Case 1056 AN ELECTRI C TRACTI O\I MOTOR VEHI CLE The present inventi on rel ates

t oa’ rmtor vehkcl e conprising:: - a fuel engine for producing a first
meehani cal power; - a generator f.or converting said first mechanical power
into a first electrical power; - control neans operable by a driver of .
sai-d vehicle to produce a power -setting signal representative ofcg %efégéed
poter; - a driving whee and.- notor neans for supplying a secon

mechani cal power to sali dr| vi.ng wheel from a second el ectrical power, said

not or means i ncluding an el eggrg NCROTER €dri s said
driving wheel and a circuit for controlling sard electri.c notor that is

responsive to said power setting signal to regulate the value of said

second nechani cal povehiet preental isvaht sahd rdasitelyl POV - mdbber vl Ll &S
havi ng the above features, such as those described for instance in patents

US-4 306 156 andPRRXLSLBES 554, further conprise a battery of accumul ators

that supplies nost of-tha tfuel t&egner E¥rCProdRiny 4 h€iksel edchamimyor.

The fuel engine of these known vehicles is only put into operation when the
amount of ener gyP@& 1 able in the battery drops bel ow a predet ernined

val ue. The fuel engine tiaergenep'pltloes fwtracbmegenalgamd:(ﬁimm rdwisgiicdine

ener gy consumedh%;/wélhei “f'lg'sgDE?éc??h%%g UI red to recharge the

battery. Wen t SHount energy ava e battery reaches anot her
predet ermi ned val ue, gr es:peltztdianmlem,&-Sprepemabg.qorbyet@r dmicdewalafe, salie

Lol (SHOe L5 SHERCts TpRASGa SOBRUEECoDLG LG BLEEA. TR R
provides for th@felae&ﬁﬁléeﬁoi’ewero be operated as a generator to brake the
vehicle, the electrical 8N&k8¥ing wheel; and
- motor means for supplying a second mechanical
power to said driving wheel from a second electrical
power, said motor means including an electric motor
‘mechanically coupled is said driving wheel and a circuit
for controlling said electric motor that is responsive to
said power setting signal to regulate the value of said
second mechanical power to the value of said desired
power.
Motor vehicles having the above features, such as
those described for instance in patents US-4 306 156 and
DE-C-2 943 554, further comprise a battery of accumulators
that supplies most of t:he time the ' energy consumed by
their electric motor. The fuel engine of these known
vehicles is orily put into operation when the amount of
energy available in the battery drops below a
predetermined value. The fuel engine then supplies via the
. generator coupled thereto the energy consumed by the
electric motor and that required to recharge the battery.
When the amount of energy available in the battery reaches
another predetermined value, greater than the preceding
predetermined value, the fuel engiﬁe is stopped. The
energy consumed by the electric motor is then again
supplied solely by the battery. Patent DE-C-2 943 554
further provides for the electric motor to be operated as
a generator to brake the wvehicle, the electrical energy



2 thus produced being fed to the battery inasfar as the latter is not
already fully charged. A vehicle such as those that have just been.

de§cri bed suffer from many drawbacks caused by the battery of accunul ators
with wich it is provided. Thus, for exanple, ,such a battery has a | arge
mass, generally greater than 100 kil ograns and sonetines even several

humdr eds of kil ograns, thereby increasing the. unl aden nass of the vehicle
provided with this battery and hence reducing the overall efficiency of the

latter, i.e. the g ape8dutedidibdiiy ctedalkb & betbErgQualasftir had @heen
anount of energy., Besides, such_a b&;}tg’g has a very |arge vol une, thereby
reduci ng t he r at i P*Hneeh MOfke 24T &R kr hetg8me of the vehicle in

vv][li ch iht i E i nstal | edﬁa%mhﬂ' het @};&h ¥8! ﬂHBsthI&dﬂtﬁ Haakd ejusﬂ:wetdief rd.ehsfdﬂb@@st

