etant alors 

entra1ne par le seul moteur electrique aliments en courant 

electrique par une batterie d'accumulateurs. 

Dans la recherche de vehicules moins polluants que les 

vehicules automobiles ne comportant qu'un unique moteur 

20 thermique, les vehicules a motorisation hybride se presentent 

comme une alternative particulierement interessante aux 

vehicules strictement electrique. 

En effet, ces derniers presentent l'avantage de 

n'emettre par eux-memes aucune substance toxique tout en 

25 etant a la fois particulierement silencieux et economiques a 
l'usage. Cependant, les vehicules electriques ne tirent leur 

energie que des seules batteries d'accumulateurs qu'ils 

embarquent avec eux. Or, etant donnees les faibles 

performances des batteries d'accumulateurs actuellement 

30 connues, du mains celles suscept.ibles d'etre utilisees a un 

cout raisonnable dans un vehicule automobile, les vehicules 

electriques ne peuvent emmagasiner qu'une quantite d'energie 

relativement fa.ible, en depit d'une masse consequente, ce qui 

FEUILLE DE REMPLACEMENT (REGLE 26) 



BMW1012 
Page 719 of 1654

W099/24280 2 PCT /FR98/02403 

leur . confere 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 l'entrairiement 

5 du vehicule permet de realiser des vehicules presentant des 

performances et une autonomie bien plus elevee, satisfaisante 

pour un usage normal du vehicule. 

II existe deux types Jrincipaux de vehicules hybrides. 

Dans les vehiculesl hybrides serie, seul le moteur 

10 electrique est susceptible d'entrainer directement les roues 

motrices du vehicule, eventuellement au travers d'une boHe de 

vitesses, d'un differentiel et/ou d'un embrayage. Le moteur 

electrique tire son energ1e d'une· batterie d'accumulateurs 

rechargee d'une generatrick electrique qui est entrainee par le 

1s moteur thermique. 

~o 

25 

30 

Dans un tel type de vehicule hybride, le moteur 

electrique est done toufours en fonctionnement et le moteur 

thermique peut soit etre arirete, le vehicule fonctionnant alors 

en mode electrique pur, sbit etre mis en marche de maniere 

que la generatrice produisb de l'electricite en vue d'alimenter 
I 

le moteur electrique et/ou de recharger les batteries. 

Dans un vehicule hy/bride paralliale, le moteur thermique 

et le moteur electrique sonlt tous le~ deux relies, generalement 

par un systeme de boite di vitesses a deux entrees, aux roues 

motrices du vehicule. 1~neralement, un embrayage est 

interpose entre chaque rnoteur et les roues matrices pour 

permettre le desacc~uple~ent du moteur lorsque celui~ci n'est 

pas utilise pour l'entrainef ent. Les. vE!hicules automobiles de 

type hybride parallele peuvent done etre entraines soit a l'aide 

d I 'I t . I ·t . I' .d d I t u seu moteur e ec nque, soi a a1 e u seu mo eur 

thermique, ou encore a l'aide des deux moteurs 

simultanement. Par ailleuris, dans certaines configurations, ii 
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est possible d'utiliser le moteur electrique pour assurer le 

demarrage du moteur thermique et le moteur electrique peut 

aussi etre « inverse» de telte sorte que, le moteur thermique 

entrainant en rntation le moteur electrique, eventuellement en 

s meme temps qu'il entraine en rotation les roues matrices du 

vehicule, assure le rechargement des batteries. 

ti est a noter qu'il existe une variante de realisation des 

vehicules hybrides en parallele dans lesquels chacun de·s deux 

moteurs thermique et electrique est accouple non pas a un 

10 meme essieu, mais a des essieux differents. 

Quel que soit le. type de vehicule hybride envisage, ii 

est done necessaire de gerer le plus efficacement possible la 
I 

commands de chacun des moteurs thermique et electrique 

pour assurer l'entrainement du vehicule selon les desiderata 

15 du conducteur qui determine a chaque instant le couple moteur 

necessaire a l'avancement du vehicule pour assurer 

!'acceleration ou la deceleration du vehicule, ou le maintien du 

vehicule a une vitesse stabilisee. 

Notamment, le choix de !'utilisation ou non du moteur 

::io thermique est particulierement crucial car ii permet de 

determiner l'autonomie du vehicule, ses performances, tout 

cela dans la mesure ou la mise en route du moteur thermique 

est effectivement possible, ce qui peut par exemple etre 

interdit dans certaines zones au trafic particulierement dense 

25 ou a certaines periodes pour limiter la pollution. 

Par ailleurs, ii est necessaire que les transferts de 

repartition de la puissance fournie .. par chacuh des moteurs se 

fassent de maniere « transparente » pour le con~ucteur, 

c'est-a-dire en ne produisant qu'un minimum de perturbations 

30 et d'a-coups. 

Aussi, !'invention propose un vehicute automobile du 

type decrit precedemment, caracterise en ce que, au mains 
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pour certains modes de fonctionnement de !'ensemble 

motopropulseur, l'unite centrale execute une deuxieme tache 

au cours de laquelle est decide l'arret ou le demarrage du 

moteur thermiq~e. en ce que la premiere tache et la deuxieme 

s tache sont executees en parallele, et en ce que la frequence 

d'execution de la deuxieme tache est inferieure a celle de la 

premiere tache. 

Selan d'autres caracteristiques de !'invention : 

le conducteur peut imposer a !'ensemble 

10 motopropulseur un mode de fonctionnement electrique dans 

lequel le moteur thermique est arrete ; 

le conducteur peut imposer a !'ensemble 

motopropulseur un mode de fonctionnement de regeneration 

dans lequel le moteur thermique est utilise notamment pour 

15 assurer le rechargement de la batterie ; 

le cond ucteur peut imposer a !'ensemble 

motopropulseur un mode de fonctionnement hybride dans 

lequel !'unite centrale execute la deuxieme tache au cours de 

laquelle est decide l'arret ou le demarrage du moteur 

20 thermique ; 

- la decision d'arret ou de demarrage du moteur 

thermique est prise notamment en fonction d'un niveau de 

charge de la batterie ; 

- le · demarrage du moteur thermique est decide ou 

25 confirme lorsque le niveaµ de charge de la batterie est 

inferieur a un niveau. de seuil bas, et en ce que l'arret du 

moteur thermique est susceptible d'etre decide ou d'etre 

confirme lorsque le niveau de charge de la batterie est 

superieur a un niveau de seuil haut ; 

30 - la decision d'arret ou de demarrage du moteur 

thermique est prise notamment. en fonction du couple 

instantanee demande par le conducteur ; 
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- la decision d'arret ou de demarrage du moteur 

thermique est prise notamment en fonction du couple moyen 

demande par le conducteur pendant un intervalle de temps 

predetermine prec~ant de la decision ; 

- le · demarrage du moteur the~miq ue est decide . ou 

confirme lorsque le couple instantane demande par le 

conducteur est superieur a un niveau de seuil haut, et en ce 

que l'arret du moteur thermique est susceptible d'etre decide 

ou d'etre confirme lorsque le couple instantane et le couple 

10 moyen demandes par le conducteur sont inferieurs a un niveau 

de seuil bas.; 

- l'arret du moteur thermique est decide ou confirme 

lorsque, a la fois, le niveau de charge de la batterie est 

superieur a un niveau de seuil haut et _le couple instantane et 

15 le couple moyen demandes par le conducteur sont inferieurs a 
un niveau de seuil bas ; 

- la decision d'arret ou de demarrage du moteur 

thermiq ue est prise notamment en fonction d'un ecart entre le 

couple demande par le conducteur et le couple effectivement 

20 fourni par !'ensemble motopropulseur ; 

- en fonctionnement du · mode de fonctionnement 

selectionne par le conducteur, ii est fixe un niveau de consigne 

de charge de la batterie ; 

- !'ensemble motopropulseur est un ensemble hybride 

25 .en serie ctans lequel les ._roues matrices du vehicule sont 

entrainees exclusivement par le moteur electrique qui est 

alimentee par du courant electrique provenant soit de la 

l;>atterie soit d'une generatrice entrainee par le moteur 

thermique ; 

30 ii est determine la puissance electrique a fournir a la 

.batterie en fonction d'un ecart entre les niveaux reel et de 

reference de la batterie, en tenant compte de valeurs limites 
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de puissance de charge et de decharge de la batterie ; 

- le demarrage du moteur thermique est determine en 

fonction de la puissance electrique a fournir a la batterie, de la 

puissance elec~fique absorbee par le moteur electrique et en 

5 fonction d'un ecart entre la valeur du couple demande par le 

conducteur et la valeur du couple fourni par le moteur 

electrique ; 

- ii est determine un niveau de· consigne de la puissance 

fournie par la generatrice en fonction de la puissance · reelle 

10 fournie par la generatrice, de la puissance reelle fournie par la 

batterie, et de la puissance a fournir a la batterie, en tenant 

compte la puissance maximale susceptible d'etre fournie par la 

generatrice ; 

- ii est determine une puissance electrique necessaire 

15 en fonction du couple moteur demande par le conducteur, en 

tenant compte, au mains lorsque ce couple est superieur en 

valeur absolue a une valeur minimale, d'un rendement du 

moteur electrique ; 

- ii est determine une valeur de consigne du couple 

20 fourni par le moteur electrique en fonction du couple moteur 

demande par le conducteur multiplie par, au moins lorsque la 

puissance electrique necessaire est superieure en valeur 

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

electrique susceptible d'etre fournie au moteur electrique 

:2s divisee par la puissance e.t.ectrique necessaire, la puissance 

electrique susceptible d'etre fournie au moteur etectrique 

tenant compte de la puissance electrique necessaire, de la 

· puissance reelle fournie par la geDeratrice, de la puissance 

susceptible d'etre fournie par la batterie, et de la puissance 

30 maximale susceptible d'etre absorbee par le moteur ; 

- !'ensemble motopropulseur est un ensemble hybride 

en parallele dans lequel le moteur electrique et le moteur 
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thermique entrainent chacun soit au moins une meme roue 

motrice soit des roues motrices differentes ; 

- !'ensemble motopropulseur fonctionne en mode de 

regeneration, I~ ·moteur electrique ne delivre un couple moteur 

s que si le conducteur provoque une hausse brutale du couple 

demande; 

- lorsque !'ensemble motopropulseur fonctionne en 

mode de regeneration. le moteur thermiq ue est commande 

pour fournir un couple maximal ; 

10 - lorsque !'ensemble motopropulseur fonctionne en 

mode hybride et que le niveau de charge de la batterie est 

precedemment devenu inferieur a un niveau de seuil bas et n'a 

pas encore depasse un niveau de seuil haut, le moteur 

thermique est commande pour fournir un couple de con~igne 

15 au moins egal a un couple optimal correspondant a des 

conditions de rendement optimales du rnoteur thermique ; 

- lorsque !'ensemble motopropulseur fonctionne en 

mode hybride et que le couple instantane demande par le 

conducteur est precedemment devenu superieur a un niveau 

20 de seuil haut sans etre redevenu inferieur a un niveau de seuil 

bas en meme temps que le niveau moyen est inferieur au 

niveau de seuil bas, le moteur thefmique est commande pour 

fournir un couple de consigne au moins egal a une· valeur 

filtree du couple demande par le conducteur ; et 

25 - si une valeur filtree du couple demands par le 

conducteur est superieure au couple maximal du moteur 

thermique, le moteur electrique est sollicite pour fournir. dans 

la mesure du possible, la quantite d~ couple manquante. 

D'autres caracteristiques et avantages de !'invention 

30 apparaitront a la lecture de la description detaillee qui suit 

pour la comprehension de laquelle on se reportera aux dessins 

annexes dans lesquels : 
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- _ la figure 1 est une vue schematique illustrant 

!'architecture d'un vehicule automobile a motorisation hybride, 

de type parallele ; 

- la figure 2-est une vue similaire a celle de la figure 1 

s illustrant un vehicule hybride de type ser_ie ; 

10 

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

·une premiere strategie de gestion d'un vehicule hybride 

conforme aux enseignements de !'invention, plus particulie­

rement destinee a un vehicule hybride de type parallele ; et 

- les figures 4A a 4H illustrent un organigramme d'une 

strategie de gestion selon. !'invention, plus particulierement 

destinee a un vehicule de type hybride en serie. 

Dans un vehicule a motorisation hybride en parallele, du 

type de celle illustree a la figure 1, un moteur thermique 1 O et 

1s un moteur electrique 12 sont tous les deux susceptibles 

d'entrainer directement les roues motrices du vehicule. 

Le moteur. thermique 1 O est generalement un moteur a 
combustion interne du type a pistons alternatifs ou a piston 

rotatif ou encore de type turbine. II est alimente en energie 

20 ~ous forme chimique par un carburant liquide ou gazeux de 

type hydrocarbure. 

Le moteur electrique 12 est relie electriquement a une 

batterie d'accumulateurs 16 porte par le vehicule, 

eventuellement par le biais d'un convertisseur -onduleur. 17. 

25 Les deux moteurs 10, 12 ·~entrainent chacun en rotation un 

arbre d'entree 18, 20 d'un organe de ·repartition de puissance 

22 dont le ou les arbres de sortie 24 entrainent en rotation les 

roues matrices. L'organe de distributio~ de puissance 22 peut 

comporter par exemple une boite de vitesses, un differentiel et 

30 on peut choisir d'interposer entre l'un au mains des moteurs et 

l'arbre d'entree 18, 20 correspondant, un dispositif 

d'embrayage 25 qui permet d'accoupler ou de desaccoupler a 
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volonte le moteur par rapport a l'organe de distribution de 

puissance 22. 

Le vehicule ainsi equipe peut done etre entraine soit a 
l'aide du seul m-0teur thermique 10, soit a l'aide du seul moteur 

s electrique 12, soit a l'aide des deux moteurs simultanement. 

Eventuellement, le moteur thermique peut voir sa puissance 

repartie entre d'une part l'entrainement des roues motrices 14, 

et d'autre part l'entrainement en rotation du moteur electrique 

« inverse » qui se transforme alors en une generatrice 

10 electrique susceptible de recharger la batterie d'accumulateurs 

16. 

De meme, le moteur electrique 12 peut eventuellement 

etre utilise pour demarrer le moteur thermique 10. 

Dans le vehicule hybride de type serie qui est illustre a 
1s la figure 2, seul le moteur electrique 12 est relie directement 

aux roues matrices, eventuellement par le biais d'un organe de 

distribution de puissance (non represente). Le moteur 

electrique 12 peut etre alimente en energie electrique par la 

batterie d'accumulateurs 16 cu par une generatrice electrique 

20 26 qui est entrainee par le moteur electrique 12. 

Dans tous les cas, ii peut etre prevu des convertisseurs 

onduleur 17 et redresseur 19 si le moteur electrique doit etre 

alimente en courant alternatif. 

De preference, pour assurer la gesti.on de 

:!5 l'entrainement du vehicule, .. chacun des elements principaux du 

vehicule est pourvu d'une unite locale de commande, chacune 

de ces unites locales etant a son tour commandee. par une 

unite centrale de gestion qui permet_ de centraliser a la fois les 

informations concernant l'etat de chacun des organes, des 

30 informations quant a l'etat du vehicule et aussi des 

informations quant aux souhaits du conducteur. 

L'unite centrale de gestion a notamment pour but de 
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comn:iander les deux moteurs 10, 12 de maniere a utiliser au 

mieux l'energie du vehicule qui est stockee soit sous la forme 

electrique dans les batteries, soit sous la forme de carburant 

de type hydro.carbure. Cette gestion a aussi pour but de 

s repondre a tout moment de la maniere la plus satisfaisante 

possible aux souhaits du conducteur quant a !'acceleration et a 
la deceleration du vehicule, ce souhait etant de preference 

represente par un couple moteur Cdemande au niveau des 

roues motrices. 

10 Deux taches principales sont executees cycliquement 

par l'unite centrale de g~stion, a savoir d'une part la decision 

· du demarrage ou de l'arret du moteur thermique 10 et, d'autre 

part, la determination des consignes du couple ou de la 

puissance que doivent fournir le moteur electrique et le moteur 

15 thermique pour assurer l'entrainement du vehicule 

conformement aux souhaits du conducteur. 

Selon !'invention, ces deux tac hes sont effectuees en 

parallele et elles sont executees a des frequences differentes. 

Ainsi, la tache consistant a determiner les consignes de 

'.!O couple a fournir par le moteur electrique et le moteur 

thermique sera par exemple executee toutes les quarante 

millisecondes tandis que la tache de decision du demarrage ou 

de l'arret du moteur thermique sera par exemple effectue 

toutes les secondes. 

25 En decouplant de la .porte ces deux taches, on parvient 

a obtenir une gestion de la puissance fournie par !'ensemble 

motopropulseur constitue par les deux moteurs 10, 12 qui 

permet de repondre de maniere quasi instantanee aux 

sollicitations du conducteur. De plus, en rendant la decision de 

30 demarrage et d'arret du moteur thermique independante de la 

gestion instantanee de la puissance, on evite de multiplier ces 

phases d'arret et de demarrage qui sont a la fois des sources 
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de pollution accentuees et des sources d'instabilite 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 vehicule. 

La strategie de gestion du vehicule hybride selon 

!'invention sera plus particulierement decrite ci-apres selon 

deux modes de realisation dont l'un est plus particulierement 

adapte a un vehicule hybride de type parallele illustre a la 

figure 1, et dont l'autre est plus particulierement adapte a un 

10 vehicule hybride de type serie illustre a la figure 2. 

La premiere de ces deµx strategies fait appel a une 

serie de variables qui sont regroupees et explicitees dans le 

tableau ci-dessous. 

Notation Signification Unites 
Cl aC-1 Constantes pennenam de calculer Chas et Cham en fonction de Nm 

jauge _ banerie 
Cbas Seuil de couple infc!rieur pour la determination de th roulage Nm 
Cdemande Couple demande par le conducteur (positif pour l'accc!Jc!ration, nc!gatif Nm 

pour la deceleration) 
Cdemande_filtrel Valeur tiltrc!e a temps de reponse rapide de Cdemande! Nm 
Cdemande _ fi ltre:2 Valeur filtree a temps de rcponse lent de Cdemandc! Nm 
Ce_ref Consigne de couple du moteur c!lectrique Nm 

(Positif pour la traction. nc!gatif pour le freinage rc!cupc!ratiO 
Cel_freinage_max Couple de freinage recuperatif maximum admissible par le moteur Nm 

c!lectrique (ne!gaciO 
C~I traction ma.x Couple de traction maximum admissible par le moteur c!lectrique (positif) Nm 
Cema.x Couple electrique maximum compte cenu de l'c!tat de la banerie et de Nm 

mode _selectionne (positif) 
Cemin Couple c!lectrique minimum compte tenu de l'c!tat de la banerie et de Nm 

mode selectionne (nc!gatif) 
Chaui Seuil de couple supcrieur pour la dctennination de th_roulage Nm 
Ct maximum Couple ma;<imum du mo.teur thermique. utilise! en mode Regeneration Nm 
Ct_optimal Couple du moteur the~que correspondant a sa consommation specifique Nm 

minimale 
Ct_ref Consignc de couple du moteur thcrmiquc Nm 

(Positif pour la traction. ncgatif pour le frein moteur) 
Ct_ref .. int Estimation intermediaire de la valeur de Ct ref Nm 
Ct .. refl Estimation intermediaire de la valeur de Ct ref Nm 
Cth_freinage_max Couple de frein moteur maximum admissible par le moteur thermique Nm 

tnegatif) 
Cth traction max Couple de traction mmdmum admissible par le motcur thennique (positif) Nm 
Ctmax Couple electrique maximum compte tenu de mode selectionne lpositit) Nm 
Ctmin Couple c!lectrique minimum compte tenu de mode selectionne (negatil) Nm 
D_inf Vah:ur intennediaire dans le calcul.de Ct ref Nm 
D_sup Valcur intenncdiaire dans le cnlcul de Ct_ref Nm 
Deman de .. elcctrique Dcmandc de demarragc du moteur electriquc Boolcen 
Dcmandc_thermiquc Dcmande de dcmarragc du motcur thcnniquc Boolcen 
Hyst mode batterie Grandeur imcrmediaire pour la determination de th_recuperation . 
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(Electrique. Hybride) 
Hyst_mode_ couple Grandeur intem,tediaire pour la dc.!tennination de th_roulage (Electrique. . 

Hybridc) 
jauge_ battcric Etat de charge de la banerie de traction % 

Kickdown dcmande Demandc de complement d'aceeh:ration electrique I mode Regeneration) Booleen 
mode_selectionne mode de fonctionncmcni selcctionnc par le conductcur . 