of such a battery i i gh,_ therefor increasing the cost price t he
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and hence i ncr easicwgmuiatorisnvéohneclt obt si ofprdvd deethi cl e. Moreover, the

| arge mass and | arge I f_such bat t er. e L] seri p | ens

as regards its instal ;&gﬁgc}ﬁ qoor%' t?éar\lpgjh?'clseu,‘c#/h%s%a%‘%%?ellr’és.bgi %gyéﬁr E“%%rs'

conplicated by thedarallhagreéatsrbahasr  00eddd dgrams razudli $gmatinesi Bven

for mai ntenance e r obl t s e
B L T

resol ved by resor er_conpl ex nmeans WHose cost sti,
i ncreases the cosinlgdere mess: o€ &bhi vebicle Brewidedoviddyddishpatdgaw and

batteries are a SRIlQUS-dfral (e Vel CFERAkncy OHE cB¥eNhtebrani. e.

accident to the vehicle because of the Iarﬁe anpunt of pQIIutlng naterkgls,

such as |ead, sulPMurdisEance okt peamskranehy dabki aksehejngoftuph, With a

-obj ect of the prepRpdn iamoent ef éﬁef%yprovide a vehicle of the sane kind as
u

t he above-descri bed known yehicl es t..whi ch dopes not suffer fron1tEeir
dr awbacks, i.e. a vehR9% th?uﬁhlanﬁﬁt?FYngéﬁxﬁngeﬁﬁu argfsvgrume.

thereby reducing the ratio between the useful internal
volume of the wvehicle in which it is installed and the
total volume of the latter.

Further, the cost of such a battery is high, therefor
increasing the cost price of the vehicle, and its life is
limited, thereby having to replace it periodically and
hence increasing the maintenance costs of the vehicle.

Moreover, the large mass and large volume of such a
battery give rise"to serious problems as regards its
installation in the vehicle, these problems being further
complicated by the fact that this battery needs to be
readily accessible for maintenance and/or replacement
purposes, problems that can only be resolved by resorting
to rather complex means whose cost still further increases
the cost price of the wvehicle.

It should be added that such batteries are a serious
hazard for the environment in the event of an accident to
the vehicle because of the large amount of polluting
materials, such as lead, sulphuric acid or potassium
hydroxide, they contain.

An object of the present invention is to provide a
vehicle of the same kind as the above-described known
vehicles, but which does not suffer from their drawbacks,
i.e. a vehicle which, all other things being equal, has a



. 3"lesser -mass than that. of known vehicles and hence a higher overal
efficiency than the latter, a cost price and nuintenance costs that are
al30 |l ess than those of known vehicles, the vehicle according to the
present invention further having a better usgful volumto total volumratio
‘than those known vehicles and being nmuch | esSer an environnental hazard
t han t hese known vehicles in case of an accident. This object is achieved

by the clainmed notor vehicle which conprises : - a fuel engine for :
producing a firsj.geehapiedle hat o2 KABRA" FLRL105 &E@VEéﬁé gasﬁirgher
first nmechanical power _into a first electrical power; - cont ro

operabl e by a drPverast s%ﬁﬁ:llqﬂeﬁm‘é&’etfﬂ@npr%'@%lcéaétﬁé‘werasé‘totﬁtngmegﬁaland

representative Ohafn€@Shhd BOYES: thatlafbi ¥18g 1AE8! thahd tho¥d Uf B
for supplying a second mechanical ,power to said driving wheel froma second

el ectrical pomervegéFHeﬂDtB?enﬁﬁhéciﬁcﬁﬁﬁpﬁélaﬁ EPeERe PIRSEHT idtiRiHiian |y
cogpl e?ht? sai d it ¥hes mm@ﬁhg adlfbétﬁ-‘éf the%fdlorvcmm{ lrtcait |dd%lsatdii1ﬁt{ Qﬁt‘fl&
not or at is responsi\ve ai owe in i gnal _to adjus e val ue
of said second n’é}gﬂﬁm%é? ?)oj@ro“frg i‘l\F; gfla s iTEE pFser