(Electrique. Hybride ou Regeneration) 
N Vitesse de rotation du moteur electrique rad/s 
PbatMaxD Puissance mmc.ima!e de dechargc de la bancric de traction (positive) w 
Pbatmax.R Puissance maximale de recharge de ta batterie de traction (negative) w 
Re_ii'lf Valeur intermediairc dans le calcul de Ct_rcf (Cf. schema ci-dessous) Nm 
Re_sup Valcur intcrmediaire dans le calcul de Ct ref (Cf. schema ci-dessous) Nm 
Rt_inf Valeur intermediaire dans le calcul de Ct ref (Cf. schema ci-dessous) Nm 
Rt sup Valeur intcrmediaire dans le calcul de Ct_ref (Cf. schema ci-dessous) Nm 
seuiljauge_bas Seuil bas de jauge banerie pour la determination de th_recuperation % 
seuiljauge _haut Seu ii Faut de jauge batterie pour la detennination de th recuperation ~~ 

th recuperation Determine si le moteur thennique contribue a recharger la banerie Booleen 
th_regeneration Determine si le moteur thermique contribue ii recharger fonemem la I Booleen 

batterie 
th_roulage Detennine si le moceur thcnnique contribue a assurer le roulage Booleen 

Sur la figure 3A, on a illustre les deux taches 

principales qui sont executees en parallele l'une par rapport a 
l'autre, a des frequences differentes. Bien entendu, les 

5 frequences de 1 hertz et de 25 hertz donnees .ici pour d'une 

part la tache 1100 de decis.ion de mise en route et d'arret du 

moteur thermique, et d'autre part la tache 1200 determination 

des consignes de couple des moteurs 10, 12 sent des exemples 

non limitatifs qui permettent d'illustrer le choix se.lon lequel la 

10 seconde de ces frequences est .Jargement superieure a la 

premiere. 

Chacune des taches 1100 et 1200 iltustrees sur ces 

figures est decomposee .en des taches de niveau inferieur qui 

seront explicitees en reference aux figures 3B a 3K. 

1s L'etape 1100 de decision de demarrage ou d'arret du 

moteur thermique est explicitee sur la figure 3B. Tout d'abord, 

aux etapes 1101 et 1102, ii est calcule deux valeurs filtrees du 

couple Cdemande demande par le conducteur. Les filtres 

utilises sent par exemple des filtres du premier ordre, de type 

20 passe-bas. La premiere valeur Cdemande_filtre1 correspond a 
une moyenne de Cdemande sur un intervalle tres court 

precedant !'instant du calcul et reste representative de la 
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valeur instantanee Cdemande. Au contraire, la valeur· 

Cdemande_filtre2 correspond a une valeur moyenne ecretee 

de Cdemande et elle est done representative d'une tendance a 
moyen terme .de la demande de. couple formulee par le 

s conducteur. 

Une fois ces deux valeurs calculees, sent executees 

trois taches de niveau inferieur au cours desquelles sent 

determinees des variables booleennes intermediaires 

th_roulage (tache 1110), th_recuperation (tache 112 O), 

10 th_regeneration, demande_electrique et demande_thermiq ue 

(tache 113.0). 

Ces taches de niveau inferieur seront explicitees par la 

suite. 

Une fois ces valeurs determinees, ii est effectue a 
15 l'etape 1103 un test pour verifier si le moteur thermique 1 O est 

disponible, c'est-a-dire s'il est en etat de delivrer un couple 

moteur. Dans !'affirmative, les variables booleennes qui 

viennent d'etre calculees sont ·conservees telles que, sin on. 

comme on peut le voir a l'etape 1104, les valeurs booleennes 

20 th_roulage, th_regeneration et th_recuperation so.nt forcees a 
zero. 

La tache 1110 de determination de la valeur de la 

variable booleenne th_roulage est decrite maintenant en 

reference a la figure 3C. A l'etape 1111, ii est tout d'abord 

2s calcule deux niveaux de s.euil Cbas et Chaut auxquels vont 

etre comparees les valeurs filtrees du couple demand~. Ces 

valeurs de seuil sent notamment determinees en fonction de 

l'etat de charge jauge_batterie de la _batterie 16. 

A l'etape 1112, on verifie tout d'abord si la valeur filtree 

30 Cdemande_filtre1. representative du couple instantane 

demande par le cond ucteur, est superieure au niveau de seuil 

superieur Chaut. Dans !'affirmative, une variable booleenne 
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intermediaire hyst_mode_couple est forcee a la valeur 

« hybride » a l'etape 1113. Dans la negative, a l'etape 1114, 

on verifie si les deux valeurs filtrees du couple demande 

Cdemande_filtr_e1 et Cdemande_filtre2 sont inferieures 

5 simultanement au niveau inferieur de couple Cbas. Dans 

!'affirmative, la valeur booleenne hyst_mode_couple est forcee 

a l'etape 1115 a la valeur « electrique ». Dans la negative, la 

variable booleenne hyst_mode_couple n'est pas modifiee. 

A l'etape 1116, on verifie alors si la variable boo.leenne 

10 hyst_mode_couple est egale a la valeur « hybride ». Dans 

!'affirmative, la valeur booleenne th_roulage est force~ a 1 a 
l'etape 1118. Dans la negative, la valeur booleenne th_roulage 

est forcee a zero a l'etape 1117. 

La tache 1120 de determination de la valeur de la 

15 variable booleenne th_recuperation sera maintenant decrite en 

reference a la figure 30. A l'etape 1121, ii est tout d'abord 

verifie si l'etat de charge de la batterie 16, .representee par la 

variable jauge_batterie, est inferie:ur a un niveau de seuil 

inferieur seuil_jauge_bas. Dans !'affirmative, une variable 

20 booleenne hyst_mode_batterie est forcee a la valeur 

« hybride » a l'etape 1122. Dans la negative, on verifie a 
l'etape 1123 si la valeur jauge_batterie est superieure a un 

niveau de seuil superieur seuil_jauge_haut. Dans !'affirmative, 

la variable booleenne hyst_mode_batterie est forcee a la 

25 valeur « electrique » a re.tape 1124. Dans la negative, la 

variable hyst_mode_batterie conserve la meme valeur qu'au 

cours de !'execution precedente de la tache. 

A l'etape 1125, ii est verifie si la variable 

hyst_mode_batterie est egale a la valeur « hybride ». Dans 

3o !'affirmative, la valeur th_recuperation est forcee a la valeur 1 

a l'etape 1127. Dans la negative, cette variable est forcee a la 

valeur nulle a l'etape 1126. 
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La tache 1130 est decrite en reference a la figure 3E. 

Cette tache a pour but de determiner la valeur des variables 

booleennes th_regeneration, demande_electrique et 

dema nde_therm iq u.e·. 

s Selon un aspect de !'invention, la strategie de gestion 

de !'ensemble motopropulseur du vehicule hybride qui est ici 

proposee permet au conducteur de selectionner un parmi trois 

modes de fonctionnement de !'ensemble motopropulseur. 

Dans un mode electrique, le conducteur interdit 

10 !'utilisation du moteur thermique. Les variables booleennes 

hyst_mode_couple et hyst._mode_batterie sent forcees a la 

variable « electrique », la variable demande_electrique est 

forcee a la valeur « vrai >>, la variable demande_thermique ·est 

forcee a la valeur « faux » et la variable th_regeneration est 

15 forcee a la valeur « O ·». 

Le conducteur peut aussi selectionner un mode de 

fonctionnement en regeneration de !'ensemble motopropulseur. 

Ce mode de fonctionnement impose a !'ensemble 

motopropulseur la mise en route du moteur thermique pour 

20 assurer, en plus de l'entrainement du vehicule, la rec'harge de 

la batterie 16. Les variables booleennes hyst_mode_couple et 

hyst_mode_batterie sont dans ce ca_~ forcees a la valeur 

« hybride ». Les variables booleennes demande_electriqu~ et 

demande_thermique sent forcees a la valeur « vra.i » t~ndis 

1s. que la variable th_regeneratJon est forcee a la valeur « 1 ». 

30 

Le conducteur peut aussi selectionner un mode de 

fonctionnement hybride de !'ensemble motopropulseur. Dans 

ce mode de fonctionnement, le moteur thermique 10 ne sera 

utilise qu'en cas de besoin, ainsi que cela sera vu par la suite. 

Dans ce mode, la variable demande_electrique est 

forcee a la valeur « vrai ». La variable demande_thermique est 

forcee a la valeur « vrai » si l'une ou l'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 

forcee a la valeur « faux ». La variable th_regeneration est 

forcee a la vale.Ur « 0 ». 

s II va maintenant etre decrit, en reference aux figures 3F 

a 3K, la deuxieme tache principale 1200 de cette pr~miere 

strategie de gestion d'un vehicule hybride, cette deuxieme 

tache etant executee a une frequence suffisamment rapide 

pour pouvoir satisfaire la demande du conducteur. 

10 Cette deuxieme tache 1200, qui consiste en la 

15 

determination des couples de consigne Ce_ref et Ct_ref du 

moteur electrique et du moteur thermique, comporte elle-meme 

deux taches de niveau inferieur 1210 et 1220 qui seront 

explicitees respectivement aux figures 3G a 3H et 31 a 3K. 

Com me on peut le voir a la figure 3G, la tache 121 O a 
.. 

pour but la determination de couples moteur limite pour le 

moteur electrique et le moteur thermique. A l'etape 1211, ii est 

tout d'abord verifie si le moteur thermique est disponible. Dans 

!'affirmative, des variables de couple limite Ctmax et Ctmin du 

10 moteur thermique se voient attribuer respectivement les 

valeurs Cth_traction_max et Cth_freinage_max qui sont liees 

notamment au regime et a la temperature du moteur utilise. 

Dans la negative, les valeurs de Ctmax et Ctmin sont forcees a 
zero a l'etape 1213. 

2s A l'etape 1214, ii ._est ensuite verifie si le moteur 

30 

electrique est disponible. Dans I-a negative, les variables 

Cemax et Cemin sont forcees a zero a l'etape 1217 . 

. Dans !'affirmative, la variable Cemin se voit attribuee a 
l'etape 1215 la plus grande de deux valeurs parmi : 

- une valeur Cel_freinage_max, qui depend notamment 

de la tension d'alimentation et de la temperature du moteur ; 
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- PbatmaxR X ..!.. . 
N 

La valeur du couple maximum du moteur electrique est 

determinee a la .tache 1216 qui est decomposee sur la figure .. 
3H. En effet, i'I est tout d'abord teste a l'etape 1216a si la 

5 variable th_regeneration est egale a 1, c'est-a-dire Si le 

conducteur a selectionne le r11ode de fonctionnement en 

regeneration de !'ensemble motopropulseur. Dans !'affirmative, 

on peut voir que la valeur de Cema·x est forcee a zero a l'etape 

1216c, sauf si le conducteur, comm"e cela est verifie a l'etape 

10 1216b, effectue une manoeuvre de kickdown par laquelle ii 

augmente de maniere importante et rapide le couple demands. 

Cette manoeuvre correspond generalement a un enfoncement 

rapide de la pedale d'accelerateur. 

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

15 l'etape 1216a, la valeur Cemax est fixee a l'etape 1216d a la 

plus petite des valeurs : 

- PbatmaxD x ..!.. 
N 

- Cel_traction_max. 

La tache 1220 de calcul des consignes de couple 

20 Ce_ref et Ct_ref illustree .a la figure 31 comporte deux sous­

taches 1221 et 1.222 qui seront decrites respectivement en 

regard des figures 3J et 3 K. La sous-tache 1221 consiste en le 

calcul d'une valeur intermediaire Ct_ref_int. Pour cela, ii est 
-d'abord determine, a l'etape 1221 a, une valeur Ct_ref1 qui est 

25 egale a la plus grande de trois valeurs : 

- th_roulage x Cdemande 

- th_regeneration x Ct_maximum 

- th_recuperation x Ct_op.timal. 

A l'etape 1221c, cette variable Ct_ref1 est filtree par un 

30 filtre du premier ordre de type passe-bas pour donner la 

variable intermediaire Ct_ref_int. 
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L'etape 1222 d'ajustement de Ce_ref et de Ct_ref sera 

maintenant decrite en regard de la figure 3K. A l'etape 1222a, 

on fixe tout d'abord la valeur de Ct_re-f a la valeur Ct_ref _int 

determinee plus h,.a-ut. Puis, a l'etape 1222b, ii est verifie si 

s cette valeur est superieure a la valeur Ctmax. Dans 

!'affirmative, a l'etape 1222c, Ct_ref est forcee a la valeur 

Ctmax et Rt_sup est forcee a la valeur nulle. Dans la negative, 

a l'etape 1222d, la valeur de Rt_sup est fixee a la difference 

de Ctmax-Ct_ref. 

10 Dans les deux cas de reponse a l'etape 1222b, ii est 

ensuite verifie a l'etape 1222e si la valeur de Ct_ref est 

inferieure a la valeur de Ctmin. Dans !'affirmative, a l'etape 

1222f, Ct_ref est forcee a la valeur Ctmin et Rt_inf est forcee a 
zero. Dans la negative, Rt_inf est fixee egale a la difference 

1s entre Ct_ref et Ctmin a l'etape 1222g. 

Dans les deux cas de reponse a l'etape 1222e, Ct_ref 

est alors forcee a la valeur Cdem-Ct_ref, Re_sup est forcee a 
la valeur Cemax-Ce_ref et la variable Re_inf est forcee a la 

valeur Ce_ref-Cemin a l'etape 1222h. 

20 Ensuite a l'etape 1222i, ii est verifie si la valeur de 

Re_sup est negative. Dans la negative, ii est precede 

directement au passage 12220. Dans !'affirmative, a l'etape 

1222j. la variable D_sup est fixee a la valeur Rt_sup+Re_sup, 

la variable Ce_ref est fixee a la valeur Cemax, la Vpleur 

2s Re_sup est fixee a zero e.t la variable Re_inf est fixee a la 

valeur de la difference entre Cemax et Cemin. Alers, a l'etape 

1222k, on verifie si la valeur D_sup est negative. Dans 

!'affirmative, a l'etape 12221, la variable Ct_ref est fixee a la 

valeur Ct_max et la variable Rt_sup est fixee a zero ; sinon, a 
30 l'etape 1222m, la variable Ct_ref est fixee a la valeur Ctmax­

D_sup et la variable Rt_sup. est fixee a la valeur D_sup. 

Dans les deux cas de reponse a l'etape 1222k, ainsi 
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que dans le cas d'une re.ponse negative au test- de l'etape 

1222i, ii est alors verifie a l'etape 12220 si la variable Re inf 

est negative. Dans !'affirmative, a l'etape 1222p, la variable 

D_inf est fixee .a· la valeur Rt_inf+Re_inf, la variable Ce_ref est 

s. fixee egale a la valeur Cemin, la variable Re_sup est fixee 

egale a la difference de Cemax moins Cemin et la variable 

Re_inf est fixee a la valeur nulle. 

Alors, a l'etape 1222q, ii est verifie si la variable D inf 

est negative. Dans !'affirmative, a l'etape 1222s. la variable 

10 Ct_ref est fixee egale a la valeur Ctmin et la variable Rt_inf est 

fixee a la valeur nulle. Dans la negative, la variable Ct_ref est 

fixee egale a la valeur Ctmin+D_inf et la variable Rt_inf est 

fixee egale a la valeur D _inf. 

Dans la negative, ii est precede directement a la fin de 

1s la tache. 

Comme on peut le voir de la description detaillee de 

cette premiere strategie de gestion du vehicule hybride, 

lorsque le conducteur a selectionne le mode de 

fonctionnement hybride pour !'ensemble motopropulseur, le 

20 demarrage du moteur thermique est demande, lors de la tache 

1130, si l'une des variables hyst_mode_batterie et 

hyst_mode_couple est egale a la valeur « hybride ». Si ni 

l'une, ni l'autre ne sont a la valeur hybride, le moteur 

thermique est arrete. 

25 Ainsi, on peut deduire de l'etape 1213 que le moteur 

thermique peut demarrer si le conducteur sollicite un couple 

demande a la roue suffisamment eleve pour que la variable 

Cdemande_filtre 1 soit superieure au niveau du seuil haut 

Chaut. De meme, on peut deduire des etapes 1122 et 1121 

30 que le moteur thermique est demarre lorsque le niveau de 

charge de la batterie devient inferieur · a un niveau de seuil 

inferieur. Toutefois, avec cette premiere strategie, l'arret du 
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mot~ur thermique n'est provoque que lorsqu'a la fo_is les 

conditions de l'etape 1114 et de l'etape 1123 sont verifiees, 

c'est-a-dire lorsque la batterie atteint un etat de charge 

superieur a un .r1-iveau de seuil superieur et lorsque, a la fois, 

s les valeurs filtrees instantanees et moyennes du couple 

demande par le conducteur sent inferieures a un niveau de 

seuil bas. 

Ainsi, selon cette strategie, on voit que la decision de 

demarrage du moteur thermique depend notamment du niveau 

10 de charge de la batterie, du couple instantane demande par le 
.. 

conducteur, et du couple moyen demande par le conducteur. 

On peut egalement constater que, lorsque !'ensemble 

motopropulseur fonctionne en mode hybride, la valeur du 

couple Ct_ref qui sera demande au moteur thermique depend 

15 des variables th_roulage et th_recuperation determinees par 

les taches 111 O et 1120. Ainsi, lorsque le niveau de charge de 

la batterie est precedemment devenu inferieur a un niveau de 

seuil bas et qu.'il n'a pas encore depasse un niveau de seuil 

haut, ii ressort de la tache 1120 que la valeur de 

20 th_recuperation est egale a 1 de sorte que la valeur 

intermediaire Ct_ref1 calculee a l'etape 1221 b ne peut etre 

inferieure au couple Ct_optimal que fournit le moteur lorsqu'il 

est commande dans des conditions de rendement optimales. 

La valeur Ct_ref du couple de consigne impose au. moteur 

25 · thermique ne peut done pas.._descendre en dessous d'un niveau 

correspondant a ce couple optimal. 

Au contraire, toujours lorsque le conducteur a 

selectionne le mode de fonctionnement hybride du groupe 

motopropulseur, ii ressort de la tache 1110 que, lorsque la 

30 condition de l'etape 1112 a ete remplie et tant que celle de 

l'etape 1114 ne l'a pas ete, la valeur de ta variable th_roulage 

est egale a 1 si bien que, dans ces conditions, la valeur de 
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Ct ref1 calculee a l'etape 1221 b ne peut etre inferieure au 

couple demande par le conducteur. 

Par ailleurs, ii ressort de la tache 1222 que si la valeur 

filtree Ct_ref_in-t du couple demande par le conducteur 

s depasse le seuil Ctmax du couple susceptible d'etre fourni par 

le moteur thermique, le moteur electrique est sollicite a l'etape 

1222h pour fournir le couple manquant, ceci dans la limite des 

possibilites du moteur electrique et de la batterie. 

II sera maintenant decrit plus particulierement en 

10 reference aux figures 4A a 4H une deuxieme strategie de 

gestion d'un vehicule hybride selon !'invention destine plus 

particulierement a etre applique dans le cadre d'un vehicule 

hybride de type serie. Cette deuxieme strategie fait appel a 
une serie de variables qui sont regroupees et explicitees dans 

15 le tableau ci-dessous. 