whi ch is char actmvzmknnent&\hthmrﬂ veHare | thege tiiewne eghriicies ddj ufatsaarﬁf
nmeans responsivc%#()é%i ower setting signal to adjust the rotational
speed of said fu engine to the value at which said first nechani cal power
‘is at |east substant |'J%th%/ ahpedt, ifs eshlipverdo ba/ait@edeiiadEIedpmn@omr\mhicle
secondly, to a ppedet dokraction of said fuel engine's maximm
mechani cal power, sald adj ustment neans including transfer neans that are
electrically coupled to SaifkejerRring &0y pyoducdngotorfidshsmes

said second el eglidyezal power fromsaid first electrical power.

- a generator for converting said first mechanical
power into a first electrical power;

- control means operable by a driver of said
vehicle to produce a power setting signal representative
of a desired power;

~ a driving wheel; and

- motor means for supplying a second mechanical
power to said driving wheel from a second electrical
power, said motor means including an electric motor
mechanically coupled to said driving wheel and a circuit
for controlling said electric motor that is responsive to
said power setting signal to adjust the value of said
second mechanical power to the value of said desirea
power; | '

and which is characterized in that said wvehicle
further comprises adjustment means respon51ve to said
power setting signal to adjust the rotational speed of
said fuel engine to the wvalue at which said £first
mechanical power is at least substantially equal, firstly,
to said desired power and, secondly, to a predetermined
fraction of said fuel engine's maximum mechanical power,
said adjustment means including transfer means that are
electrically coupled to said generator and to said motor
means to produce said second electrical power from said
first electrical power.



4 As will be shown further on, these characteristic features enable the
vehi cl e.-according to the present ivention to conprise, at |least in sone
enbodi nents, no battery of accunulators such as the one that supplies to
t he electrlc mot or of the known vehicles the electrical energy needed for
their operation. Those characteristic features al so enable the vehicle
according to the invention to only conprise, in other enbodinents, a
battery of accumulators of considerably smaller capacity than that in the

known vehi cl es. Thes £hat et g %t ! toe?'),ﬁ#ﬁérog he. el C&ﬁa?ﬁ%&%@i@%itco

the i nvention thus na e It possi el rm nate or
consi derabl y red%%@t'#ﬁésamlmhbﬁoﬁﬁlmé\b%ﬁk@rﬂw@n BPe thssoprgseat i s

the known vehi cl gfentiéh the RmpseRes Wt albastenn FonpCcambbainestel hyyge
capacity. Qher objects and advantages of the present invention w_l| becone

evi dent " from t hP3F 6T Wy JLSERHATUF FUG RS oFif { SN BBAF mEHPR Lieeh Lo
reference to thecpecerpatyiogmdtani 8@s thlen mﬂamh verﬂcgw@ ﬂheSeaectncal

di agrammati c and arti al 55& entg%lon qﬁg lim g gxanp

an embodi nent of $#$%EIY P 8br ﬁértG TRFent 1SS FraFc epgsglc
table sumari zi rmeahereaeralson alalsher et hﬁemmene@éeonam@e ¢ehi ehe of
tically repr

Figure 1; Flgure a ram enting,t
mechani cal powerrgﬂﬁﬁF?gg %3) oyEﬁ HRHESEn dﬂbeﬁ%@ﬁ%é 8ﬁb ?&nF%% |oﬁal
speed; Figure 4 bdttesty acbﬁsad:d:mnm];mrcms af ofonsidexdbly esmélFegureparity

Figure 5 is a diggra QE%% Gn2p epﬁ&%%aamﬁﬁgﬁggpntatlon still by way of
ment

non-limting examp anot of the vehicle according to the
present invention: FiThese 6 ¢hanagtaph sdiiayr Aeaturces| yofepthentvekiche

mechani cal  povery SRR Y thef YaleBRIbACLhsIRARBIZRCBossible to fully'
eliminate or at least considerably reduce the above-
mentioned drawbacks which are associated, is the known
vehicles, with the presence of a battery of accumulators

of large capacity. _

Other objects and advantages of the present invention.
will become evident from the following description of some
of its embodiments with reference to the accompanying
drawings, in which :

Figure 1 1is a diagrammatic and partial
representation, by way of non-limiting example, of an
embodiment of the vehicle according to the invention;

Figure 2 is a table summarizing the operation of some
of the components of the vehicle of Figure 1;

Figure 3 is a graph diagrammatically representing the
maximum mechanical power supplied by a fuel engine in
dependance on its rotational speed;

Figure 4 ‘illustrates the operation of the wvehicle of
Figure 1;

Figure 5 is a diagrammatic and partial
representation, still by way of non-limiting example, of
another embodiment of the wvehicle according to the present
invention;

Figure 6 is a graph diagrammatically representing the
mechanical power supplied by a fuel engine in dependance



.5 on its rotational speed for a nunbér of val ues of a control si gnal ;
Figure 7 is a table summarizing the operation of sonme of the conmponents of

the vehicle of Figure 5; Figure 8 illustrates the operation of the vehicle
of Figure 5; Figure 9 is a diagrammtic and partial representation,
still by way of non-limting exanple, of a further enbodi nent of the
vehicl e according to the present invention; Figure 10 illustrates the

operation of the vehicle of Fi gure 9; Figure 11 is a diagramatic and
partial represengatijal gbichk ibhateysPbefOrEds Mhl iMufAnBlee vo{u880WIer 5
enbodi ment of the vehicle according to the present i1nvention; and Figure 12
di agr ammat i cal | ySPRpFekeftE@ont rol neans that are usable in a vehicle

g_ccordi ng to Itlhe presxer@ui@nert:é @.calmé'@%nafmd ; F_Qiiﬁ@nﬁliléhaﬁefétihpnl of some

iagrammatically and partial represented. in_ Figure, the vehicle

according to theogréégn‘?or? G%RE § e?’ﬁPF"il?eggr}a% %e' conpri ses a

driving wheel 2 that Figueeh&niIhistyraosnechedopardtioon addrehaorelsiold of

separately, of aﬁgelectgjc notor 3. Motor 3 may be of the sane kind as any
0

one of the vari IWET 12%known el ectric notors that can be used to drive a
driving wheel of a vehigheend9w |isthexef ciiagoammatdbscrided | npgréedtel

detail. In fi ; t b .
Cheir mechant cal LPRERE Ao ST by vBG 6 ER T HEYE1 SFPALARSLY, K o
cl ear that wheel f@rther rekedinanty dfe theuplebdcdedacoyrding to Uhe present .

Al so, the |inkagg,pgivgs wheel 2 and the rotor of motor 3 may be direct,
as shown, or via a gear train or. _any other simlar arrangenent. Vehicle 1

further conprises a denguxe ¢t iddpsityrtesatheasReEreion 9§ nehe Seghicle of
representative ofjdfye ret ational ’

Figure 11 is a diagrammatic and partial

representation, still by way of non-limiting example, of

another embodiment of the wvehicle according to the present

invention; and

Figure 12 diagrammatically represents control means
that are usable in a wvehicle according to the present
invention. |

In the embodiment that is diagrammatically and
partially represented in Figure 1, the vehicle according
to the present invention, generally referenced 1,
comprises a driving wheel 2 that is mechanically connected
to the rotor, not shown separately, of an electric motor
3. Motor 3 may be of the same kind as any one of the
various well-known electric motors that can be used to
drive a driving wheel of a vehicle and will therefore not
be described in greater detail.

In figure 1, wheel 2 and motor 3 have been shown
separately and their mechanical 1linkage has been
symbolized by a double line. But it is clear that wheel 2
and motor 3 may be coupled side by side to one another.
Also, the linkage between wheel 2 and the rotor of motor 3
may be direct, as shown, or via a gear train or any other
similar arrangement.