Notation Signification Unites 
Cdemande couple demandc! par le conducteur (positif pour !'acceleration, negatif pour Nm 
o.u Cdem la deceleration) 
Ce_ref Consigne de couple du moteur electrique Nm 

(Positif pour la traction. negatif pour le freinage recuperatif) 
Ecan_C Ecan entre Cref et Cdemande Nm 
Ecan orestation Valeur filtree de Ecan C Nm 
Ecart_soc Ecm emre soc et soc ref % 
GE_demande Demande de demarrage ou d'arret du moteur thermique pour entrainer la Booleen 

generatrice electrique 
lbat Courant debite par la batterie (decharge : positif. charge : negatif) A 
lge Courant debite par la generatrice electrique (positiO A 
Mode_selectionne Mode de fonctionnement selectionne par le conducteur -

(Electrique, Hybride ou Regeneration) 
N Vitesse de rotation du moteur electrique rad/s 
Pbat_ demande Puissance demandee a la batterie de traction (decharge: positif, charge: w 

negatif) .. 
Pbat_possible Pan de Pbat demandc ciue peut foumir la batterie w 
Pbatma.xD Puissance maximale de decharge de la banerie de traction (positive) w 
Pbatmi.xR Puissance maximale de recharge de la banerie de traction (negative) w 
Pel Puissance absorbee par le moteur elcctrique (traction: positif. freinagc w 

rccupcratif : negatif) 
Pel dcmande Puissance clectrique necessaire pour foumir Cdemandc w 
Pel_filtreA V aleur fit tree a temps de reponsc: rapidc de Pel w 
Pel_filtreB Valeur fittree ii temps de rcponse lent de Pel w 
Pel_possible Pm de Pel_demande que le systeme peut foumir w 
Pge_demA Estimation intcrmediaire de la valeur de Pge ref w 
Pge_demB Vnleur de In puissance demnndee ii In generatricc elcctrique determinnnt w 

Arret GE demandc et.Demarragc GE demnndc 
Pge_m:i.x Puissance maximale quc peut foumir la generatrice electrique w 
Pge mini Puissance minimale que pcut foumir la gcneratrice electriquc w 
Pge_ref Consigne de puissance de la gcnerntricc ~lectrique w 
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Pmec Puissancc mecunique foumie pnr le moteur electrique \\' 

Pmec dcmandc Puissance mecaniquc :i foumir correspondant a Cdemandc w 
Pmini Sc:uil de valc:ur absolue de la puissance en dei,:a duqut:I R n'cst pas c:ilculc \\' 

Pmotcur_max Puissance maximalc: que peut absorber ou restituer le moteur elcctrique \\' 

R Rcndcment du motcur electrique utilise en gcnerauice . 
R tilcre Valeur tiltn:e de R . 
soc Etnt de;. chnrge de la batterie de traction (state of charge) % 
soc ref El.lit de charge de reference de la batterie de traction 'Vo 
u Tension de la batterie de traction ,o 

Comme on peut le voir sur la figure 4A, l'unite centrale 

de gestion de l'ensemble motopropulseur est chargee de 

!'execution de trois taches principales. La premiere 2100 de 

5 ces taches consiste ici dans la determination de la consigne de 

couple du moteur electrique. Elle est executee par exemple 

toutes les quarante millisecondes, c'est-a-dire a une frequence 

de 25 hertz. En parallele, est executee la deuxieme tache 2200 

qui consiste en la decision de demarrage ou d'arret du moteur 

10 thermique. Sa periode est d'une seconde et sa frequence de 1 

hertz. 

II est par ailleurs prevu une tro·isieme tache principale 

2300, elle aussi executee en parallele, et au cours de laquelle 

est determinee la consigne de puissance de la generatrice 

ts electrique Pge_ref. Sa periode d'execution est par exemple de 

500 millisecondes, correspondant a une frequence de 2 hertz 

pour tenir compte de l'inertie de !'ensemble formee par le 

moteur thermique et la generatrice. 

La ·premiere de ces taches principales est decrite en 

20 reference a la figur'e 48 .. ~omme on peut le voir sur cette 

figure, la tache 2100 de determination de la consigne de 

couple du moteur electrique Ce_ref commence par l'execution 

de la sous-tache 2110 de calcul de la puissance electrique 

necessaire Pel_demande. 

25 Cette sous-tache est decrite en reference a la figure 4C. 

Tout d'abord, a l'etape 2111, ii est determine la valeur Pel de 

la puissance absorbee par le moteur electrique. Cette 
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puissance est positive lorsque le moteur assure l'entrainement 

du vehicule et elle est negative lorsque, au cours d'un 

ralentissement du vehicule, le moteur electrique est utilise en 

tant que gener~rice pour recharger la batterie 16. Cette valeur 

s Pel est egale a la tension du reseau d'alimentation electrique 

multiplie par la somme des courants fournis par la batterie 

d'une part et par la generatrice electrique d'autre part. 

A l'etape 2112, la puissance mecanique fournie par le 

moteur electrique .Pmec est definie comme etant le produit du 

10 couple de consigne Ce_ref par la vitesse de rotation N du 

moteur electrique 12. A l'etape 2113, la puissance mecanique 

demandee Pmec_demande est definie comme etant eg~le au 

couple Cdemande par le conducteur multiplie par la vitesse N 

de rotation du moteur electrique. A l'etape 2114, ii est 

15 determine si la valeur absolue de la puissance mecanique 

Pmec est superieure a une valeur de seuil Pmini. Dans 

!'affirmative, on definit a l'etape 2115 un rendement du moteur 

electrique qui est egal a la valeur absolue du rapport de la 

puissance electrique Pel divisee par la puissance mecanique 

20 Pmec. Dans la negative, la valeur de ce rendement est fixee 

arbitrairement a 1 a l'etape 2116. 

A l'etape 2117, ii est determine une valeur filtree 

R_filtre de ce rendement, par exemple a l'aide d'un filtre du 

premier ordre. 

25 A l'etape 2118, la_ puissance electrique demandee 

Pel demande est determinee comme etant le produit de la 

.valeur filtree du rendement par la puissance mecanique 

demandee. 

L'execution de la tache 2100 de determination de la 

30 consigne de couple du moteur electrique se poursuit alors a 
l'etape 2101 au cours de laquelle on verifie si la valeur 

absolue de la puissance electrique demandee est superieure a 
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un niveau de seuil Pmini. Dans la negative, le couple de 

consigne Ce_ref est fixe egal au couple demande par le 

conducteur. Dans !'affirmative, ii est d'abord determine la 

puissance Pge ~fournie par la generatrice. Si celle-ci debite un 

5 courant lge, cette puissance vaut U fois lge. 

A l'etape 2103, ii. est cal cu le la puissance de traction 

que doit fournir la batterie 16. Cette valeur Pbat_demande est 

egale a la puissance electrique necessaire pour fournir le 

couple demande moins la puissance fournie par la generatrice. 

10 A l'etape 2104. on determine la puissance susceptible d'etre 

fournie par la batterie .comme etant la valeur minimale entre 

les deux valeurs suivantes : 

- la puissance maximale de decharge de la batterie 

(PbatmaxD) et 

15 . - la valeur minimale entre 

20 

* la puissance demandee a la batterie 

(Pbat_demande) ; 

*. la puissance maximale de recharge de la 

batterie (PbatmaxR). 

A l'etape 2105, ii est alors determine la puissance 

electrique que peut fournir le systeme, cette valeur etant la 

plus petite des deux valeurs suivantes : 

la puissance maximale du moteur thermique 

Pmoteur_max ; et 

25 - la somme ·de la pu_issance susceptible d'etre fournie 

par la batterie (Pbat_possible) avec la puissance fournie par la 

generatrice Pge. 

Alors a l'etape 2106, le coupl_e de reference Ce_ref est 

· determine comme etant le produit du couple demande par le 

30 conducteur par le rapport de la puissance electrique que peut 

fournir le systeme divisee par la puissance electrique 

demandee. 
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La deuxieme tache principale 2200 de cette seconde 

strategie de gestion d'un vehicule hybride consiste en la 

decision de demarrage ou d'arret du moteur thermique. Comme 

on peut le voir a le;!. figure 4C, cette tache 2200 commence par 

s !'execution de la tache 2310 de calcul de la puissance de 

recharge de la batterie qui est illustree a la figure 4G. Comrne 

on peut le voir sur cette figure, ii est done determine, aux 

etapes 2312, 2313, 2314 un etat de charge de reference 

Soc_ref en fonction du mode de foncfio.nnement selectionne 

10 par le conducteur du vehicule. A l'etape 2315, ii est determine 

·une valeur d'ecart entre .cet etat de charge de reference 

Soc_ref et l'etat de charge reel. A l'etape 2316, la puissance 

batterie demandee est definie comme etant une valeur filtree 

de cet ecart, par exernple par un filtre du premier ordre. 

15 Toutefois, a l'etape 2317, ii est verifie que cette valeur 

::?O 

calculee de la puissance de recharge de la batterie ri'excede 

pas les puissances lirnites de charge et de decharge de la 

batterie. auquel cas la puissance de recharge de la batterie 

est forcee a l'une de ces valeurs limites, 

La tache de decision de demarrage ou d'arret du moteur 

thermique se poursuit alors a l'etape 2201 dans laquelle est 

determinee la puissance electrique Pel de la rneme maniere 

que vu plus haut a l'etape 2111. Cette puissance electrique est 

filtree par un filtre d.u premier ordre pour obtenir a l'etape ~202 

15 la variable Pel_filtreB. 

II (;!st ensuite precede a un calcul de l'ecart entre le 

couple demande par le conducteur et le couple effectivement 

_applique aux roues matrices par le moteur electrique. Ce 

calcul de la valeur ecart_prestation fait_l'objet de la tache 221 O 

30 illustree 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 difference entre le couple demands par le 
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conducteur Cdemande et le couple fourni par le moteur 

electrique Ce_ref. 

La tache de decision du demarrage ou de l'arret du 

moteur thermiqµe se poursuit a l'etape 2203 en determinant la 

s valeur de la puissance demandee a la generatrice electrique 

Pge_demB. Cette valeur .est egale a une somme ponderee des 

valeurs precedemment calculees Pbat_demande, Pel_filtreB et 

Ecart_prestation. A l'etape 2204, ii est verifie si cette valeur 

Pge_demB est superieure a une valeur de seuil Pge_mini et si, 

10 en meme temps, le mode de fonctionnement selectionne par le 

conducteur est different du moteur electrique. Si cette double 

condition est verifiee, alors la variable booleenne 

GE_demande est forcee a la valeur « vrai » et le moteur 

thermique est alors demarre pour fournir du courant electrique. 

1s Au contraire, si la double condition de l'etape 2204 n'est pas 

remplie, la variable GE_demande est forcee a la valeur 

« faux » a l'etape 2206 si bien que le moteur thermique est 

commande a l'arret. 

Lorsque le moteur thermique est demarre,. ii est alors 

20 possible de le commander pour qu'il entraine la· generatrice 

electrique de telle maniere que celle-ci produise une puissance 

suffisante. A cet effet, ii est calcule a la tache 2300 une valeur 

de consigne de la puissance de la generatrice electrique 

Pge_ref. Cette tache, illustree a la figure 4F, commence par 

25 !'execution de la tache de, niveau inferieur 231 O qui a ete 
decrite precedemment et qui consiste en le calcul de la 

puissance de recharge de la batterie. Ensuite, a l'etape 2301, 

ii est calcule la puissance electrigue Pel absorbee par le 

moteur electrique de la meme maniere que cela a ete vu aux 

30 etapes 2201 et 2111. Cette valeur est alors filtree a l'etape 

2302, par exemple par un filtre du premier ordre, pour donner 

une valeur intermediaire Pel_filtreA. A l'etape 2303, ii est 
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determine la somme ponderee Pge_demA de la puissance de 

recharge de la batterie Pbat_demande avec la valeur 

Pel_filtreA calculee a l'etape 2302. A l'etape 2304, la 

puissance de cg.nsigne de la generatrice electrique Pge_ref est 

s definie comme etant la plus petite de la valeur Pge_demA, 

calculee a l'etape 2303, et de ... la puissance maximale 

· susceptible d'etre fournie par la generatrice Pge_max. 

Comme on peut le voir des etapes 2203, 2204, 2205 et 

2206, la decision d'un demarrage du moteur thermique depend 

10 notamment des trois parametres suivants : 

15 

20 

- l'etat de charge de la batterie, car la valeur 

Pbat_demande est calculee notamment en fonction de l'ecart 

entre l'etat de charge reel de la batterie et un etat de .charge 

de reference (voir etapes 2315, 2316, 2317); 

le couple moteur demande, car la valeur 

Ecart_prestation depend bien entendu de ce couple demande 

(voir etapes 2211 et 2212) ; et 

- l'ecart entre la prestation fourn ie par le systeme et 

celle demandee par le conducteur. 
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REVENDICATIONS 

1. Veh'icule automobile a motorisation hybride, du type 

dans lequel un en~emble motopropulseur comporte un moteur 

s electrique (12) et un moteur thermique (10) qui sont 

susceptibles de contribuer a l'entrainement du vehicule, et du 

type dans lequel une unite centrale de gestion execute une 

premiere tache ( 1200, 2100) comportant la determination du 

couple que doit fournir chaque moteu~ pour que !'ensemble 

10 motopropulseur fournisse au vehicule un couple moteur 
I 

conforme a un couple dema.ndei (Cdemande) par le conducteur 

du vehicule, et du type dans l~quel le moteur thermique (10) 
I 

est susceptible d'etre arrete, le vehicule etant alors entraine 

par le seul moteur electriqlie ( 12) alimente en courant 
I 

I 

15 electrique par une batterie d'accumulateurs (16), 
I 

caracterise en ce que, a~ mains pour certains modes de 

fonctionnement (hybride) de l'e~semble motopropulseur, l'unite 

centrale execute une deuxieme ltache (1100, 2200) au cours de 

laquelle est decide l'arret bu le demarrage du moteur 

20 thermique, en ce que la premi~re tache et la deuxieme tache 

sent executees en parallele ; et en ce que la frequence 

d'execution de la deuxieme tache est inferieure a celle de la 

premiere tache. 

2. Vehicule automobile selon la revendication. 1, 

25 caracterise en ce que le coqducteur peut imposer a !'ensemble 

motopropulseur un mode de fonctionnement electrique dans 

lequel le moteur thermique (10) est arrete. 

3. Vehicule automobil~ selon l'une quelconque des 

revendications precedentes, caracterise en ce que le 

30 conducteur peut imposer a fensemble motopropulseur un 

mode de fonctionnement de regeneration dans lequel le moteur 

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

4. Vehicule automobile selon l'une quelconque des 

revendications precedentes, caracterise en ce que le 

conducteur pe~t imposer a !'ensemble motopropulseur un 

s mode de fonctionnement hybride dans lequel !'unite centrale 

execute la deuxieme tache au cours de laquelle est decide 

l'arret ou le demarrage du moteur thermique. 

5. Vehicule automobile selon la revendication 4, 

caracterise en ce que la decision d'arret ou de demarrage du 

10 moteur thermique (10) est prise notamment en fonction d'un 

niveau de charge (jauge_batterie, soc) de la batterie (16). 

6. Vehicule automobile selon la revendication 5, 

caracterise en ce que le demarrage du moteur thermique ( 10) 

est decide OU confirme lorsque le niveau de charge 

15 (jauge_batterie) de la batterie (16) est inferieur a un niveau de 

seuil bas (seuil_jauge_bas), et en ce que l'arret du moteur 

thermique (1 O) est susceptible d'etre decide ou d'etre·confirme 

lorsque le niveau de charge de la batterie est superieur a un 

niveau de seuil haut (seuil_jauge_bas). 

20 7. Vehicule automobile selon l'une quelconque des 

revendications 4 a 6, caracterise en ce que la decision d'arret 

ou de demarrage du moteur thermique ( 10) est prise 

notamment en fonction du couple instantane 

(Cdemande_filtre1) demande· par le conducteur. 

25 8. Vehicule automobile selon l'une quelconque des 

revendications 4 a 7, caracterise en ce que la decision d'arret 

ou de demarrage du moteur thermique (10) est prise 

notamment en fonction du couple moyen (Cdemande_filtre2) 

· demande par le conducteur pendant un intervalle de temps 

30 predetermine precedant de la decision. 

9. Vehicule automobile selon la revendication 7 prise en 

combinaison avec la revendication 8, caracterise en ce que le 
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demarrage du moteur thermique (1 O) est decide ou confirme 

lorsque le couple instantane (Cdemande_filtre1) demande par 

le conducteur est superieur a un niveau de seuil haut (Chaut), 

et en ce que l'arret du moteur thermique (1 O} est susceptible 

5 d'etre decide ou d'etre confirme lorsque le couple instantane 

(Cdemande_filtre 1} et le couple moyen (Cdemande_filtre2) 

demandes par le conducteur sont inferieurs a un niveau de 

seuil bas (Cbas}. 

1 O. Vehicule automobile selon la revendication 6 prise 

10 en combinaison avec la revendication 9, caracterise en ce que 

l'arret du moteur thermique (10) est decide ou confirme 

lorsque, a la fois, le niveau de charge (jauge_batterie) de la 

batterie ( 16) est superieur a un niveau de seuil haut 

(seuil_jauge_haut) et le couple instantane (Cdemande_filtre 1) 

15 et le couple moyen (Cdemande_filtre2) demandes par le 

conducteur sont inferieurs a un nive.!3u de seuil bas (Cbas). 

11. Vehicule automobile selon l'une quelconque des 

revendications 4 a 10, caracterise en ce que la decision d'arret 

ou de demarrage du moteur thermique (10) est prise 

20 notamment en fonction d'un ecart (Ecart_prestati'on) entre le 

couple demande (Cdemande} par le conducteur et le couple 

effectivement fourni par !'ensemble motopropulseur. 

12. Vehicule automobile selon l'une quelconque des 

revendications precedentes prise en combinaison avec l'une 

25 . au mains des revendication.~ 2 a 4, caracterise en ce que, en 

fonctionnement du mode de fonctionnement selectionne par le 

conducteur, ii est fixe un niveau de con.signe de charge 

(soc_ref) de la batterie (16). 

13. Vehicule automobile selon l'une quetconque des 

30 revendications precedentes, caracterise en· ce que !'ensemble 

motopropulseur est un ensemble hybride serie dans lequel les 

roues matrices du vehicule sont entrainees exclusivement par 
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le moteur electrique ( 12) qui est alimente par du courant 

electrique provenant de la batterie (16) qui est rechargee par 

une generatrice (26) entrainee par le moteur thermique (10). 

14. Vehicule automobile selon la revendication 13 prise 

s en combinaison avec la revendication 12, caracterise en ce 

qu'il est determine la puissance electrique (Pbat_demande) a 
fournir a la batterie (16) en fonction d'un ecart (Ecart_soc) 

entre les niveaux reel (soc) et de reference (soc_ref) de 

charge de la batterie, en tenant compte de valeurs limites de 

10 puissance de charge (PbatmaxR) et "de decharge (PbatmaxD) 

de la batterie (16). 

15. Vehicule automobile selon la revendication 14, 

caracterise en ce que le demarrage du moteur thermique (10) 

est determine en fonction . de la puissance electrique 

15 (Pbat_demande) a fournir a la batterie ( 16)., de la puissance 

electrique absorbee (Pel_filtreB) par le moteur electrique (12) 

et en fonction d'un ecart (Ecart_prestation) entre la valeur du 

couple demands par le conducteur et la valeur du couple fourni 

par le moteur electrique (12). 

20 16. Vehicule automobile selon la revendication 14 ou 

15, caracterise en ce qu'il est determine un niveau de 

consigne (Pge_ref) de la puissance fournie par la generatrice 

(26) en fonction de la puissance reelle (U*lge) fournie par la 

·, generatrice (26), de la puissance reelle (U*lbat) fournie par la 

:?5 batterie (16), et de la puiss~nce (Pbat_demande) a fournir a la 

.batterie ( 16), en tenant compte la puissance maxima le 

(Pge_max) susceptible d'etre fournie par la generatrice (26) .. 

17. Vehicule automobile selon l'une quelconque des 

revendications precedentes 13 a 15, caracterise en ce qu'il est 

30 determine une puissance electrique necessaire (Pel_demande) 

en fonction du couple moteur (Cdemande) demande _par le 

conducteur, en tenant compte, au mains lorsque ce couple est 
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superieur en valeur absolue a une valeur minimale, d'un 

rendement du moteur electrique (R). 

18. Vehicule automobil1e . selon la revendication 16, 

caracterise en .ce qu'il est determine une valeur de consigne 

s (Cref) du couple fourni par le moteur electrique ( 12) en 

fonction du couple moteur demande par le conducteur multiplie 

par, au mains lorsque la puissance electrique necessaire 

(Pel_demande) est superieure en valeur absolue a une valeur 

de seuil (Pmini), du rapport de la puissance electrique 

10 (Pel_possible) susceptible d'etre fournie au moteur electrique 

(12) divisee par la puissance electrique necessaire 

(Pel_possible), la puissance electrique (Pel_possible) 

susceptible d'etre fournie au moteur electriq ue ( 12) tenant 

compte de la puissance electrique necessaire (Pel_demande), 

15 de la puissance reelle (Pge) fournie par la generatrice, de la 

puissance (Pbat_possible) susceptible d'etre fournie par la 

batterie (16), et de la puissance maximale (Pmoteur _max) 

susceptible d'etre absorbee par le moteur. 

19. Vehicule automobile selon l'une quelconque des 

20 revendications 1 a 12, caracterise en ce que !'ensemble 

motopropulseur est un ensemble hybride en parallele dans 

lequel le moteur electrique (12) et le moteur thermique (10) 

entrainent chacun soit au moins une meme roue motrice soit 

des roues matrices differentes. 

25 20. Vehicule automol;?ile selon la revendication 19 prise 

en combinaison avec la revendication 3, caracterise en ce que 

lorsque !'ensemble motopropulseur fonctionne en mode de 

regeneration, le moteur electrique (10) ne delivre un couple 

moteur que si le conducteur provoque une hausse brutale du 

30 couple demande (kickdown). 