Vehicle 1 further comprises a device for supplying a
measurement signal SQ representative of the rotational



"6 speed of notor 3. This device may conprise, as shown in Figure 1, a disk
‘31 concentrically fixed to the shaft connecting notor 3 to wheel 2, a
phot o-el ectric or magnetic sensor 32 producing pul ses in response to-teeth
or holes, not shown, regularly arranged at Qpe peri phery of disk 31 and
travelllng past the sensor, and an electronic circuit 33 supplying the
signal. SQ in response to the pul ses produced by sensor 32. These vari ous
conponents of the device for neasuring t he rotational speed of nmotor 3 will

not. be descri bedspedr 821 fbedst 31| 1ha o il | cHiippisko 3BSHRNKS

- This measuring device nor eover _be construct i n many of her

are also well - kn%%«xﬁiurerhé'véhl@%%"13ﬂ-urqqmeft§ﬁﬁﬁ?4%b§ g1xgf 1 Ehecshafir

for transmtting.4en8Btehg3 méfod fPr &b aﬁﬁ@é@d 40 BhepRatbei1dicdie: or
| atter, electrical energy it receives iLn manner that wll be explained

further on. ContMAFMEIC FE0SOR {4 Hﬁ@d%%l@%sﬁ? Ped Fﬁ H@FBPPséstPt§33th
structure obvi oust yh@lwend:so@ Nshéwn Nategel et 1 yoaprasgeddaen thiee pedtifhiaty
which it receives tQF q% rical eneng% Tent i oned_ahqve. Sufflce |t 0 _say
that control cirhi @4 ﬁ%ﬂ%’ég S TRYRLL PREs TS Ex T eSSBS+ G109 nfth
term nal s 4a anceMdctmomiid hEitrdditd §3a<mmmg Ith@ulsa.gmaﬂhsgelmx:ms@@hse
power it supplies_t t Cc e Vv of we i_.ng
signal SCit regé v%? ﬁlée V??Q gg%@ri efgé t%% ﬁegg%hga%gﬁhe of
the signal SQ reqnmmmatsvefofthmedewiaei cfmed mgeedrmngrmﬂm Botanibngdre

1, the 1ink betveen.goun il &rf Uei1f BOC 0" 8hsdribedy TROLEERECDY dBealP! ©

| ine al though it 71's obvious e up severa conduct or ose nu
equal to at Ieasitstﬁbexn@-ﬁ?eﬁ%h]s oRovhe toatspechrl kBESr ?hrﬁwemﬁéﬁllé'ﬂ-égl

nor eover CONPri sfsyiaxd ‘tl@.ly &B&}éaeé bé - EonSEERHEI & D REHL Idthd TR AR ¢aht
energy in response 238% e i? ustlon of a fuel. Such an engi ne may, for
are -kn

The vehicle 1 further comprises a control circuit 4 .
for transmitting to motor 3, in a form adapted to the
nature of the latter, electrical energy it receives in a
manner that will be explained further on.

Control circuit 4 will not be described in detail as
its structure obviously depends on the nature of motor 3
and on the form in which it receives the electrical energy
mentioned above. Suffice it to say that control circuit 4
comprises, in the present example, a pair of input
terminals 4a and 4b, and that it is adapted to regulate
the electrical power it supplies to motor 3 in dependence
on the value of a power setting signal SC it receives from’
a device described hereafter and on the value of the
signal SQ representative of the rotational speed of motor
3.

In Figure 1, the link between control circuit 4 and
motor 3 is symbolized by a simple line although it is
obviously made up of several conductors whose number is
equal to at least two and depends on the nature of motor
3.