21. Vehicule automobile selon l'une ·des revendications 

19 ou 20 prise en combinaison avec la revendication 3, 
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caracterise en ce que lorsque !'ensemble motopropulseur 

fonctionne en mode de regeneration, le moteur thermique ( 10) 

est commande pour fournir uncouple maximal (Ct_maximum). 

22. Vehicule automobile selon l'une quelconque des 

5 revendications 19 a 21 prise en combinaison avec la 

revendication 4, caracterise en ce que lorsque !'ensemble 

motopropulseur fonctionne en mode hybride et que le niveau 

de charge (jauge_batterie) de la batterie (16) est 

precedemment devenu inferieur a un niveau de seuil bas 

10 (seuil_jauge_bas) et n'a pas encore depasse un niveau de 

seuil haut (seuil_jauge_haut), le moteur thermique (10) est 

commande pour fournir un couple de consigne (Ct_ref1) au 

moins egal a un couple optimal (Ct_optimal) correspondant a 
des conditions de rendement optimales du moteur thermique. 

15 23. Vehicule automobile selon l'une quelconque des 

revendications precedentes 19 a 22 prise en combinaison avec 

la revendication 4, caracterise en c;e que lorsque !'ensemble 

motopropulseur fonctionne en mode hybride et que le .couple 

instantane (Cdemande_filtre1) demande par le conducteur est 

20 precedemment devenu superieur a un niveau de seuil haut 

(Chaut) sans etre redevenu inferieur a un niveau de seuil bas 

(Cbas) . en meme temps que le niveau moyen 

(Cdemande_filtre2) est inferieur au niveau de seuil bas (Cbas). 

le moteuf thermique (10) est commande pour fournir un couple 

25 de consigne au mains egc;!I a une valeur filtree du couple 

demande par le conducteur. 

24 Vehicule automobile selon l'une quelconque des 

revendications precedentes 19 a 23,_ caracterise en ce que, si 

une valeur filtree (Ct_ref_int) du couple demande par le 

30 conducteur est superieure au couple maximal (Ct_max) du 

moteur thermique (10). le moteur electrique ( 12) est sollicite 

pour fournir, dans la mesure du possible, la quantite de couple 

manquante (Cdem ~ Ctref). 
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Ce_ref=Cemin 
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Ct_ref = Ct_min 
Rt_inf=O 
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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 

10 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 

15 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. 

20 In the search for vehicles that are less polluting than 

the motor vehicles that comprise only a single heat 

engine, vehicles with hybrid motorization appear as a 

particularly interesting alternative to strictly 

electric-powered vehicles. 

25 

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 

30 accumulator batteries that they have on board. Now, 

given the poor performance levels of currently known 

accumulator batteries, at least those able to be used 

at reasonable cost in a motor vehicle, electric 

vehicles can store only a relatively low quantity of 

35 energy, despite a consistent weight, which gives them 

both poor autonomy and poor performance. 

REPLACEMENT SHEET (RULE 26) 
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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, 

5 satisfactory for normal use of the vehicle. 

There are two main types of hybrid vehicles. 

In series hybrid vehicles, only the electric engine is 

10 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 is 

driven by the heat engine. 

15 

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 

20 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-

25 input gearbox, to the drive wheels of the vehicle. 

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 

30 driven using only the electric engine, or using only 

the heat engine, or even using both engines 

simultaneously. Moreover, in certain configurations, it 

is possible to use the electric engine to start the 

heat engine and the electric engine can also be 

35 "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. 
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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 

10 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. 

15 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 

20 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 

25 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 

30 type described previously, characterized in that, at 

least for certain operating modes of the powertrain 

assembly, the central unit 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 

35 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: 
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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 

hybrid operating mode in 

the powertrain assembly a 

which the central unit 

executes the second task during which it is decided to 

stop or start the heat engine; 

15 - 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 

20 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; 

25 

30 

- the 

taken 

torque 

- the 

decision to stop or start the heat engine is 

in particular according to the instantaneous 

requested by the driver; 

decision to stop or start the heat engine is 

taken in 

requested 

particular according to 

by the driver during a 

the average torque 

predetermined time 

interval preceding the decision; 

35 - the starting of the heat engine is 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 and 
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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 

5 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 

requested by the driver are less than a low threshold 

level; 

10 

15 

- 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; 

20 - 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; 

25 

- 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 

30 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 

35 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; 
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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 

5 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 

10 into account, at least when this torque is greater as 

an absolute value than a minimum value, the efficiency 

of the electric engine; 

- a set point value for the torque supplied by the 

15 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 

20 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 

25 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 

30 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 

35 if the driver provokes an abrupt rise in the requested 

torque; 
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- when the powertrain assembly is operating in 

regeneration mode, the heat engine is ordered to supply 

a maximum torque; 

5 - 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 level, the heat 

engine is ordered to supply a set point torque at least 

10 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 

15 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 

20 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, 

25 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 be interpreted with 

30 reference to the appended drawings in which: 

35 

- figure 1 is a schematic 

architecture of a motor 

motorization, of parallel type; 

view illustrating the 

vehicle with hybrid 

- figure 2 is a view similar to that of figure 1 

illustrating a series type hybrid vehicle; 
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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 

5 vehicle; and 

10 

15 

20 

25 

30 

- 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 is electrically linked to a 

battery 16 borne by the vehicle, possibly via an 

inverting converter 17. 

rotate an input shaft 

unit 22 of which the 

The two engines 

18, 20 of a power 

output shaft ( s} 2 4 

10, 12 each 

distribution 

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 

35 electric engine 12, 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 
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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 

5 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 

10 unit (not shown). The electric engine 12 can be powered 

with electrical energy by the battery 16 or by an 

electricity generator 26 which is driven by the 

electric engine 12. 

15 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 

20 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 concerning the 

status of each of the units, information concerning the 

25 status of the vehicle and information concerning the 

requirements of the driver. 

The main purpose of the central management unit is to 

control the two engines 10, 12 so as to make best use 

30 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 

35 acceleration and deceleration of the vehicle, this 

requirement preferably being represented by a motor 

torque Trequested on the drive wheels. 
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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 

5 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 

10 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 

15 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. 

20 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 

25 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 

30 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 

35 described below according to two embodiments, one of 

which is more particularly suited to a parallel type 

hybrid yehicle illustrated in figure 1, and the other 

of which is more particularly suited to a series type 

hybrid vehicle illustrated in figure 2. 
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The first of these two strategies uses a series of 

variables which are listed and explained in the table 

below. 

Notation Moaning Units 

Cl to C4 Constants for calculating Tlow and Thigh according to Nm 

batterv qauqe 

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 

filter! 

Trequested_ Slow response time filtered value of Trequested Nm 

filter2 

Te_ref Electric motive torque set point (positive for traction, Nm 

neqative for reqenerative brakinq) 

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 Uooer torm,e 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) 

Thmax Maximum electrical torque given mode selected (positive) Nm 

\ 
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Thmin Minimum electrical torque given mode selected (negative) Nm 

D lower Intermediate value in calculatinq Th ref Nm 

D hiqher Intermediate value in calculating Th ref Nm 

Request electric Electric enqine start reauest Boolean 

Reouest heat Heat enqine start request Boolean 

Battery_mode_hyst Intermediate quantity for determining h_recovery 

(electric, hybrid) 

Torque_mode_hyst Intermediate quantity for determining h_running -
(electric, hvbrid) 

battery qauqe State of charge of the traction battery % 

Kickdown Request for additional electrical acceleration Boolean 

reauested (regeneration mode) 

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

I 

N Electric motor rotation speed rad/s 

PbatMaxD Maximum discharqe power of traction battery (positive) w 

PbatmaxR Maximum recharqe power of traction batterv (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 I 

threshold 

h_recovery Determines whether the heat engine contributes to Boolean 

charqinq the battery 

h_regeneration Determines whether the heat engine contributes to Boolean 

strongly charging the batterv 

h running Determines whether the heat engine contributes to runninq Boolean 

Figure 3A illustrates the two main tasks that are 

executed in parallel with each other, at different 

frequencies. Of course, the frequencies of 1 Hertz and 

5 25 Hertz given here for on the one hand the task 1100 
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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, i2 are nonlimiting 

examples used to illustrate the choice according to 

5 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 

10 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 

15 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 

20 remains representative of the instantaneous value 

Trequested. However, the value 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. 

25 

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, 

30 request_electric and request_heat (task 1130). 

These lower level tasks will be explained below.· 

Once these values have been determined, a test is 

35 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, the 
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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 

5 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 

10 

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 

whether the filtered 

is first of all made to see 

value Trequested_filterl, 

15 representative of the instantaneous torque requested by 

the driver, is greater than the upper threshold level 

Thigh. If it is, 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 

20 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 

25 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 

30 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 

35 variable h_recovery will now be described with 

reference to figure 30. 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, is less than a lower threshold value 
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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 

5 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. 

10 

In the step 1125, a check is made to see whether the 

variable battery_mode_hyst is equal to the value 

"hybrid". If it is, the h_recovery value is forced to 

the value 1 in the step 1127. If not, this variable is 

15 forced to the value zero in the step 1126. 

The task 1130 is described with reference to figure 3E. 

The purpose of this task is to determine the value of 

the boolean variables h_regeneration, request_electric 

20 and request_heat. 

According to an aspect of the invention, the management 

strategy for the powertrain ass~mbly of the hybrid 

vehicle that is proposed here is used by the driver to 

25 select one of three operating modes for the powertrain 

assembly. 

30 

35 

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 variable 

"electric", the variable request_electric is forced to 

the value "true", the variable request _heat is forced 

to the value "false" and the variable h_regeneration is 

forced to the value "0". 

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 charge 
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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 

5 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 

10 seen below. 

In this mode, 

to the value 

forced to the 

the variable request_electric is forced 

"true". The variable request_heat is 

value "true" if one or other of the 

15 variables battery_mode_hyst and torque_mode_hyst is 

equal to the value "hybrid". Otherwise, 

request_heat is forced to the value 

the variable 

"false" . The 
I 

variable h_regeneration is forced to the value "0". 

20 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 vehicle, this 

second task being executed at a frequency fast enough 

to be able to satisfy the requirements of the driver. 

25 

This second task 1200, which consists in determining 

the---~~-- p.9int 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 

30 explained respectively in Figures 3G to 3H and 3I to 

3K. 

As can be seen in Figure 3G, the purpose of the task 

1210 is to determine the limiting motive torques for 

35 the electric engine and the heat engine. In the step 

1211, a check is first of all made to see whether the 

heat engine is available. If it is, limiting torque 

variables Thmax and Thmin for the heat engine are 

respectively assigned the values Th traction max and 
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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 forc~d to zero in the step 1217. 

10 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 

15 engine; 

1 
- PbatmaxR X 

N 

The maximum torque value of the electric engine is 

20 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 variable 

h_regeneration is equal to 1, that is, whether the 

driver has selected the regeneration operating mode for 

25 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 

30 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 

35 step 1216d to the smaller of the values: 

1 
- PbatmaxD x 

N 
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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-

s 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: 

10 

15 

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. 

20 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 value is 

25 greater than the value Thmax. If it is, in the step 

1222c, 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. 

30 

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 

35 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. 
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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 

5 step 1222h. 

Then, in the step 1222i, 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 

10 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 

15 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 

20 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 ste~ 1222i, 

a check is then made in the step 12220 to see whether 

25 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 

30 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 

1222s, the variable Th_ref is set to be equal to the 

35 value Th min and the variable Rh lower is set to the 

value 

equal 

- -
zero. If not, 

to the value 

the variable Th ref is set to be 

Thrnin+D lower and the variable 

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

5 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 

10 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 if the driver commands a torque 

15 requested of the wheel that is high enough for the 

variable Trequ~sted_filterl to be greater than the high 
p - .... 

threshold level Thigh. Similarly, it can be deduced 

from the steps 1122 and 1121 that the heat engine is 

started when the state of charge of the battery falls 

20 below a lower threshold level. However, with this first q, \lc.\...ft·) 

strat~gy7'"the· stopping of the heat engine is provoked~ ~\vu\,~ 
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 

25 threshold level 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 

30 

35 

level. ·-·---.. -~---..,....,..,...._.,.,,... ·· 

Thus, according to this 

the decision to start 

strategy, it can be seen that 

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 value of the 

torque Th_ref which will be requested of the heat 

engine depends on the variables h_running and 
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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 

5 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 

10 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 

15 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 value of the variable h_running is equal 

to 1 so that, in these conditions, the value of Th_refl 

20 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 

25 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. 

30 

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 

35 hybrid vehicle. This second strategy uses a series of 

variables that are listed and explained in the table 

below. 
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Trequested or Torque requested by the driver (positive for Nm 

Treq acceleration, neqative for deceleration) 

Te_ref Torque set point of the electric engine (positive for Nm 

traction, neqative for regenerative brakinq) 

Difference T Difference between Tref and Treauested 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 qenerator 

Ibat Current output by the battery (discharge: positive, A 

charge: negative) 

Iqe Current output by the electricity qenerator (positive) A 

Mode_selected Operating mode selected by the driver (electric, hybrid -
or regeneration) 

N Rotation speed of the electric enqine rad/s 

Pbat_requested Power requested of the traction battery (discharge: w 

positive, charge: negative) 

Pbat possible Proportion of Pbat reauested that the battery can supply w 

PbatmaxD Maximum discharge power of the traction battery w 

(positive) 

PbatmaxR Maximum charge power of the traction battery (negative) w 

Pel Power absorbed by the electric engine (traction: w 

oositive, regenerative braking: negative) 

Pel reauested Electrical power reauired to supply Creauested w 

Pel filterA Rapid response time filtered value of Pel w 

Pel filters Slow resoonse time filtered value of Pel w 

Pel possible Proportion of Pel reauested that the system can suooly w 

Pqe reqA Intermediate estimate of the Pqe ref value w 

Pge_reqB Value of the power requested of the electricity generator w 

determining 

Stop GE reauested and start GE requested 

Pqe max Maximum power that the electricity generator can suooly w 

Pge min Minimum Power that the electricity <Jenerator can SUPPlY w 

Pge ref Power set point of the electricity generator w 

Pmec Mechanical power suoolied bv the electric enaine w 

Pmec_requested Mechanical power to be supplied corresponding to w 

Treauested 
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Pmin Absolute value threshold of the power below which R is w 

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 -

soc State of charqe of the traction battery % 

soc ref Reference state of charqe of the traction batterv % 

u Traction battery voltaqe % 

As can be seen in figure 4A, the central management 

unit of the powertrain assembly 

three main tasks. The first 

is required to execute 

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 

10 in parallel. Its interval is 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 

15 point of the .,,electricity generator Pge_ref is 

determined. Its execution period is, 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. 

20 

The first of these main tasks is described with 

reference to figure 48. 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 

25 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 

3 0 power absorbed by the electric engine is determined. 
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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 

5 the voltage 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. 

10 In 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 Prnec requested is 

15 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 power Pmec 

is greater than a threshold value Pmin. If it is, in 

20 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 Prnec. If not, the value of this 

efficiency is set arbitrarily to 1 in the step 2116. 

25 

In the step 2117, a filtered value R filter of this 

efficiency is determined, for example using a first 

order filter. 

30 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. 

35 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. 
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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, 

5 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 

10 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: 

15 - the maximum discharge power of the battery (PbatmaxD) 

and 

- the minimum value between: 

20 * the power requested of the battery 

(Pbat_requested); 

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

25 In the step 2105, the electrical power that the system 

must supply is then determined, this value being the 

smaller of the following two values: 

30 

- 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. 

35 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. 
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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 

5 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 

10 operating mode selected by the driver of the vehicle. 
, .. ~--........... _ .. ~ ...,.. 

15 

20 

25 

30 

In the s°tep-· 0

2315, a difference value between this 

reference state of charge Soc_ref and the real state of 

charge is determined. In the step 2316, the battery 

power requested is defined as being a filtered value of 

this difference, for example using 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. 

The task for deciding to star ~~!)~op the heat engine 

then continues at step 2201 Ji~ 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 

torque actually applied to the drive 

electric engine. This calculation 

driver 

wheels 

of the 

and the 

by the 

value 

35 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 
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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 

5 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 

10 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 is satisfied, then the boolean variable 

15 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 

20 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 

25 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. 

30 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 

35 Pel f il terA. In 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 the 
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smaller of the value Pge reqA, calculated in the step 

2303, and the maximum power able to be supplied by the 

generator Pge_max. 

5 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 

10 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); 

15 - the motive torque requested, because the value 

Service_difference depends naturally on this requested 

torque (see steps 2211 and 2212); and 

- the difference between the service supplied by the 

20 system and that requested by the driver. 
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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 uni~ 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. 

2. 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. 

3. 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). 
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4. 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. 

5. 

6. 

7. 

The motor vehicle as claimed in claim 4, 

characterized in that the decision to stop or 

start the heat engine (10) 

according to a state of 

soc) of the battery (16). 

The motor vehicle as 

is taken in particular 

charge (battery_gauge, 

claimed in claim 5, 

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. 

8. 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. 
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9. 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 

·~rHij
0

iiHfl~fi~ fiifGri' raQij··u~iti~ ~)-- t~i ~fi~ii i~ fr~ tl~5tE~ rrrccrr re acocca D ono crr]101 11 
no aoooom n110111J ,,111111,1 

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). 

10. The motor vehicle as claimed in claim 6 taken in 

15 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 

20 (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). 

25 11. 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 

30 (Trequested) by the driver and the torque actually 

supplied by the powertrain assembly. 

35 

12. 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 
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13. 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). 

10 14. 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 

15 the real (soc) and reference (soc_ref) states of 

charge of the battery, taking into account 

limiting charge (PbatmaxR) and discharge 

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

20 15. 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 

25 

30 

35 

(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). 

16. 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 
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power (Pge_max) 

generator (26). 

able to be supplied by the 

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 is 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 value (Tref) for 

the torque supplied by the 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. 

19. 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 d~ive wheels. 
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20. The motor vehicle as claimed in claim 19 taken in 

combination with claim 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). 

21. The motor vehicle as claimed in either of claims 

10 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 torque 

(Th_maximum). 

15 

20 

25 

22. 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. 

23. The motor vehicle as claimed in any one of the 

30 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 _ f il terl) 

requested by the driver has previously risen above 

35 a high threshold level (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 

engine (10) is ordered to supply a set point 
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torque at least equal to a filtered value of the 

torque requested by the driver. 

24. The motor vehicle as claimed in any one the 

5 preceding claims 19 to 23, characterized in that, 

if a filtered value (Th_ref_int) of the torque 

requested by the driver is greater than the 

maximum torque (Th_max) of the heat engine (10), 

the electric engine (12) is required to supply, 

10 wherever possible, the quantity of torque lacking 

(Treq - Thref) . 
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1200 
Determination of the torque of 

the electric engine Te_ref 
and of the torque set point 
of the heat engine Th_ref 
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FIG.3B 
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1100 
Decision to start or stop 

the heat engine 

1101 
Trequested_fllter1 

1102 
Trequested_filter2 

1110 
Determination-of h.=_running· 

1120 
Determination of h_recovery 

1130 
Determination of h_regeneration, 

request_electrlc and 
request_heat 

no l 

1104 

yes 
· h_running=O 
· h_regeneration=O 
h_recovery=O. 

REPLACEMENT SHEET (RULE 26) 
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Determination of h_regeneration, 
request_electric and request_heat 
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according to mode_selected 

Electric case 
torque_mode_hyst=Electric 
battery_mode_hyst=Electric 
request_electric=TR U E 
request_heat=FALSE 
h_regeneration=O 

Hybrid case 
request_ electric=TR U E 
if (battery_mode_hyst=hybrid or 
torque_mode_hyst=hybrid) 

request_heat=TR U E 
else 

request_heat=FALSE 
end if 
h_regeneration=O 

Regeneration case 
torque_mode_hyst=hybrid 
battery_mode_hyst=hybrid 
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request_heat=TR U E 
h_regeneration=1 

end according to 
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FIG.3E 



BMW1012 
Page 815 of 1654

7/20 

1200 
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 Tema>c, Temin 
and heat engine torques 

Thma>c, Thmin 

. .1220. ... 