The vehicle 1 moreover comprises a fuel engine 5,
i.e. an engine producing mechanical energy in response to
the combustion of a fuel. Such an engine may, for



7 instance, be a gasoline engine, a diesel engine, a gas turbine, etc. The
out put shaft of engine 5 is connected to the rotor, not shown separately,
of¥an electrical energy generator 6 by'a.nechanical li nk synbolized by a
doubl e line. Engine 5 and generator 6 have a7so been shown separately, but
they may of course be coupled side by side t'o one another. Al so, the
mechani cal |inkage between the output shaft of engine 5 and the rotor of
generator 6 may be direct, as shown, or via a gear train or any other

simlar arrangenepleadie S o phs0Pne ook fe vl W dian nloeen SN

separately either, Mpri sés in resen
termnals 6a andtﬁxblm@,vﬁﬂq be made cl ear further on, the voltage produced

by generator 6 acrossrﬁgrgheﬁhg 6a, Ad g? gﬁg.q_ rgotggelg &

be d.c. or a.c., the control "circuit Ing O course surt%b
adapted. The el e6®EPEal %veﬁhewﬁplsw@tebmeratforae |e§-qor@?ﬂ5¢%¥rédemy

control circuit RAr&t LW bie QU it dHagh ida1C Uil fink! SAbEDi e@abl Af dotiile
termnals 7a andﬁeb respectlvg?y connect ed tozﬁhe term nal s 6§9and 6b of

generator 6 and %1B§|r of output termnals 7c and 7d respectively connected
to the termnals 4a amhglihef 5t %&O@e&ﬁrﬁdﬁu@ Hatt elPs! edDt 8hodm -

Regul ating circuit | ud I rst resistor nd a firs ftch 9,
connected in ser?%%a’?ﬁrtc%%ng’ 5§’ﬁ¥rm3¥d° oﬁ‘é‘t‘:ﬁ%? %r?ﬁ“r%l%f{ ‘rlgset%y side
regul ating el enetw d:ﬁ)ecamoehéed Abspar ahéEhedhaﬂSGaILEE.ﬁmhalg& Yataeen/lthe
Regul ating circuit I n | so .a s Si St a_s n Wi fch
12 connected |n tr%lﬁ %wgfhoén@%%ﬁﬁg n%nd-’ Jg%ﬁ é%%ﬁ&agggegoﬁ\ﬁy
regul ati ng el ensoe dsreonne@tseclshqwrs.eroesvaar @s gear rrtmati.g e aamly 7other
Mor eover, term ngls %%zyy}azgeﬂgnﬁegulating circuit 7 are directly

connected to one anot ]
The stator of generator 6, which has not been shown

separately either, comprises in the present example a pair
of output terminals 6a and 6b._As will be made clear
further on, the voltage produced by generator 6 across
terminals 6a and 6b when motor 5 drives its rotor may be
d.c. or a.c., the control circuit 4 of motor 3 being of
course suitably adapted.

The electrical power supplied by generator 6 is
transferred to control circuit 4 by a power regulating
circuit 7 having a pair of input terminals 7a and 7b

respectively connected to the terminals 6a and 6b of
generator 6 and a pair of output terminals 7c¢ and 7d
respectively connected to the terminals 4a and 4b of the
control circuit 4 of electric motor 3.

Regulating circuit 7 includes a first resistor 8 and
a first switch 9 connected in series with one another and
together forming a first regulating element 10 connected
in parallel across terminals 7a and 7b.

Regulating circuit 7 includes also a second resistor
11 and a second switch 12_connected in parallel with one
another and together forming a second regulating element
13 connected in series across terminals 7a and 7c.

Moreover, terminals 7b and 7d of regulating circuit 7
are directly connected to one another.



8 Switches 9 and 12 have been shown in Figure 1 in the formof sinple
-contacts but obviously they preferably consist of electronic el enents such
as-transistors or thyristors. In whatever nmanner they are nade, Switches 9
and 12 are respectively controlled by signalgs SI1 and SI2 that can each
take two separate states, and they are arranged to be open -or closed
acctording to whether their respective control signal SI1 or SI2 is inits
first or second state. Thus, in the Figure 1 situation, signal SI1 is in

itz firsthstgte an? syﬁﬂg%%é&i%sa@gqu @?Qes?gaﬁlsﬁbagisnipgghgesgcgﬂdtgﬁate

and switch 12 is_closed. Si s Sl an | 2 ar.e produce circyits at

will be descri bedP¥r Phe %’%ﬁ%dcgﬁl aFﬁgpg’d’[ti \&?‘Qf%‘bif e%bt%’ skF BEREEPS Yand

12 by l|inkages syorslsuzedfbyelewireoniot ékdmbhnss suble ashitdamsidtgtdeor

conprises a deViq%Q%%E%Eéing a neasurenent signal SR that is representative
ee )

of the rotational of fuel engine 5. This device may include, as
shown in Figure 1, a Igh sthatewveoncemns dHey fapeednade t hewistcties cdnandt Lag

engine 5 to gen - ' r net e S or dyci ng
Pu'ses in respotis fiethefrirely FofEteLfed) shRURGRRT "SI et PESTLRLE
arranged at the qsay igawh ycake diwk sepawake rstaties n@aphstheneasensoranged an

el ectioni ¢ ci 1 CUid 1k oHpPbY 820808 AbocTaLY 5 HARHACKO LhATPYLSBE L ive

produced by sensor 15. "These_var]ous conponents of the device nmeasuri ng
the rotational $98EFOR §LIBAYI BEL PRiFI2 Het iPeibesEirpey sepnd Gtat@-ai |

as they are well-knowhukQ s$Aeehal Fidsre Tishi tdRion, CalghBIegYer iBein its
constructed in nunerous other V\ngés that are al so Il -kno guf,flce it to

say here that tHHiEsfeFitater BRAnSELLFR Y 1O a §i98Bde§IR oF &RgiR€ 5
is arranged for deond goate Skhd oswicieth a2migi BUSsed@l ue SRm when engine 5

rotates at its mninunspeed i s belpg Lo sheed hel oy whiseh, it I s Lol e
will be described further on and are respectively applied
to switches 9 and 12 by linkages symbolized by chain-
dotted lines.

The vehicle 1 further comprises a device supplying a
measurement signal SR that is representative of the
rotational speed R of fuel engine 5. This device may
include, as shown in Figure 1, a disk 14 concentrically
fixed to the shaft connecting engine 5 to generator 6, a
photo-electric or magnetic sensor 15 producing pulses in
response to teeth or holes, not shown separately,
regularly arranged at the periphery of disk 14 and
travelling past the sensor, and an electronic circuit 16
supplying signal SR in response to the pulses produced by
sensor 15. These various components of the device for
measuring the rotational speed R of engine 5 will not be
described in greater detail as they are well-known to
specialists. This device can moreover be constructed in
numerous other ways that are also well-known.

Suffice it to say here that this device for measuring
the rotational speed R of engine 5 is arranged for the
signal SR to have a minimum wvalue SRm when engine 5

- rotates at its minimum speed, this being the speed below
which it is liable to stoll and at which the mechanical
power it supplies is practically nil, and for the signal



power it supplies is practically nil, and for the signal 9 SR to have a
maxi mum val ue SRM when engine 5 rotates at its nmxi num speed, i.e. the
speed that it nmust not exceed for fear of damage. The vehicle 1 furthernore
conprises an accelerator pedal 17, simlar 4o the accelerator pedal of a
conventional vehicle, which is nmechanically connected, by a |inkage
synbol i zed by a chain-dotted line, to a sensor 18 supplying a signal SC
representative of the position of pedal 17. Signal SCis the one nmentioned
earlier in descgrbiteg Have GDmi:0lmed edlde 4SRM whenr eBgifienSorrakéued latot

be described in,detail .as it _is.a well-known el nt, that regver be
constructed in #-5aPPELPB: SRESY: Suffi @ei%p?%gg%ﬁ%e{% I?‘ﬁ%? ré@?’]s%fc %é)i s
arranged for si gogl £&xrtof hdamage.m ni num val ue SCm when pedal 17 is in the
position it takes up, e h ri,v vehicle ot .t i for
signal SC to- have a Xi er'ﬁ}rﬁl\galguel ?é}\ﬁoé\%eelﬁ@%e %I%’lngggé?)? \%’gh%%]lé%a?%ésjrses
pedal 17 agai nspeidied eldd ,of similant ment .ther acecederatorat pddal beofade
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arranged for signal SC to have a minimum value SCm when
pedal 17 is in the position it takes up when the driver of
vehicle 1 does not touch it and for signal SC to have a
maximum value SCM when the driver of vehicle 1 presses
pedal 17 against its end of run abutment.