'. Calculation of Te_ref and Th_ref 

REPLACEMENT SHEET (RULE 26) 

FIG.3F 



BMW1012 
Page 816 of 1654

8/20 

1210 
Determination of the limiting electric engine 

torques Temax, Temin heat engine 
torques Thmax, Tomin 

121 
Thmax=Th traction max 

. Thmin=Th)raction:min 

yes 

· 1215 
Temin=max(PbatminR·(1/N), Tel_braking_max) 

1216 
petermination.,otT er:n~_-,-· 

REPLACEMENT SHEET (RULE 26) 

no 

1213 
Thmax=O 
Thmin=O 

no 

12i7 
Temax=O 
Temin=O 

.~.~-' -·;:.: 



BMW1012 
Page 817 of 1654

no 

1216c 
Temax=O 

9/20 

1216 
Determination of Temax 

yes 

y~s 

1216d 
Temax=min(PbatmaxD*(1/N), Tel_traction_max) 

REPLACEMENT SHEET (RULE 26) 

no 



BMW1012 
Page 818 of 1654

10/20 

1220 
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 

REPLACEMENT SHEET (RULE 26) 

FIG.31 



BMW1012 
Page 819 of 1654

llfl~ 
1221 

Calculation of intermediate heat 
e'ngine torque set point: 
. I lh_ref_int 

1221a 

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

·
11221b 

Th_ref_int(t+ T) 

REPLACEMENT SHEET (RULE 26) 



BMW1012 
Page 820 of 1654

12/20 

1222 
Adjustment of Te_ref and Th_ref 

l222a 
Th_ref=Jh_ref_int FIG.SK 

NO 

1222d 

Rh_upper=Thmax-Th_ref 

NO 

1222g . 
Rh_lower=Th_ref -Ctmin 

1222h 
Te_ref=Treq-Th_ref 

Re_upper=Temax-Te_ref 
Re_lower=Te_ref -Temin 

NO 

• I 
I 

YES 

YES 

1222c 
Th_ref=Thmax 
Rh_upper=O 

1222f 
Th ref=Thmin 
Rh_lower=O 

1222j 
D_higher-Rh_upper+Re_upper 
Te_ref=Temax 
Re_upper-0 
Re_lower-Temax-Temin 

REPLACEMENT SHEET (RULE 26) 
\ 



BMW1012 
Page 821 of 1654

FIG~3K 

NO 

13/20 

NO 

1222m 
Th_ref=Th_max-D _"tligher 

Rh...,_upper=~_higher 

YES 

YES 

12221 
Th_ref=Th_max 

Rt_ypper=O 

1222p 
D_lower=Rh_lower+Re_lower 

Te_ref=Temin 
Re_upper-Temax-Temin 

Re_lower=O 

NO 

1222r 
. Th_ref=Th_min+D_lower 

Rh_lower=D_lower 

YES 

1222s 
Th_ref=Th_min 

Rh_lower=O 

REPLACEMENT SHEET (RULE 26) 



BM
W

1012 
Page 822 of 1654

2100 

Determination of the 
electric engine torque set point . 

2200 

Decision to start or 
stop the heat engine 

FIG.4A 

2300 

Determination of the 
power set point for the 

electricity generator Pge_ref ..... 
~ 
......... 
N 
0 



BMW1012 
Page 823 of 1654

FIG.4B 

15/20 

2100 
-Determination of the torque set point 

for the electric engine 
Te ref 

2110 
Calculation of the necessary electrical power 

Pel_requested 

: Pbat_requested=Pel_requested-Pge 

no 

2104 
Pbat_possible=min(Pbatmaxd, 

max(Pbat_requested, PbatmaxR)) 

2107 
Te_ref_ Trequested 

21\()5 
Pel__possible=min(Pengine_max, Pbat__possible+Pge) 

', 

21tl5 
•: 

Te_ref=(pel_possible/Pel_requested)*Trequested 

REPLACEMENT SHEET (RULE 26) 



BMW1012 
Page 824 of 1654

16/20 

2110 
Calculation of the necessary 

electrical power Pel_requested 

2111 
Pel=U•(Ibal+lge) 

2112 
pmec=Te_ref 

2113 
Pmec_requested=Trequested*N · 

2115· 
R=:=abs(Pel/Pmec) 

···2117 
· R_filter(t+ T)=f*R_filter(t)+(1-f)*R(t+ T) 

2118 
Pel_requested=R_filter*Pmec_requested 

no 

FIG.4C 

REPLACEMENT SHEET (RULE 26) 

2116 
·R=l 



BMW1012 
Page 825 of 1654

17/20 

2200 
Decision to start/stop the 

electricity generator 

2310 
Calculation of the requested battery · 

charge power Pbat_requested 

2201 
Pel=?U*(Ibat+lge) 

I 

2202 
Pel_filterB 

2210 
Calculation o( the difference between the 

torque requested by the driver and the 
torque actually applied: 

Service_difference 

2203 
Pge_reqB=c*Pbat_requested+d*Pel_filterB+e*Service_difference 

yes 

· 2205 
. GE_requested=TRUE 

"no 

. 2206 
GE_requested=FALSE: 

REPLACEMENT SHEET (RULE 26) 



BMW1012 
Page 826 of 1654

.·. 

18/20 

2210 
Calculation of the difference between the 

torque requested by the driver and 
the torque actually applied: 

Service_ difference 

," .· . 

z211 · 
Difference_ T=TRequested-Te_ref 

· ·2212 
Service_ difference 

FI.G.4E 

REPLACEMENT SHEET (RULE 26) 



BMW1012 
Page 827 of 1654

,: 

FIG .. 

. . 

19/20 

3 
Determination of the power set 
point for the electric generator 

Pge_ref 

23iO 
Calculation of the battery charge 

power requested 
Pbat_requested 

2~ 01 
Pel=U•{ige+lbat):- ~ 

2302 
Pel_filterA 

.. .. 
·.' 

. •'• 
2;3.Q3. ; .. 

Pge_reqA=a*Pbat_requested+b*Pel_filterA 

2304 
Pge_ref;;min(Pge_max, Pge_reqA) 

4F 
.End. 

REPLACEMENT SHEET (RULE 26) 



BMW1012 
Page 828 of 1654

Electric 

2312 
soc_ref=E% 

20/20 

2310 
Calculation of the battery 
charge power requested: 

Pbat_requested 

Hybrid 

2313 
soc_ref=H% 

2315 
Soc_diff"'soc_ref-soc 

.. 2316 
Pbat_requested 

Regeneration 

2314 
soc_ref=R% 

2317 
Pbat_requested,:;min(PbatmaxD, max(PbatmaxR, Pbat_requested)) 

FIG.4G 

REPLACEMENT SHEET (RULE 26) 



BMW1012 
Page 829 of 1654

Translator's Report/Comments 
Your ref: P038141EP: REJ /GJS/CLM Your order of (date) 25/05/05 

In translating the above text we have noted the following apparent errors/unclear 
passages: 

4/26 

5/7-8 

12 

(table) 

14/6 

14/11-12 

14/30 

15/12 

29/19 

5/21 

30/25-26 

Comment 

"et en ce que l'arr@t ... " should read "et l'arr@t 

" 

"Seuil Faut de jauge" ~ "Seuil haut de jauge" 

"valeur booleenne hyst_mode_couple" should read 

"variable booleenne ... " 

"valeur booleenne th_roulage" should read 
"variable booleenne ... " 

"la valeur th_recuperation" should read "la 

variable th_recuperation" 

"variable « electrique »" should read "valeur 

« electrique »" 

"seuil_jauge_bas" should perhaps read 
"seuil_jauge_haut" 

"en fonctionnement du mode de 
read "en fonction du mode de ... " 

"should perhaps 

• Tllis Identification refers to the source text. 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 llne 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 Fis, 1 

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 th~ clutch motor (30) and a target 
engine torque and a target engine speed of the engine 
(50) to ~ke the engine (50) kept at an idle. The assist 
motor (40) is controlled 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). 
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Description 

BACKGROUND OF THE INVENTION 

s Aeld of the Invention 

10 

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 

15 transmitted to the drive shaft (as disclosed in, for example, JAPANESE PATENT LAYING-OPEN GAZETTE No. 53-
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 spark ignition, thereby starting the engine 
and enabling the engine to supply power. When the vehicle speed is lowered and the revolving speed of the motor 

20 decreases to 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 drive 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 

25 output from the motor is used to crank the engine, and the torque output to the drive shaft 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 time of starting or stopping the engine. Coll1)ared with the expected variation, the 

so 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 

35 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 
40 power to a drive shaft. The first 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 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 con· 
nection of the first rotor and the second rotor; a first motor-driving circuit for controlling degree of electromagnetic con-

45 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 connected with the drive shaft; a second motor-driving circuit for driving and controDing 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 drwe the second 

50 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
ling the second motor-driving circuit to eriable the second motor to use power stored in the storage battery and make 

55 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 deaease 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. 

2 
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Toe first power output apparatus of the i.nvention 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 deaeased. Toe second 
motor is then controlled to make up for the decrease in transmitted power, which is accompanied by the decrease in 

5 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 

10 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. Toe second power output apparatus comprises: an engine having an output shaft; engine driv­
ing means for driving the engine: a corrplex motor comprising a first rotor connected with the output shaft of the engine, 

15 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 constiMing 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· 

20 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 

25 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 

30 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 

35 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 
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. 

40 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 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. 

45 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 shaft of the engine and the drive shaft via an electromagnetic con-

so 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, 

55 discharging power required to drive the first motor via the first motor-driving circuit, and discharging povver required to 
drive the second motor via the second motor-driving circuit; power decrease signal detection means for detecting power 
decrease signal to deaease power output from the engine; engine power decreasing means tor, 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 

3 
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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. 

Toe third power output apparatus of the invention can efficiently transmit or output the power from the engine to the 
s 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 
10 meane for,controlfing 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 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-

15 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 ou1put apparatus comprises: an engine having an ou1put shaft; engine driving 
means for driving the engine; a complex motor comprising a first rotor connected with the ou1put shaft of the engine, a 

20 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 
25 charged with power regenerated by the seoond 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·th~ power decrease signal, controlling the engine driving means in response to the signal to grad-

30 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 ou1put the power from the engine to 
35 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 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. The struc-

40 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 oomprises 
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 

45 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 :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. 

so 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 
first rotor. whereby power is transmitted between the output shaft of .the engine and the drive shaft via an electrornag-

ss 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 deaease signal, to gradually decrease the degree of electromagnetic connection of the first rotor 

4 
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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 accorrpanied 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 

s 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 q:,eration 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 q:,eration 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 

10 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 pov.,er to a drive shaft The second niethod comprises the steps of: (a) providing an engine 
having an output shaft; engine driving means tor driving the engire: 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 

15 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: (c) 

20 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 (c). 

In accordance with one aspect of the second method, the step (d) further comprises the steps of: (e) controlling the 
25 first motor to enable the first motor to make up tor 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. 

30 

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; 

35 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; 

40 Fig. 5 is a flowchart showing a torque control routine executed by the controller 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 controller 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 

45 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 209 as a second embodiment accord­

. ing to the present invention: 
Fig. 13 is a flowchart shO'Ning a torque control routine executed by the controller 80 in the second embodiment; 

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

·~- 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 200 as another modification of the second embodiment. 

55 DESCRIPTION OF TI-IE 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 

s 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 air/fuel mixture is converted to rotational 
motion of a crankshaft 56. The throttle 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 air/fuel mixture. 

10 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 throttle valve 66, a manifold vacuum sen­
sor 72 for 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-

ts uring the revoMng 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 
(descnbed later in detai~. The drive shaft 22 further connects with a cflfferential gear 24, which eventually transmits the 

20 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 motor 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-

25 cedure including a communication protocol will be described later. 
Referring to Fig. 1, the poNer 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 34thereof is mechanically linked with the rotor 42 of the assist 

30 motor40. 
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 

35 measuring a rotational angle 6e of the crankshaft 56 is.attached to the crankshaft 56. The resolver 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 

4o 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-phase 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 shaft of the power output apparatus 20. A resolver 48 for 
measuring a rotational jingle 8d of the drive shaft 22 is attached to the drive shaft 22, which is further supported by a 
bearing 49 held in the casing 45. 

45 The inner rotor 34 of the dutch 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 SO are transmitted via the 
outer rotor 32 .to 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 
so 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 59b, 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 

ss 37A and 378. 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 transfomier 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 

10 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 control procedures of the dutch motor 30 and the assist motor 
40 will be described tater based on the flowcharts. 

15 As mentioned above, the clutch motor 30 and the assist motor 40 are driven and controlled 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 induding 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-

20 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 ee of the crankshaft 56 of the engine 50 from the resolver 39, a rotational angle 8d 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 

25 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 

so terminals of the battery 94 and measuring an internal resistance againstthe electric current 
The control CPU 90 outputs a first control signal SW1 for driving six transistors Tr1 through Tr6 working as switching 

elements of the first driving circuit 91 and a second control signal SW2for 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 

35 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. Toe 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 form a 

40 rotating magnetic field. 
The six· transistors Tr11 through Tr16 in the second driving circuit 92 also constitute a transistor inverter and are 

arranged in the same manner as the transistors Tr1 through Tr6 in the first driving circuit 91. The three-phase coils 
(U, V, W) 44.of the assist motor 40 are connected to, the respective contacts of the paired transistors. The second control 
signal SW2 output from the control CPU 90 successively controls the _power-on time of the paired· transistors Tr11 

45 through Tr16. The electric current flowing through each coil 44 undergoes PWM to give a quasi-sine wave, which ena­
bles the three1)hase coils 44 to form a rotating magnetic field. 

The power output apparatus 20 thus constructed works in accordance with the operation principles 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 

50 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 dutch 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. 

55 As the control CPU 90 of the controller 80 outputs the first control signal SW1 to control on and off the transistors 
Tr1 through Tr6 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 revolving speed Ne of the crankshaft 56 of the engine 50 and a 
revolving speed Nd of the drive shaft 22 (that is, difference Ne ( =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 crankshaft 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 

5 regenerated by the clutch motor 30, the control CPU 90 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 stip in the clutch motor 30 or the revolving speed difference Ne ( =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 absolute value of the revolving speed cflfference Ne ("'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 90 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 driveri 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 Tl. 

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 enE!rgy 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 control process illustrated 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 control CPU 90 of the controller 80 first receives data of 
revolving speed Nd of the drive shaft 22 at step S100. The revolving speed Nd of the drive shaft 22 can be computed 

40 from the rotational angle 6d 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 sensor 65 at step S101. The driver steps in the accelerator pedal 
64 when. feeling insufficiency of output torque. The value of the accelerator pedal position AP accordingly corresponds 
to the desired output torque (that is. torque of the drive shaft·22) which the driver requires. At subsequent step S102, 
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 S103, an energy Pd to be output to the drive shaft 22 is calculated according to the expression Pd= Td*xNd; 
50 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 so 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 operation of the engine 50 at the possible 
highest efficiency. 

8 



BMW1012 
Page 838 of 1654

I; .... 

EP O 743 211 A2 

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 req~ired 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 

s torque Te* of the engine 50. 

After setting the torque command value Tc* of the clutch motor 30 at step S106, the program proceeds to steps 
S108, S110, and S111 to control the dutch motor 30, the assist motor 40, and the engine 50, respectively. As a matter 
of convenience. the control 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 carried out comprehensively. For example, 

10 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 50 concurrently. 

The control of the clutch motor 30 (step S108 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 8d of the drive shaft 22 from the resolver 48 at step S112 and a rotational 

15 angle ee of the crankshaft 56 of the engine 50 from the resolver 39 at step S114. The control CPU 90 then computes a 
relative angle 8c of the drive shaft 22 and the crankshaft 56 by the equation of 8e=8e-8d at step S116. 

The program proceeds to.step $118, 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 

20 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 S120, 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: 

25 

[
Ide, =J2[-sin (ec-120) sin ecl[luc, 
lqcJ -cos (8c - 120) cos.eel lvcJ 

(1) 

3o 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 Ide and lqc actually. flowing through the d and q axes from 
current command values Ide· and lqc* of the respective axes, which are calculated from the torque command value Tc* 

35 of the clutch motor 30, and determines voltage command values Vdc and Vqc for the d and q axes at step S122. In 
accordance with a concrete procedure, the control CPU 90 executes operations following Equations (2) and Equations 
(3) given below: 

40 

45 

Aide= Ide* - Ide 

Alqc = lqc* - lqc 

Vdc = Kp1 • aide+ r..Ki1 •·aide 

Vqc = Kp2 • Alqc + I.Ki2 • Alqc 

(2) 

(3) 

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

The voltage command value Vdc (Vqc) includes a part in proportion to the deviation Al from the current command 
50 value I* (first term in right side of Equation (3)) and a summation of historical data of the deviations Al for r 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 transformation) at step S124. This corresponds to an inverse of the transformation 
executed at step S120. The inverse transformation determines voltages Vue, Vvc, and Vwc actually applied to the three­
phase coils 36 as given below: 

55 

[
Vuci fir cos 8c -sin 8c J[VdC"j 
VvcJ = 43Lcos (8c -120) -sin (8c-120) VqcJ 
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The actual voltage control is executed through on-off operation of the transistors Tr1 through Tr6 in the first drMng 
circuit 91. At step S126, the on- and off-time of the transistors Tr1 through Tr6 in the first drMng circuit 91 is PWM (pulse 

s 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 Ne ( =Ne-Nd ) is positive, the clutch· motor 30 is controlled to 

10 carry out the regenerative operation and.produce a regenerative current corresponding to the revolving speed differ­
ence Ne. 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 Ne ( :::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 spj:!ed difference Ne. For the positive torque command 

15 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· 

20 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 0c is varied in the reverse direc-

25 tion at step $126. 
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 progra.,m 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 8d of the drive shaft 22 read from the resolver 48. The control 

30 · 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 from the rotat,ional angle 8e 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 cornmunication with the EFIECU 70, which connects with the speed sensor 76. · 

A revolving speed difference Ne between.the. input revolving speed Nd of. the drive shaft 22 and the input revolving 
35 speed Ne of the engine 50 is calculated according to the equation, Nc=Ne-Nd at step S133. At subsequent step S134, 

electric power (energy) Pc regenerated·or consumed by the clutch motor 30 is calculated according.to Equation (5) 
given as: 

40 

45 

Pc= Ksc x NcxTc (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 Ne 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 

so 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 S136, the program proceeds to 

ss step S140 in the flowchart of Fig. 8. The control CPU 90 reads the rotational angle ed of the drive shaft 22 from the 
resolver 48 at step S140, and receives data of assist motor currents lua and Iva. 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 S142. The 
control CPU 90 then executes transformation of coordinates for the currents of the three phases at step S144, com­
putes voltage command values Vda and Vqa at step S 146, and executes inverse transformation of coordinates for the 
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voltage command values at step S148. At subsequent step S150, the control CPU 90 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 S126 of the dutch 
motor control routine shown in the flowchart of Fig. 6. 

5 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 is. when the vehicle moves back. The torque command value Ta· of the assist motor 40 is pos· 

10 itive when a positive torque is applied to the drive shaft 22 in the direction of rotation of the crankshaft 56. 
The control of the engine 50 (step S111 in Fig. 5) is executed in the 1011owing manner. In order to attain stationary 

driving at the target engine torque Te· and the target engine speed Ne· (set at step S104 in 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 
re• and the target engine speed Ne·. respectively. In accordance with a concrete procedure, the control CPU 90 sends 

15 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 tar· 
get engine torque re• 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. 

20 -Charging control of the battery 94 starts when the residual capacity BRM of the battery 94 becomes equal to or 
less·ihan 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 actied to the output energy Pd calculated at step $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-

25 cu lated at step S 134 in the assist motor control routine of Fig. 7. The processing at step S 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 

30 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 S104 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 S134 in the assist motor control 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 

35 be discharged with the discharging energy Pbo. 
Discharge control of the battery 94 is implemented, tor 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 

4o 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 repeatedly at pra:letermined 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 

45 than the discharge-initiating value BH or a clear instruction from the driver as a stop signal to stop operation of the 
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 8160 and computes an output torque 
command value Td* corresponding to the input accelerator pedal position AP at step S162. The torque command value 

50 re• of the clutch motor 30 is corrpared with a subtraction amount ,He 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 .6.Tc. The subtraction amount .6.Tc 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 s10p operation of the engine 

ss 50. the torque command value Tc* of the clutch motor 30 is generally greater than the subtraction amount .o.Tc since 
the clutch motor 30 transmits the torque Te of the engine 50 to the drive shaft 22. 

When the torque command value Tc* of the clutctl motor 30 is greater than the subtraction amount .6.Tc, the pro­
gram proceeds to step $166 at which the control CPU 90 sutitracts the subtraction amount .6.Tc from the torque com-
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I~ 

mand value Tc* set in the previous cycle of this routineito determine a new torque command value Tc* of the clutch 
motor 30 as expressed by Equation (7) given below: I 

. I 
I 

5 

New Tc* = Previous Tc· - t:,. Tc 
i 
I 

At subsequent step $168, the control CPU 90 further calculates the torque command value Ta· of the assist motor 40 
• I 

by subtracting the new torque command value Tc* from the output torque command value Td* as expressed by Equa-
tion (8) given below: J 

(7) 

I 
Ta*= Td· - Tc* 

I 

10 (8) 

The control CPU 90 computes a new output energyJPd of the engine 50 by subtracting a subtraction amount b.Pd 
from the output energy Pd set in the previous cycle of this routine at step S170. The output energy Pd of the engine so 
is decreased by the subtraction amount b.Pd e1ery time Jmen this routine is executed. The output energy Pd thus grad-

1 s ually decreases to the non-loading state. In this embodirilent, in order to allow the target engine torque Te* and the tar­
get engine speed Ne* of the engine 50 to gradually ap~oach the idling state, the subtraction amount b.Pd is set to be 
a little greater than the value calculated according to Equation (9) given below: 

I 
I 

b.Pd = b.Tc X Ne 
I 
i 

At step S172, the control CPU 90 sets the target engine torque Te* and the target engine speed Ne* of the engine 

(9) 
20 

50, based on the torque command value Tc* of the clut~ motor30 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 erigine 50. The target engine speed Ne* is calculated according 

2s to Equation (10) given below: I 
I 

Pd= Te* x Ne* (10) 

As described previously,-the subtraction amount .1.Pd iJ set to be a little greater than the product of the subtraction 
I 

30 amount a Tc and·the revolving speed Ne of the engine 50 in this:embodiment This means that the target engine speed 
Ne* is set to be a little smaller·than the actual revolving ~eed Ne of the engine 50. Provided that the subtraction amount 
.1. Tc is set equal to the value calculated by Equation (9)l the target engine speed Ne* is equal to the actual revolving 
speed Ne of the engir,e 50. In this case, the revolving sp;eed Ne of the engine 50 is unchanged while the target engine 
torque Te* is decreased. I 

35 After setting the torque command values Tc* and Taj and the target engine torque Te* and the target engine speed 
Ne*, the control-CPU 90 controls the clutch motor 30 (step S174), the assist motor 40 (step S176), and the engine 50 
(step S178) to attain these values. The control of the cl~ch motor 30 executed at step S174 follows the clutch motor 
control routine shown in the flowchart of Fig. 6. The repeated execution of the engine stop-time torque control routine 
makes the target engine speed Ne* .of the engine 50 eqJa1 to or less than the revolving speed Nd of the drive shaft 22. 

I 

40 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*. 

The control of the assist motor 40 executed at step S 176 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. S136 

45 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 torque 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*. The deficiency is supplied by the power stored in the battery 94. 

50 Irrespective of the output energy Pd of the engine.SO, 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. 

55 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 .1.Tc 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 90 sets the torque command value Tc* of the clutch motor 30 
equal to 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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to the output torque command value Tcf at step S182 an::t allocates the value ·o· 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 S184, the 
program goes to steps St 74 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 electromagnetic cou-

5 piing 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-

10 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 un::tesirable 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 

15 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 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 St 64 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* 

20 of the engine 50, which is calculated from the decreased output energy Pd of the engine 50, instead of with the sub­
traction amount t,. Tc. When the torque command value Tc* is greater than the decreased target engine torque Te*; the 
program executes the processing at steps S166 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 S 17 4 through S178. This structure can decrease the output energy Pd of the engine 50 without varying the 

25 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 

30 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-

35 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 

40 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 

45 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 20B as a secon::t embodiment 
50 of the present invention. The power output apparatus 208 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 208 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. 

55 The following describes the essential operation of the power output apparatus 208 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 revoMng 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 revoMng speed difference Ne between the revoMng speed 
Ne of the engine 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 cirruit 92 to activate the assist motor 40. Provided that 

s 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 SO within a range holding the relationship of 
Equation (1 1) given below. Since the relationship of Equation (1 1) represents the ideal state with an efficiency of 1 OOOk, 
(TcxNd) is a littte smaller than (TexNe) in the actual state. 

10 Te X Ne = Tc 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 assil:11 motor 40. The assist motor 40 converts the received energy in the sum of the regions G1+G3 to the energy 

15 corresponding to the sum of the regions G2+G3 and transmits the converted energy to the aankshaft 56. 
When the revoMng 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 revoMng speed defined by the absolute value of the revoMng speed 
difference Ne (==Ne-Nd). Provided that the torque Ta of the assist motor 40 is set to a negative value, which enables the 

20 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 

2s 30 as the energy corresponding to the region G 1. 
Toe 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 S200 through S208, which is identical with that of steps S100 through S104 in the 
flowchart of Fig. 5. Toe control CPU 90 reads,the revolving speed Nd of the drive shaft 22 at step $200 and the accel-

30 erator pedal position AP at step S202, 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 
S206, and sets the target engine torque Te* and the target engine speed Ne* of the engine 50 at.step S208. 

At subsequent step S210, the control CPU 90 computes the torque command value Ta* of the assist motor 40 
35 according to Equation·(12) given as: 

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

At step S212, the torque command value Tc* of the clutch motor 30 is calculated from the torque command value Ta* 
4o 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 S216, and the engine 50 
45 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 6214) is identical with that described 
above according to the flowchart of Fig. 6, whereas the concrete procedure of the engine control { step S217) is identical 
with that of the first embodiment discussed above. The assist motor control executed at step S216 essentially follows 
the processing of steps S192 through S196 in the assist motor control routine of Fig. 10, except that the rotational angle 

so ee of the crankshaft 56 of the engine 50 measured with the resolver 39 is processed in place of the rotational angle 8::J 
of the drive shaft 22. This modification is ascribed to the position of the assist motor 40, which is attached to the crank­
shaft 56. 

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. 

ss The following describes the procedure of terminating operation of the engine 50 and driving the vehicle·with the power 
discharged from the battery 94, based on an engine-stop time tdrque 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 t~que co~trol routine 
of Fig. 14 is executed repeatedly at predetermined time interval~ 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 
to stop operation of the engine 50. 

When the program enters the engine stop-time torque cpntrol routine, the control CPU 90 fll'St receives data of 
accelerator pedal position AP from the accelerator position sensor 65 at step S220 and computes the output torque 

5 command value Td· corresponding to the input accelerator pedal position AP at step S222. The output energy Pd of 
the engine so 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 step operation of the engine 50, the output energy Pd is generally greater than the threshold value 
Pdref since the vehicle is driven by the power output from the engine 50. 

10 When the output energy Pd is greater than the threshold value Pdrefat step S224, the program proceeds to step 

15 

5226 at which the control CPU 90 subtracts the subtraction amount .6.Pd 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) 

It is 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 OOlll)uted at step S230 according to 

20 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 
2s step S232. 

The control CPU 90 executes control of the clutch motor 30 (step S234), control of the assist motor 40 (step S236). 
and control of the engine 50 (at step S238). which are identical with the processing executed at step S214 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 
30 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 revoMng speed (Nd-Ne) atthe 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 corresponding to the preset 
torque corrmand value Ta*. The deficiency is supplied by the power stored in the battery 94. 

Irrespective of the decrease in output energy Pd of the engine 50, the torque output to the drive shaft 22 as a result 
35 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 step-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-

40 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 S240, sets the torque command value Ta* of the·· 
assist motor 40 equal to the output torque command value Td* at step S242, and sets the torque command value Tc* 
of the clutch motor 30 equal to the output torque command value Td* at step S244. This is followed by the control of the 
clutch motor 30 (step S234), the assist motor 40 (step S236), and the engine 50 (step S238) .. The procedure of engine 

45 stop-time torque control terminates operation of the engine 50 and enables the vehicle to be driven by the torque Tc 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 revolviog 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. 

so The crankshaft 56 is accordingly electromagnetically-locked by the assist motor 40. 
As discussed above, the power ou1put 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. 

55 In the power output apparatus 208 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 S238. When the output energy Pd becomes equal to the target 

5 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 50 without varying the output torque to the drive shaft 22. 

In the power output apparatus 208 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 clutch motor 30 and the 

10 assist motor 40, both of which are linked with the crankshaft 56. 
In the power output apparatus 208 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 200 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 320 connecting with the crankshaft 56 and an inner rotor 34 linked with the drive shaft 22. 

15 Three-phase coils 36 are attached to the inner rotor 34, and permanent magnets 350 are set on the outer rotor 320 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 300 and a stator 43 with three-phase coils 44 mounted thereon. In this 
structure, the outer rotor 320 of the clutch motor 30D also.works as a rotor of the assist motor 400. 

In the power output apparatus 200, the voltage applied to the three-phase coils 36 on the inner rotor 34 is controlled 
20 against the inner-surface magnetic pole of the permanent magnets 350 set on the outer rotor 320. This allows the 

clutch motor 30D to work in the same manner as the clutch motor 30 of the power output apparatus 208 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 208. · The torque control routine of Fig. 13 and the engine 

25 stop-time torque control routine of Fig. 14 are also applicable to the power output apparatus 20D shown in Fig. 16, 
which aa:ordingly implements the same operations-ahcl exerts the same effects as those of the power output apparatus 
208 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 

30 effectively reducing the size and weight of the whole power output apparatus 200: · 
There. may be many other modifications, alternations, and changes without departing from the scope or spirit of 

essential characteristics of the invention. It is thus clearly .understood that the above embodiments are only illustrative 
and not restrictive in any sense. 

The gasoline engine driven by means of gasoline is used.as the engine 50 in the above power output apparatuses. 
35 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-

40 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 Onsulated gate bipolar mode transis-
45 tor) inverters, thyristor inverters, voltage PWM (pulse width modulation} inverters, square-wave inverters (voltage invert­

ers and current inverters). and resonance inverters. 
The battery 94 may include Pb cells, NiMH cells, Li cells, or the like cells. A capacitor may be used in place of the 

battery 94. 
Although the power output apparatus is mo_unted on the vehicle in the above embodiments, it may be mounted on 

5o 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 

55 1. 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; 
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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 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 rotor and said second rotor: 

s 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 cireuit, and discharging power required to 
• drive said second motor via said second m::,tor-driving circuit; 
power decrease signal detection means for detecting power decrease signal to decrease power output from 
said engine; 

1s 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 ac::companied by the decrease in degree of 

20 electromagnetic connection; and 
engine power decreasing means for controlling 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 accolll)lished by said driving circuit control means. 

25 2. A power 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 control 

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; 
35 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 ard 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 discharging power required .to 

45 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; 
driving circuit control means for, when said power decrease signal . detection means detects the power 
decrease signal, controlfing 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 saicfsecond 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 
electromagnetic connection; and 
engine power decreasing means for controlling said engine driving means to decrease the power output from 

55 said engine with the decrease in the degree of electromagnetic connection of said first rotor with said second 
rotor accorrplished by said driving circuit control means. 

4. A power output apparatus in accordance with claim 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 eiectromagnetic connection of said first rotor with said second rotor in said first motor. 

s 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-

10 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 shaft 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; 

1s a second motor connectied with the output shaft of said .engine; 
a second motor-driving cirCllit for driving aro 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 

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

2s 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 engine accomplished by said engine power decreasing means. 

30 6. A power output apparatus in accordance with claim 5; wherein said driving circuit control means comprises meane 
for rontrolling 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. · 

35 

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 engine driving means 
to stop supply of fuel into said engine and terminate operation of said engine when the power output from said 

40 engine becomes equal to zero. 

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

an engine having an output shaft; 
4s engine driving means for driving said engine: . 

·a complex motor COfl1.)rising 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 oonsti· 
tuting a second motor; 

so 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 seoond 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 

ss 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; 
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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~riving circuit and said second motor~riving 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~riving 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. A method 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 saK:t engine; 
(c) controlling said first motor in response to the power decrease signal, to gradually decrease the degree of 
electromagnetic connection of saK:t 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. A method in accordance with daim 11, wherein the power decrease signal detected represents an engine stop sig­
nal to stop operation of said engine, 

45 

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. 

13. A method of controlling a power output apparatus for outputting power to a drive shaft, said method oomprising the 
steps of: 

(a) providing an engine having an output shaft; engine driving means for driving said engine; a first motor com-
so 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 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 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 decreal?e power output from saK:t 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). 

s 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 motor to make up for a decrease in torque among the 

10 decrease in power output from said engine. 
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Description 

1.Aeld of the Invention 

5 The present invention relates to an engine controller, a power output apparatus. and methods of controlling an 

10 

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 shaft 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 

ts such a power output apparatus, the torque converter is disposed between an output shaft 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 revoMng speed difference between the rotating shaft and the output shaft and the 

20 torque transmitted to the output shaft, 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 

25 transmission by the torque converter is not 100%, and the fuel consumption rate in the conventional p()l,\fer 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 

30 engine or electric power stored in the battery (JAPANESE PATENT LAYING-OPEN GAZETIE 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 engine 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 

35 reciprocating motions of the piston in the internal combustion engine causes 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 

4o 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 shaft of the engine and the rotating shaft of ttie motor are mechanically linked with each 

45 other via a damper. The dampers having a significant effect 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. · 

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 pof;itively stopping the operation of the engine, the I term (integral term) may result in 

50 undershooting the output shaft 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. 

55 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a power output apparatus tor 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-type power inpuVoutput 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 controDing such a power output apparatus. 

5 In the process of applying a torque from th~ 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 example, the vibrations due to the undershoot are 
transmitted to the vehicle body and makes the driver uncomfortable. 

10 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 effect on reduction of the amplitude 

t5 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 

20 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 
25 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· 

30 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 

35 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 

40 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 shaft; a first motor having a rotating shaft 

45 and inputting and outputting pow!:lr 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 shaft, 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: 

50 

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 th.e instruction to stop the fuel supply to the 

55 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 fuHilled, 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 to 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. 

Tois procedure restricts the deceleration of the revolving speed of the output shaft to a predetermined rangeand 
5 enables the revolving speed of the output shaft to 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 shaft of the engine, 

10 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 shaft without causing a variation in torque due to the state of the power 

15 oulput 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 vehide 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 oulput apparatus may further include: deceleration compi.rt-
20 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. 

25 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 

30 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. Toe 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 case that the predetermined value is 

35 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 shaft 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-

40 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 shaft 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 
45 apply a predetermined torque in the direction of rotation of the output shaft via the three shaft-type power inpuVoutput 

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 pre_determined 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. 

so 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 control, and 

55 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. Toe 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 

5 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 input/output 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 
10 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 shaft is implemented by the second motor. 

Toe present invention is also directed to an engine controller having an engine for outputting power through com· 
15 bustion of a fuel and a motor connected to an output shaft of the engine via a damper. The engine controller controls 

operatioo 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-

20 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 
25 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 
30 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. 

35 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 tur-

40 ther includes target torque storage means for determining a time-based variation in target value of the torque applied 
to the output shaft 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-
45 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 ;evolving 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 
so means for computing the deceleration of rewtving 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 learns the range of deceleration and thereby realizes the preferable control. 

55 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 control means has means for driving 
the motor, as the stop-time control, in order to !,!nable 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 shaft 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 

s 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 

10 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 revolving speed of the output shaft of the engine to swiftly pass through this specific range and thereby 
effectively prevents a resonance. 

15 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. 

20 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 
25 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 

30 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; 

35 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 11 O 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; 

40 Fig. 8 is a 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 accelerator pedal 

45 position AP. and the torque command value Tr*; 
Fig. 11 · ia a flowchart ehowing 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; 

5o 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 to or less 

55 than the threshold value Nref; 
Fig. 16 ~hows 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 stiO another power output apparatus 110B as another modified example; 
Fig. 20 schematically iDustrates structure of another power output apparatus 110' as a second embodiment accord: 
ing to the present invention; 
Fig. 21 illustrates an exemplified structure of an open-close timing changing mechanism 153: 

s 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; 
F.ig. 26 is a flowchart showing a processing routine to prevent undershoot; 

10 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 11 OC incor­
porated therein; and 
Fig. 29 schematically illustrates another power output apparatus 310 as another modified example. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One mode of carrying out the present invention is described as a preferred errbodiment. Fig. 1 schematically illus­
trates structure of a power output apparatus 11 o en-bodying 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 

20 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 air/fuel mixture is supplied into a combustion chamber 152 to 

25 be explosively ignited and burned. Linear motion of a piston 154 pressed down by the explosion of the air/fuel 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 
30 EFIECU 170 receives information from various sensors, which detect operating conditions of the engine 150. These 

sensors include a throttle valve 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) 

35 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 motor 
MG2 (described later) via a damper 157 that reduces the amplitude of torsion·a1 vibrations occurring on the crankshaft 

<10 156. The crankshaft 156 is further connected to a differential gear 1 14 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 

45 182, 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 apparatus 110 of the embodiment primarily includes the engine 150, the 
50 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 MGl 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. 

55 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 

5 of the power input to or output from any two shafts among the three shafts automaticaDy 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 
es, er, and 8c 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. 

1 o A p(Mler feed gear 128 for taking out the power is linked with the ring gear 122 and arranged on the side of the first 
motor MG 1. The power feed gear 128 is further connected to the power transmission gear 1 1 1 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 MGl 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 

15 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 fiek:t 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 

20 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 motor-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 revoMng magnetic field. The rotor 142 is linked with the ring gear shaft 126 

25 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 first 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, 

30 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 a number of secondary cells. The control CPU 190 is 
a one-chip microprocessor including a RAM 190a used as a working memory, a ROM 190b 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 controi CPU 190 receives a variety of data via the input port The 

35 input data include a rotational angle es of the sun gear shaft 125 measured with the resolver 139, a rotational angle.er 
of the ring gear shaft 126 measured with the resolver 149, a rotational angle 8c 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 lu1 

40 and lv1 from two ammeters 195 and 196 disposed in the first driving circuit 191 , values of currents lu2 and lv2 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 specific 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, 

45 or by causing an instantaneous short circuit between terminals of the battery 194 and measuring an internal resistance 
against the'electric current. 

The control CPU 190 outputs a first control signal SW1 for driving six transistors Tr1 through Tr6 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 Tr11hrough Tr6 in the first driving 

5o 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 L 1 and l2. The three-phase coils (U, V. W) 134 of the first motor MG 1 are connected to the respective 
contacts of the paired transistors in the first driving circuit 191. The power lines L 1 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 

55 three-phase coils 134 undergo PWM (pulse wi:lth 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. Toe second control signal SW2 output from the control CPU 190 thus successively controls the 
power-on time of the paired transistors Trl 1 through Trl 6. Toe 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-

5 netic field. 
Toe 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 shaft 
and the revolving speed of the shaft and represents the magnitude of energy output per unit time. Toe term 'power state· 
denotes a driving point defined by a combination of the torque and the revolving speed that gives a certain power. There 

10 are, hovvever, 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. 

15 Toe 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 shaff 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 

20 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. aoo the carrier shaft 127) can be expressed 

25 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 darity 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 
30 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: 

35 

the humber of teeth of the sun gear 
P = the humber of teeth of the ring gear (1) 

40 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 a.xis A.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 

45 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 J 50 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. 

50 

1+n Ns == Nr • (Nr • Ne) .:...:...i:: 
p 

(2) 

55 Toe 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: 

Tes= Tex _e_ 
1+p 

1 
Ter = Te x -

1 
-

+p 

(3) 

(4) 

The equilibrium of forces on the dynamic colfinear fine is essential for the stable state of the dynamic collinear line. 
In accordance with a conaete 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 

15 to the torque Tr output to the ring gear shaft 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 
T m2 in the direction of its rotation and thereby works as a motor to output an electrical energy Pm2, which is given as 

20 the product of the torque Tm2 and the revoMng speed Nr, as a poNer to the ring gear shaft 126. 
In case that the electrical energy Pm1 is identical with the electrical energy Pm2, all the electric poNer 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 

25 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 P 1 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 povver feed gear 128 

30 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 
35 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 MG1 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 Trn2 and the revotv-

40 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 MG1 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-

45 tat 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 poNer 
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 

50 first motor MG1. 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

etary gear 120, the motors MG1 and MG2, and the transistors Tr1 through Tr16 is equal to the value '1', 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-

55 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 multiplying the energy 
Pr output to the ring gear shaft 126 by the reciprocal of the conversion efficiency. In the state of the nomogram of Fig. 
5, the torque T rn2 of the second motor MG2 may be calculated by multiplying the electric power regenerated by the first 
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motor MG1 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 firsJ 
motor MG1 by the efficiencies of both the motors MG1 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 1 s6 while the vehicle is at 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 controller 180 carries out an operation mode determi· 
nation routine (not shown) and selects the motor driving mode only with 1he 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 
S100. 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 throttle 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 S102. The re,,olving speed Ne 
of the engine 150 may be calculated from the rotational angle ec 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 

2s 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 S 104. The time counter TC is an argument used to set a target revolv· 
ing speed Ne* of the engine 150 at step S108 (described later) and is incremented at step S106 every time when the 
processing of steps S106 through S116 is repeated. The initial valu€! on the time counter TC is set based on a map 

30 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* 
ss 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 Rg. 8. The control 
CPU 190 subsequently receives the revolving speed Ne of the engine 150 at step S110. and sets a torque command 

40 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 S 112. The first term on the right side of Equation (5) is a proportional term 
to cancel 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 cancel the stationary deviation. K1 and K2 denote proportional constants. 

45 Tm1*~K1(Ne*-Ne)+K2f (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 

50 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 equaibrium 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. 

55 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 difference 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 cons1ant 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*. 

Tm1* 
Tm2·~ 1i'*·K3 x -­

P 
(6) 

10 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 S130. The revolving speed Nr of the ring gear shaft 126 may 
be calculated from the rotational angle or 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 S 132. The 

15 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 eventually 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 $134. Not the torque to be output to the driving wheels 116 and 

20 118 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*. 

25 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 s1ep S134, the torque command valueTr* corre­
sponding to the input accelerator pedal position AP and the input revoMng 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 · 
so 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 

35 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 

40 motor MG2 is equal to zero, and the threshold value Nref 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 crankshaft 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 

45 limit of the specific revolving speed range that causes a resonance. The program accordingly returns to step S 106 and 
repeats the processing of steps S 106 through· S 116. Every time when the processing of steps S 106 through S 116 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 

50 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 

55 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 S116, 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 
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above at step S120, and waits for a predetermined time period at step S122. 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. 

5 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 Trn2· of the second motor MG2 equal to the torque command value Tr· at step S 126: 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 
10 of Fig. 11. When the program enters the routine of Fig. 11, the control CPU 190 of the controller 180 first receives the 

rotational angle es of the sun gear shaft 125 from the revolver 139 at step S180, and calculates an electrical angle 81 
of the first motor MG1 from the rotational angle 8S of the sun gear shaft 125 at step 5181. In this embodiment, since a 
synchronous motor of four-pole pair (that is, four N poles and four 5 poles) is used as the first motor MG1. the rotational 
,angle es of the sun gear shaft 125 is quadrupled to yield the electrical angle 81 (81=48s). The CPU190 then detects 

15 values of currents lu1 and lv1 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 S184, 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 

20 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 q axes 
are essential 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. 

25 

[
ld1] = ...J2[-sin(81-120) sin81 ][lu1] 
/q1 -COS(81-120) COS81 /v1 

(7) 

so After the transformation to the currents of two axes, the control CPU 190 computes deviations of currents ld1 and 
lq1 actually flowing through the d and q axes from current command values ld1 • and lq1 • 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 Vq1 with respect to the d and q axes at step S186. 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, 

35 Kp2, Ki1. and Ki2 represent coefficients, which are adjusted to be suited to the characleristics of the motor applied. 

40 

45 

Each voltage command value Vd1 (Vq1) includes a part in proportion to the deviation al from the current command 
value r (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). 

Md1 = /d1 *-/d.1 

Mq1 = /q1*-/q1 

Vd1 = Kp1 • Md1+ E Ki1 • Md1 

Vq1 = Kp2 • 6/q1+ l: Ki2 • 6/q1 

(8) 

(9) 

The control CPU 190 then re-transforms the coordinates of the voltage command values thus obtained (two-phase 
to three-phase transformation) at step 5188. This corresponds to an inverse of the transformation executed at step 

so S184. The inverse transformation determines voltages Vu1, Vv1, and Vw1 actually applied to the three-phase coils 134 
as expressed by Equations (10) given below: · 

55 

[
Vu 1] = ..Jg[ cos81 -sin91 ][Vd1] 
Vv1 3 C0S(81-120) -sin(81-120) Vq1 

(10) 

Vw1 = - \1J 1-Vv1 
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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 S189, the on- and off-time of the transistors Tr1 through Tr6 in the first driving circuit 191 is PWM (pulse 
width modulation) controlled, 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 nomograrns of Figs. 5 and 6. For an identical positive torque command value Tm 1 ·, 
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 

10 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 a, the nomogram of. Fig. 6. For the positive torque command value Tm1 *, both the regenerative operation 
and the power operation of the first motor MG1 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 

. 15 set on the outer surface of the rotor 132 with the revolving magnetic field generated by the currents flowing 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 rotational angle es of the sun gear shaft 

20 125 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 motorMG2 is identical with that of the first motor MG1, except 
that the torque command value Tm2· and the rotational angle 8r of the ring gear shaft 126 are used in place of the 

25 torque command value 1 m1 • and the rotational angle as 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 er of the ring gear shaft 126 from 
the revolver 149 at step S190. and calculates an electrical angle 82 of the second motor MG2 from the observed rota­
tional angle Or of the ring gear shaft 126at step S191. At subsequent step S192, phase currents lu2 and lv2 of the sec­
ond motor MG2 are measured with the ammeters 197 and 198. The control CPU 190 then executes transformation of 

30 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, 
35 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. 

40 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 nomograrns 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 

45 the engine 150 becomes equal to or less than the threshold value Nref. As discussed above, in this embodiment, the 
slope of the target revolving speed Ne• in the map of Fig. 6 is set to be not les::i 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 revoMng 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-

so tions as a generator. The revoMng speed Ns of the sun gear shaft 125 then takes a negative value as shown in Fig. 14, 
and the first motor MG1 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 revoMng 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-

ss 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. 

14 



BMW1012 
Page 879 of 1654

5 

10 

EP O 839 683 A2 

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 Tse is then applied to the carrier shaft 127 as a reaction of the torque Tm1. 
Toe 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 takirig 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 MG1. The torque Tsr 
is almost 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 
S116 in the engine stop control routine of Fig. 7, the first motor MG1 outputs the cancel 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 commaoo value Tm1 • of the first motor MG1 is set equal to zero in the motor driving mode with 

15 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 MG 1. Since the engine 150 
i_!> 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 

20 motor MG1 as shown in the nomogram of Fig. 15. The cancel 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 quickly 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-

25 nance of the torsional vibrations on the engine 150 and the first motor MG 1 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 poweroutput 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 

so undershooting, thereby preventing occurrence of a vibration and a foreign noise due to undershooting. 
The power output .apparatus 11 O 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-

ss 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 

40 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 value 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 control 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 M02 equal to the torque command value Tr* at step S210. No torque is accordingly output 

45 from the first motor MG1. While the kinetic energy of the engine 150 and the first motor MG1 is consumed by the friction 
and eompresGion 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 engine 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 

so engine stop control 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 zero 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 

55 may be set equal to 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 11 O of the embodiment discussed above. the control 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 

5 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 control 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 

10 motor MG2. 
In the power output apparatus 11 o of the embodiment, the.power output to the ring gear shaft 126 is taken out of 

the arrangement between the first motor MGl 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 

15 output apparatus 1108 as another modified example, wherein the engine 150, the planetary gear 120, the second 
motor MG2, and the first motor MGl 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 1268 is required. This modified structure enables the power output 
to the ring gear shaft 1268 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 
20 invention. The power output apparatus 110' ofthe 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 controller 180. 

Referring to Fig. 20.- the open-close timing changing mechanism 153 adjusts the open-close timing of an intake 
25 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 cani 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 . 

30 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 qpen-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 

35 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 control the on-off 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 

40 running in an oblique direction with respect to the axis. The movement in the axial direction accordi~ly causes rotation 
of the movable pistons 252 and changes the orientation of the intake cam shaft 240 and the intake cam shaft 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 overlap. In the example of Fig. 21, the VVT pulley 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 · 

45 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 · 

50 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-

55 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 MG 1 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 shock. The processing time mntg of slower speed reduction is set to a small value according to the 
rg.,olving 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 S350. 

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 

10 msec 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 of300 
msec is thus to ensure that the output torque of the engine 150 has certainly been decreased. In respoose to an instruc­
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 

1s 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 S330 to continue the P ID 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 control is allowed, on the other hand, the program 
20 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 Ne 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-

25 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-

30 mined value Nkn, it is determined whether or not the current target torque STG is substantially equal to zero at step 
S360. In case that the current target torque STG is not substantially equal to zero, the program proceeds to step S370 
to carry out the processing to prevent the revolving speed of the engine 150 from undershooting. 

After the processing at any one of steps S330, S350, S360, and S370, the program goes to step S380 to restrict 
the torque range and to step S390 to set a calculated target torque ttg subjected to the processing of torque range 

35 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-

40 get revolving speed (steps S320 and S330). After 300 msec has elapsed, the PIO control is replaced by the open-loop 
control to apply a torque from the first motor MG 1 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 S320, S340, and S350). 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 

45 processing is carried out to prevent undershoot (steps S320, 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 S350. 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· 

50 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 nmtg 
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· 

55 cuted at predetermined intervals like this embodiment In this embodiment. the calculation of weighting average is car· 
ried out at e1ery 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 S330). 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 STGmn set based on the map of Fig. 23. The longer processing time nmtg of slCN1er speed reduc­
tion is set for the ICN1er vehicle speed. The tentative target torque ttg accordingly approaches the reduction torque 

5 STGmn at the gentler rate against the lower vehicle speed. 
When it is .determined that the vehicle is at a stop at step S351, 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 S353 under the condition of the vehicle at a stop from the processing at step S352 

10 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+stg~g)-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 

t5 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· 

20 tion. After the tentative target torque ttg becomes coincident with the reduction torque STGmn, the first motor MG1 out­
puts a substantially fixed torque. 

25 

30 

After the processing of slower speed reduction either under the condition of the vehicle on a run or under the con· 
di1ion of the vehicle at a stop, it is determined whether or not Condition 2 is fulfilled at step S354. Condition 2 indudes 
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 representing 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 S355, a deceleration AN of the revolv· 
ing speed is computed. 

as The deceleration AN of the revolving speed is defined as the difference between the previous revolving speed 
detected ata previous cycle and the current revolving speed detected at a current cycle. In this embocliment,.detection 
of the revolving speed Ne is carried out at f!Nery 16 msec. The program then goes to step S356 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 

40 AN of the revolving speed is greater than the value -44, a tentative learnt value tstg 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 S358. 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. 

45 In the case of the smaller reduction rate, such variation in tentative learnt value tstg inaeases the absolute value of the 
target reduction torque, which is a negative value and is expressed as ( ·14-t-stgkg)·STGold) calculated at step S353. 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. 

50 The program then goes to step S359 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 ,learnt 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. 

55 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 graduaDy decreases and eventually becomes smaller than 
the predetermined value Nkn, the open-loop control is replaced by the processing to prevent undershoot ( executed at 

5 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 $371 accord-

10 

ing to the equation of: · 

ttg = STGold + 2 (Nm] 

It is 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 
15 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 ttg according to the above equation decrements the magnitude of the torque, which has acted in the direc­
tion of decelerating the output shaft of the engine 150, by 2.[Nm] at every 8 rnsec 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 
20 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 shaft of the engine 150, and 
sets the tentative target torque ttg equal to zero at step S375. 

25 

The program then goes to step S376 to determine whether or not Condition 3 is fulfilled. Condition 3 indudes the 
following two conditions: 

(1) The vehide is at a stop: and 
(2) The learnt value stgkg has been updated (that is, the flag Xstg representing execution of the l~rning process 
is equal to one). 

30 In case that either one of these two conditions is not fuHilled, 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 to 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 shaft of the 
35 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: 

40 (1) While there is a requirement of continuous operation of the engine 150, the PIO 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 

45 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 control 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 (=O), 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 predetermined rate. Such control effectively ·prevents a large 

50 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 

ss the revolving speed Ne of the output shaft of the engine 150 is lowered at a predetermined deceleration (approxi­
mately -50 rpm/16 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 revoMng 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 Nkn 

s (200 rpm through 350 rpm in this embodiment), the ma~nitude of the torque applied by the first motor MG1 is grad­
ually decreased at a predetermined rate toward zero. This process effectively pre.tents the re.,olving speed Ne of 
the ou1put shaft of the engine 150 from being lower than zero, that is, prevents the reverse rotation of the crankshaft 
156. The aankshaft 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. 

10 In the structure of this embodiment. the magnitude of the torque applied to the ou1put shaft of the engine 150 is 
decreased with a decrease in revoMng speed Ne of the engine 150. When the revoMng 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 crankshaft 156. 
(6) The predetermined value Nkn used as the criterion of the control procedure is set equal to 200 rpm under the 

1s 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 ou1put shaft 
of the engine 150 in the direciion of reducing the revoMng 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. 

20 

The power output apparatuses 11 O and 11 O' 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 11 OC 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.portion of 

25 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 po.var 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 ou1put apparatus 11 O of the embodiment and their modified examples discussed above are applied to 
30 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 

35 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. 

40 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 exarrples 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 
45 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 MG1 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-

50 shaft CS of an engine EG is. directly connected to a rotating shaft RS of a motor MG via a darrper 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 errbodiment. 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 shaft of power transmission may, however, be deter-

55 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-
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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: 

10 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 

15 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 

20 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 oper­
ation of said engine. 

2. A power output apparatus in accordance with daim 1, said power output apparatus further comprising: 
25 

30 

35 

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-tinie control, to 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. 

3. 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 

40 .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. 

4. A power output apparatus in accordance with daim 1, said power output apparatus further comprising: 

45 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 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 

50 predetermined pathway. 

5. A power output apparatus in accordance with daim 1, said power output apparatus further comprising: 

revolving speed detection means for measuring the revolving speed of said output shaft, 
ss 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. 

6. A power output apparatus in accordance with claim 5, wherein said stop-time control means further comprises 
s 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 to a reference 
value, which is not greater than said predetermined value. 

10 7. 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 

15 of the deceleration. 

8. 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 
20 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. 

9. A power output apparatus in accordance with claim 5, wherein said predetermined value is a revolving speed that 
25 is lower than a resonance range of torsional vibrations in a system including said output shaft and said three shaft­

type power inputloutput means. 

10. A power output apparatus in accordance with claim 1, said power output apparatus further comprising: 

ao 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. 

11. An engine controller comprising an engine for outputting power through combustion of a fuel and a motor con-
35 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 fuel supply to said engine when a condition to stop the operation of said engine 
is fulfilled; and 

40 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 the 
stop of fuel supply to said engine, so as to implement a stop-time control for stopping the operation of said 
engine. 

45 12. An en~ine controller in accordance with cl~im 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, 

so wherein said stop-time control means comprises: 

means for driving·said motor, as said.stop-time control, to 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 .. 

55 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 during 
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 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. 

14. 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 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 predetermined value via a pre­
determined pathway. 

15 15. 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 comprises: 

20 

25 

means for driving said motor, as said stop-time control, to apply a torque in reverse of the rotation of said 
output shaft to said output shaft, until the revolving speed of said output shaft measured by said revolving 
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 

30 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 
35 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 
40 lower than a resonance range of torsional vibrations in a system including said output shaft and a rotor of said 

motor. 

19. A method 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 shaft; a second motor inputting 

45 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: 

so giving an instruction to stop fuel supply to said engine when a condition of stopping operation of said engine is 
fulfilled; and 

55 

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 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. 
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Fig. 21 
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Fig. 22 
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Fig. 23 
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Fig. 25 
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Fig. 26 
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0a cllerche i. cUabuer la conso.i.at10A et la pollution 4es T61doulea a. 
ao\•111' et lea conatJ'Ucte11rS so11ha.itera1eat pouvoi.r redid.re la piliaaance et 
l'iapoz-tance Ilea aoteva tout en couenut oui'tiaa.mment 4e pui1SSa.nc~ J>Olll" 

·lea aoci16ratioDa ot la con.cluttt •. 

S t.. prbente ia.nntion a pour ob~et de ctouer ue solution i ce probliae. 
El.1• coJU1iate a utiliaer le aoteur 4u Teldcul.e peada:at le IIBXilnala 4e 

de teapa 4auu, lea meilleurea ooa41tioaa de rea4emeat et de p1li11Sa.11.~e par 

11enaea'bl.e 4ea ao7e:aa auiTaJata et 4• leUl'a 41Teraea·l.1a.ioona m60&.Diquea et 
6leotrlquea a le motetl.l' du T6llioule eat acco'DJlli l 11D gEDirato'IIZ' 6leot.rique 

10 bruchi ata' ne batterie 4•acc1D111la.tem-a s cette batterie et oe gfzu,ratetll' 

aoat coueot6a l 4e~ aoteva Uectrlquea qUi UBIU'ent la propul.aioa1 le 
freinag• i r6cu~ration d•enel'gi• et la aarche arrilre, par 1•1.a.te.l'lll6cli.aire 
d1UD.e bo!te de ri'teaae et d1u pont ·1 'IUl e111bl'llJa8• OIi 1:1D dispoeltif equl• 

valeat peraet d•accoJpler c6canique111eat ou aut.rement 1• group• moteur-gf116-
1s rate'IU:' a la trenS111asioa de propulaioa I toua oee organea 6tan:t 001111AA46a 

par u. ap:pa.relll.age approprU, IIIU'llel, automa.tique 011. mixte, penettaat. 
d'effectuer lea liaiaoJU11, 111608.Jliquea, 6lect.riquea ou aut.rea1 ae cee organea 
eDt.r• nz et au tn..umieeiou de prop'lll.aioa atirl. de .dal.iaer 4ana lea oon-

41t1oll8 optilla expoa6ee pre~edeaae11.t lea aodea ae tonotio.nn.ementa auiT&nta1 

20 1 - e:a:clui'reme11.t 6lectriq1te, le sroupe gberatev 6\ant arrlt6. 
2 - eleD'trique 11.oraal, aTec le groupo ea -.robe aon emllzoq'& nr la trana­

aiaa1oa. 
3 - 6lect.rlque A &1U'J)iµS8Bllce te•po.rail:'tl, approx1.lllativement 4oubl6e en 

emb~, 8\1l' la_tl'aD81dBBiOD de 'propulaiOll le g&"Ollpet gia.uateur 
2S 4e'braach61 ou.,auceptillle a•ltre tr:lplie, 1107eanement dee ubageaenu 

appropriia, gbirat.ew bran.chi. 
~ - mixte 4e oro1a1are, r6aJJ.a6 de pr6f6reac• lorsque le T6hio\1l.e ro'llle 

rigol.ierement A '111>.e riteaae ool.'Tespond.ar&t sen.ei'blement au r's!m• DP­

tiaa, par eabra:,age du g:roa.pe aur la translld.asiOA., moteva de prop'lll.-

30 eio:a clibl'u.ohb, generattv l>:ran.oll.61 ce del'Dier traT&illa.Dt: alora, 
Hbut la Ti teaae de 11!11'011.e, en 11o~em oa. en p.dMte'lll!' pour rep• 
luieer la lla:Nlll.• au rig!III• optilla. 

s - aixt;e aocelbi, coue .\1 1118.ie en claangeQt le rapport 4e riteeff pov 
paaaer au rapport lnlpirie'GZ' loaque le r6g!ae_ optiaa eat a~teiJat. :Dane 

35 co aode do foaotio11Aeme11.t la alll'p1liaaan.ce eat a'ld:01111.tiquement :r6al.1-
aio par le g6:ui.rateur a11 aOllltDt 411. olsange11eat cle rapport. 

6 _ ci.usique, aveo le grou;pe e11ibra76,g6dratev et aotnra d6'bruoh6s. 

7 - aa.roll.e a.r:riire et fZ'einage 6lectrique 1 r6ouperation 4•inergie,par 
iATeraioa c!u ee:na 4e ma:rche dea ~otelll:'8. 

'to ED .taiau.t 1•exa11ea c:011pa.ratif dte bilau 4e fo11.D'tio:meme11t 41\IA tel 

----, 
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'fehicule et d 111D Tehicule claseiqlla Oil COD.Btat. q1l0 lee pertee de rene­

lleDt ties i la Vlll.D&for1!18.tio:a ileobi.ii,ua soJ1.t vb in:terieare.11 am: p1u 

de l'iDentiOD.. Plue partic:tlliere11eat c1ana le caa 4'1U1.e ci:ro111.a.UoJt. td11 
clitticUo, a'feo marclae excluivU111J1t electrique 111au poUutioa, dau 1a,. 

.5 quolle il est poaai'bla, B'flC ane bai.terie cle capa.dt6 peu £levee,ct•o~teJl.b 
'IUle a11tonollio u paNOv11 c1o 5 a IO Em pendant S i. IO llhutea. :Lee aeil-

1evee coditiou de ma.robe sont ceUee du tonotioueaent 1111:zte cla na le-.• 

qWll lea pert•• 6lectriques ,:oat r'4u1tee au lld.J:dm1la losque le 46'bit 411.. 
gb.iratev eat 11"411, sa teuioa A ride 6tant ~gal• a. la tension au:Lma. 4e 

10 4e la 'batteri.e. Le 'l'ihinle eat al~e Jll'Opul.d a.;eo la preque tota.UU cle 

l 1bergie a&cam.que du aotelll' ot.qllall41 par~aulte 4'wt.& a.qmentation du 

rbietucea l 1•ava.uce.ment1 la ritesee le JlllaZ"Che 41minu~,1a·puiesuco 110-
trioo a•acorolt 411 la pui.aaa.u.ce to'!l%'Jlie paz, le genirateur. 

Sar la· 111,anw unique amiexhont 6t6 repr6senteee echema.tiquement clelllC 

1S r6alisaUou non ex~uiyea, dee 41apodtiou de ~'hYention I :la Pig •. 1 
4au laqueUe le motev 4u v6hic11.le, le ge:n.e.ratev et lea moteve 4e p:ro­

pulaioJl ~at clea ri.tease igalea; la~· 2 da.na laqueUe, en no 4',m abaie­
se111ellf.s du poi4s e) 411 Jll"h:. lea orgaue 61ectl'iq~e ont clea ri t~eea plu. · 
elevee~. Le aote11r 1 4u Yehiclllo est acc~upll au gin6rateu.r ileot.rique 2. 

20 Lea aoteva Ueotriquee, a.eav.rent la prop111.aioa paz, 1 11Dterm6clJ.ain,4o 
i•u~e ,. la 'bott. cle riteaee 5, le pont 6 ot lee va.ullia.siona 7. Lea 

batterie.11 aont f:igllree.a en 8, l•embrayage du 11ote11l' &'Ill' la pro}mlaion en 9 
et la capaoiti co:11.tenant·l•appa:re~ge clo oomma.ndo et de co:11.trile ea 10. 

Sur la Fig. 2, lo gb:batev 2 comporte cle~ onrouleaenta egaux 1.n4epen.-

25 clanta, cha.cu. 41em: et.ant con:n.ecti a. 1Ule demi-:-'battede 8·.; t& p:ropulaioa 
eert faite pa:r 4euz 11oteva 3t cliaposis·ira.r 1m mle aze. On pouna d.ui, 

aana i:4ter1'Uption de cha1"ge.coapler. en.aerie ou ea parall.ile oea divers . 
6lomeD.t8 au ao:,en 41un: appa.r~ approp:rie et obten.ir pl'Q.t'!l{O'IU'III vit0~8 
6leot:riq,uea. &er ezempl.e aveo clee 4o.m:.1.-'batterieo do 12 volte et dee 111oteu.ra 

)0 4e 2Ja. volte U ael'B. possible 41alillente cewc-ci sou 6 , .12 ou zJa. vol"Y 

et obtenir .3 rlteNtll Uectriq11ea qui, cOJDbin&ea ,lune botte a:, ra.ppo%"'te 
40D11.ero».t 9 a11urea do aa.rche cU.tf'rentea. 

Cea 41.spo&itiou pemettront do :r6alis01' 4ea v6h.1.C11lee economquea, 
cle coJlclm.te e.griule, B71U1t de& ooupl,ea c1.e Umarrage iaportant•, de bo~ea 

'5 acdlba:tiona, ue aptitude coanna'ble en .o8te,dea platonda 4e Titeaee . 
plu 6lev6e, capab1ea do recba:rgv leu:ra 'batteries pen.~t l'a.rrlt ou le 
etatioue.ent et ~ucepti'bles· 4e recevoil' 'll!l 6qUipe111ent de IDal'Ohe aemi­
automatique peu ooGteu. oa peut, par exomple, coDHTOil':, g&11111ea& la ;pre­

miere, d.e c:iroala.tion w'ba.ine ou encom'brie i. 11 , 22 et 1+4 ltlaht la sec:onde 
Ito pov.circala.tion banlleue \l'll promenade a\ 18, 36 et ?2 lmh; la troiaieao 

,,.-.--·- --- ·--.., 
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pov lee pa.rcova ro~iera i. 30, 6o et 120 ru. 
Bil )ll'inoipe aeront 11tilia6a, a•ue part, 4ea moteur11 B6rie et 4H 

geni:r.tric•• ehaDt coa,ort.ant 6Te.atuelleaeat daa dlepoeitita co•pl.laert­
ta1reo 4'exc1tat1oa 011 autrea, oova.1111ent em;pl.07'11 on. collllll.ll.de 6leotrlque1 

S et, d'aatre paiot:1 lea appa.reillagea a'IUd;liairea ol.aeeiquea n6ceaaairea 
l l1'1U" tonctiOZUleaant. 

Cea 41epoaitioaa peuTent ltre appl..iqaeee l toua ~Ill'•• de Tild.olll•• 
i aot,ur, aaia plus pa.rticul.ilre•ant l oeuz 41 tai'bl.e puiaa&Jlce oo de 
tde petite 07UDdrie aaaa pen:u a. oonc11dN,aU4.11tl..e ellea apporied 

10 4•• a116lioratlo:iu, aoclltiaDt totaleaeat lea:re ;p1rt0flllllloo• en lear Jll'OCO­

rut &:la.al 4 .. 46'bouollb 'bea•oo., plu ia)>Ol.'t.ulta. 
Bl.lea conTian:aeat :parfaiteaent a'IIX T61d.calea 4e toutea paiaa&11.oeaao•• 

ab 1 cl,e anlta tr6qu,ata de pl.u 011 aoiu 10Jt.S1l• 4v6e,coa• lea Toih• 
reader ..... ....,. 011 ,, 1i"t'Z'aiaoa1de TOJ'&SOll.l'a 4• co1111erce,eto ••• 

1, Ell•• a•appliquent igal.•••nt all:I; •• ~irlela,aa.ohin.eo,appa.re11a,4aJut 
1••111•1.a Oll 11\Uiae diTtretaeat i•6aorgio 411111 aota11r•et q-.:1. aoa, 811.8-

c,pti'ble• 4'ez:1geJ" \eapo.rairoaoat ii.Ile pldaoaao• ana,6:rie~. 
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1 - hnnt:loa aJ'an1: pov ob~et de redme la .oouonatioa et la polla­

tioo 4ea Y6hicralea a 111ate11:r et 41a,qpient:er temporail'eaent le'll:I' paisaaao• 

aotr1ce,oaraot6risie JIU' l'atillaatiOJ1.,peJU!a.Ji.~:J.e iwd.na a. t:eiapa,411 ao­
°tl'IU' au ·d!do111• fo11.C1tiomwi.t 4au lea meillevea oontitiou 4e redbut 

, et 4e :p111aau.ce,en. 011ploJ1Ul'I. l•e:n.eeml»le 4ea a07eu a1r.1:,uu •t leva a.t.­
nrsea liaiaou ilootriquee et meO&ll.iquoe I le motev du T6h101lle eat. ao­

ca'llpl.o i an gen6rato11r 6leatrique braiiohi SIU' 1U1o 'batteria a•ao0111111late'IIZ'&IJ 
cet:t• batter:l.e et ce pn.in.tev aont comi.eoUa i 4ee· •t.em:a 61eob:lque.s 
q111 ueure:at· la propula1011.,le f:rebage i r6o,ap6.ratioa d•berg:l• e'\ la IIN'-. 

10 che a:r,:Ure,par .111aten6Uatre 4.1'1Ule bo!te 4e rltees• et a•1111 pollt.J 1m. 

embrayage 011 a cliepoait:U ,qaivabnt pa."llet a•aoooapler,116oa.n.tquuent n 
autrellellt,le grou:pe aot•u:r-gh.irat.ev _A la ~d.oD 4e propale:loa 1 
tou cea organes etut COllll&ll4'8 par u appal'eillage &)p:ro:prt.6,11Uv.el,au­
tou.ti1u• 011 aizte,penettu.t: 4•etteo1:'au lea lialao:na 6lec.rtr:l.4;a.ea,•60&• · 

15 ni9,ua o-a auuH,4e OH orgu.ee qtre ea: et: aa: tn.amd.-ealou· de.pro~ 

aioa,a:th de ri~a 4au· l•• oouitiou o_pU.. ••• , .. p6o64med'" 
lee ao4ee c1e tu.ot:lo:maeaiud. •nd.T&Dta I · 

1 - ez.ol1US:lYeaeDt '1.ecv:l,ue,l~ groQJl9 aoto11r-g6n,rate111' 6ta.a.t·al'l'ltl. 
2 - Ueotriqa• JlONal.,1• pollpe ea IQ'W,aon ea'bray' SU' la.tru.aiuiOll. 

20 , - · 61.eotriqa.e l ~ce t~JIOl"a:he,approx:!.aatinman.t 4oa'b16e,ea .,. 

~ le groupe,ghba~~ 4''bruoM,ra 1& traualeaiont o• ~ 
ceJIU'ble 4.'lln t::ri:plb,ea elibJ'lqaDt le gro"Qe,g6a6n.tev 'b:raJU!W• 

It - llizt• de Cl'.Oieiait,Jlld' ~ 411 P"O'llJIO n.r la traaai.ea~ .ao­
teve de propalai.on 46ll~oh6e,pn6.ratev 'bruab61oe ~ende.l' t:n.fli1.. 

25 la.llt &lore ,andnurt: la Titeeae ae Jlal'Ohe,e.11. aotear ou ea g6n6ratev, 

ponr r.galar:laer la aarche au roglae t>,P\::1.118.I 
5 - 111.z:t• ace616r6·,r6&1.1.a6 comae 4,m.aJ.a en changea.a.1: 1e rap~ ao TS.t•­

ee :pow pu111e:r au rqpor1: B'IIJ'fr:1.eu:r l.oraq_'lle 1• rig!.me opt:laa est at-

teillt.l>us CIO ID04e cle foaot!ope11GJ1.t la avpuiaaanoe est &'lltOlla~-

:,0 q,'lleffllt dalia6e par 10 g611.6ratev lm·4v. aha:age11e11.t 4.e :rap_:pori. 

6 - claaai1u,aYeo le groupe e1'11:irqc\ 1g6n6ratnr e\ aotewe c16bru.oW.. 
7 • ft'oinage 6leotriq_u i. r6ouperation et marc.u arrUre par urrera:l~ 

4u eeu 4e llm!'ohe «•• aotea:ra. 

2 - Ense11bb nivut la NT. 1. 08l"llOUria& par 2 g6abateve, 2 ao­
:,,; t.eun et 2 4es.t.-l>atteriea, poar obtcm.l',lll&U hterr4,11pre la c)iarge, Pl' 

dee coruaexiona a:pproprieee et le montage s6rie-paral.l.lle de oea 616••.D:t;a, 
plu:loure dteoeee de aa.rchi!I clee moteura lileotriquea. 

3 • Ensem'bl.e sui.vant les NY. 1 et 2- oaracU.ria6,H TD! 41ane ••• 
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..,.,lioration du rende•eJ1.t et 4o l'encoabrement1 pal' le genre et la cliopo­

altioa dee •IIISl"•nagee qa'il CO:OJ)OJ:'tt 1A a&Toir1 pour la botte de viteaae, 
••111.a ~0111'11.ent lee •nar•IIAS•• 4Q l'&PJIOl"t utilisl, lee aatrea 6ta.nt A 1•a.r­
rtt1 ,0111' lo pod,oouple recluotear clont l• plsnorai-•at u. eng:reDAge drolt, 

5 h6UcoH.al oil A ohenou et la roue an eng:renag• interie1ZI'. 

It • Buem'ble niTant loa rav. 1 et 2 ,oB1"aotbi8' pu 1111 appa:reillage 
aatou.Uque cle lliae tlD auche et 4'a.nlt 4a aotev-s'216n.tev pour la 
cbarge 4e la 'batterie ea tmaction 4e 1a charge de oelle-oi,e11Scepttble 4• 
fonotio.mutr J)tlnclaAt l'a1Tlt,la aaJ-ohe ou le atatioD!!Alment du Tehioule. 

10 5 .. F.ueable am:rant l•e rn. 1 ., 2 1 oa.raotel'ie6, pov r64a;1.u·; 
11enooa'breaent,l)al' 4ee giniratell.l"e et 4ea moteura coapo~t cle11C11t en:-0111. ... 
aenu diataate av u alae rota» et 4ana ue mlae oaroaaee. 

6 .. Enaellll:lle enaiTa:o.t learn. 1 et 2 • O&l"aoU:rieli, ea ne 4'ue 41• 
aintaation 4• poide, d 1encoa'brement et 4e pertes 4e renclement, pa:,, dee ao--

15 te11ra ,1,otriqv.ee et clea g6nlrateara A gra:a4e Titeaae,et l 1aooouplemeat 
de oea denier• a\l aotev 411 Teld.cnll• all a079a a•u nlt!plicatev cl• 

Tit••••· 
7 - Buea'ble 1111.ha:at lea reT. 1. et 2 4ana lequel le• :ra;p:porta 4e 1a 

'bolt• 4• Tit•••• aecaaiqae aont oo~46a 11&1nUtllemeat, tanclia que coax 
20 4e la coabim.:lema 6leotriqv.e sod i. oolllll&D.4• autotU.t:lque. 

8 -· 1:u .. 'ble aa.hu.t: la reT. 2 1caract6,ta6 1 en n~ 4'ue sl:\.l.U:loatioa, 

JIii%' .. eapl.ol partiel 4ea 4iapoaitioDII 4• cette reTea4icat1on,ooaae paz, •. 

ezeaple 1• •OD.tag• eiri~-parall~l• de aeul.eaeat lee 2 mote'lll'a ae proJlll­
etoa,o• qlli rkuit l 2 le noabre be :rlg!aea de urche obte.n:aa. 
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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 folJowing means and their various mechanical and electrical links: the vehicle• s engine is 

directly coMected to an electrical generator connected to a 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.generator assembly 

10 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: 

l - exclusively electrical, the generator group being suppressed. 

IS 2 - normal electrical, with the group in operation, not engaged to the transmission. 

3 - electrical with temporary emergency power, approximately doubled, by eng~ging 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 sp~ that corresponds closely 

20 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 

25 time when the ratio is changed. 

6 - classic, with the system engaged and the generator and motors discoMected. 

7 - reverse gear and regenerative electrical braking by reverse running of the motors. 

Jn 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 arc the gains of the 

invention. 1n panicular in the case of very difficult traffic, with exclusively electrical operation without pollution, in 

which it is possible with a low-capacity battery to make an autonomous trip of 5 to 10 kilometers in from 5 to 10 

minutes. The best operating conditions are those with mixed functioning in which the electrical losses are reduced to 

S 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, after an . 

increase in resistance to the forward motion, the velocity decreases, the power of the engine increases &om the 

energy provided by the generator. 

In the only drawing attached., there is shown schematically two non-exclusive representations of the 

l O features of the invention: Fig. I, 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 I 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 S, 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 IO. In 

15 Fig. 2, the generator 2 includes two equal and independent units, each 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 coMected 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 

20 9 different levels of performance. 

These 81Tllllgements 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 stopped 

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 

25 18, 36, and 72 Kmh; the third 
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for highway trips at 30, 60, and 120 Kmh. 

In principle, 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 band, the classic 
. . 

auxiliary instrumentation necessary for their operation. 

S 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 chang~ 

their performance, thereby providing them with much larger markets. 

They are pei:f ectly adapted to vehicles of any power that arc subject to frequent long or short stops, such as 

pickup and delivery vehicles, traveling salespeople, etc. 

10 They also apply to equipment, machines, and devices in which the energy of a motor is used in different 

ways ~nd that are subject to a temporary need for greater power. 
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CLAIMS 

1 - An in".ention ~hose purpose is to reduce fuel consumption and pollution of motor vehicles and to 

increase their.engine power temporarily, characterized by the~. during the maximum period of time, of the engine 

of the vehicle operating in the best condi\!£ns of fuel consumption and power, using all of the following methods 

5 and their various electrical and mechanical )inks: the Vehicle's engine is directly CODllCCted to 8D 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 ~mission, mechanically or otherwise; all 

· of these units, being controlled-by appropriate manual, automatic, or mixed equipment, allowing the manual, 

10 . automatic, OJ." 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 electrical,_thc engine-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 engaging the system on the tranSmission 

lS of power, with the generator di~onnected; or, capable of being tripled by engaging the system with the generator 

connected. 

4 - mixed at cruising speed, by engaging the system on transmission, with th~ 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. 

20 5 - mixed acceleration, ~e 4, but changing the velocity ratio in order to go to the higher ratio ~en 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 disco~ected. 

7 - reverse g~ and regenerative electrical braking by reverse running of the motors. 

2S .2 - A system according to claillt 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 

electric motors, without interrupting the charge. 

3 - A system according to claims l 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 turning ~ 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 

5 the motor-generator for charging the battery according to.its charge level, capable of operatjng during stops, 

running, or parking of the vehicle. 

5 - A system according to claims I 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, 

IO by electric motors and very high-speed generators, and· their connection to the vehicle's engine by means of a 

velocity.multiplic::r. 

7-A system according to claims l 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 

15 for example by the series-parallel assembly of the 2 propulsion motors only, which reduces the number of operating 

systems used to 2. 
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Sole drawing 

[see source for figures I and 2] 

s 
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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 BATIERY 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 charging 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, in a 

predetennined period in which the voltage value of the auxiliary battery to be detected by the 

voltage detector drops to a predetennined 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; 
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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 

2 
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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 driveri, 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 IO 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 voltage, a transformer 30 which changes a voltage that is output from the inverter 28, and 

a rectifier 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 

3 
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the rectifier 32, and is converted to a direct current voltage 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 I 0, 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 auxiliary 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"1. 

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 

4 

TPR 097873 



BMW1012 
Page 945 of 1654

. " . . ..... --·---· ·-· ····-- ····-·-·-·-··· .. ···---···--···· .... ---· . - . --

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 detennined. For example, based on the 

detection result of the voltage detection amplifier 36, a duty is calculated and detennined 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 detennined 

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 

5 
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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 J tries to turn on the keyswitch 34 and drive the motor 16, the driving of the motor 

controller 18 is not perfonned 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 electricity consumption while the automobile is stopped such that not even a voltage 

needed for activation of the DC-DC converter or a 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 

,,.-
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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 predetennined 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 voJtage 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. 

Furthennore, the 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 battery 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 turned on, the driving of the motor J 6 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 turned 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 

8 
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amplifier 36 is compared with a predetennined threshold value VL, and if the detection value of 

the voltage detection amplifier 36 is deemed to be lower than the threshold value VL, 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 VH, This 

threshold value VH is larger than the threshold value VL, 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 turned 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 voltage 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 

is connected to the transistor 50, which is the same as in the embodiment of Fig. l, and one end 

9 
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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 conjunction 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 

circuit 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 turned 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 tu~ed 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 ofthe·voltage detection amplifier 36 reaches a predetermined threshold value VH or 

higher, the transistor SO 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. 

10 
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According to this embodiment, compared to the embodiment shown in Fig. 1, the time in 

which at least part 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 

detennined 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 perfonned 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 em~odiment 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 circuit 

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 va]ue 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 ~gh 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 tenninal 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. J, is an accessory battery charger for an electric vehicle having an 

accessory battery II and a DC-DC converter III 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 

Ill opposite from the end to which the accessory battery is coJU1ected, 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 coMector 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 external 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 b)ock 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 Joad 13. 15 is a charging outlet which electrically 

connects the charging device 20 and the main battery 11 when the charging device 20 charging 

pJug 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 11h11 

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 I 6, 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 nonnal 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 

4 
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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 tenninal voltage, and is of enough potential to adequately supply 

power to the nonnal state accessory system toad t3·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 IO operates as follows. 

The op amp 18 non-inverting tenninal, 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 nonnal 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 tenninal 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 

5 
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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 

the 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 accessory 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 

6 
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; 

utilized, but also the deterioration of the accessory battery perfonnance, such as fluid loss, due to 

overcharging the accessory battery can be entirely avoided. 

,,..-- - - .. ·- -- -·· ·-7 
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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. 

I. .. Accessory system; II ... Accessory battery, III ... DC-DC convert, IV ... Main battery, 

V ... Charge detection means, VI...Voltage reduction means, 10 ... Accessory battery charger, 

1 l...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 operate.d 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 path 

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 

electri!Z 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 current electric motor, and particularly 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 r~ent 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 travel 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 cUJTent of the generator and the drive current of the electric 

motor are cut, the 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 wil] t~porarily be in a non-load state and will rev up, generating 

noise, reducing component part durability, etc. Furthennore, 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 rotation 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 annature, 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 the 

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 hydrau]ic path 14 from the vaJve 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 engine 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 signa1 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 interna] 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 tJ}is transistor 30 are 

connected so that a closed circuit is fonned 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 internal 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) coMects 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 nonnal gasoline vehicle starter, the internal combustion 

engine J also begins to operate. When the internal 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 original 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 annature is rotated by the output shaft 2 of the internal combustion engine I 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 annature 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 n2, 

matc):i in a time to, an electric signal is output from the comparator 19. Because of this, the 
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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, so 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 t1 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 electric 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 

6 
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Fig. I 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. 

I. 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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