For a reason that will be made clear further on, it
is necessary for the device for measuring the rotational
speed R of engine 5 and for sensor 18 to be so arranged
that signals SR and SC are of the same nature. Fo:
example, each of these two signals may consist of an
electrical voltage. It is also necessary for this device
and for this sensor to be so arranged that the minimum
values SRm and scm of signals SR and SC are at least
substantially equal, as also the maximum wvalues SRM and
SCM of signals SR and SC. It is moreover preferable but
not mandatory for signal SC to vary at least substantially
linearly between its minimum value SCm and its maximum
value SCM in dependence on the position of accelerator
pedal 17.

The above-mentioned signals SI1 and SI2, which are
the control signals for switches 9 and 12, are
respectively produced by a first comparator circuit 19 and
by a second comparator circuit 20. Comparators 19 and 20
each have a first input connected to circuit 16 and



by a second conparator circuit 20. Conparators 19 and 20 each have a first
input cennected to circuit 16 and 10 thereby receiving signal SR .a
sacond i nput connected to sensor 18 and thereby receiving signal SC, and an
out put supplying signal SI1 or, respectivel Sl 2. Conparator circuit 19 is
so arranged that signal SI1is inits first”State when the val ue of signal
SRis less than or equal to that of signal SC, and that signal SI1 is in
its second state when the value of signal SR is greater than that of signal
SC. Conpar at or cj by 2PadSi I‘f&g&ﬁ at , s Sk2put iddrded
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This operation of comparators 19 and 20 is summarized
in the table of Figure 2 which indicates the states of
switches 9 and 12 in the three possible cases, i.e. in the
cases where signal SR is respectively less than, equal to
or greater than signal SC. In this table, numerals 1 and 2
indicate whether the signal whose reference appears at the
top of the column is in its first or second state. -

Comparators 19 and 20 will not be described in
greater detail as such circuits are well-known to
specialists. Moreover, their construction obviously
depends on the nature of the signals SR and SC they
receive on their inputs and on the nature of the signals
SI1 and SI2 they have to supply to switches 9 and 12 to
open or close them.

Before beginning to describe the operation of vehicle
1, it should be recalled that, in any motor wvehicle, of
whatever kind, the mechanical power supplied by the
traction motor is regulated, by appropriate means whose
nature depends on that of this motor, to a desired value
that is determined by the position of the vehicle's
accelerator pedal. In other words, to each position of the
accelerator pedal there corresponds a desired mechanical
power, and the means for regulating the mechanical power
supplied by the motor so act on the latter that the



accel erator pedal there corresponds a desired mechani cal power, and the
‘means f-or regul ating the mechani cal power supplied by the notor so act on
the latter that the mechani cal power it effectively supplies becones or
remai ns equal to this desired nechani.cal pomser. In the case of the vehicle
1, each value of signal SC, that is representative of the position of

agcel erator pedal 17, thus corresponds to a particular value of a desired
mechani cal power which will be referenced Pc, and the mechani cal power
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the present example, that engine 5 always produces the
maximum power it can produce at the speed at which it
rotates whatever that latter speed. Thus in the case where
fuel engine 5 1is a gasoline engine ,supplied by a
conventional carburettor, this condition is fulfilled by
blocking the carburettor's throttle wvalve in its fully
open position or by doing away with this throttle valve
all together.

Figure 3 diagrammatically illustrates the well-known
variation of the mechanical power Pm produced under these
conditions by engine 5 in dependence on its rotational
speed R. It should be noted that, since the mechanical
power ' Pm produced by engine 5 is always equal to the
maximum mechanical power it can produce, whatever its
rotational speed R, the signal SR representative of this
rotational speed R is also representative of power Pm.

For another reason, which will also be made clear
below, the device for measuring the rotational speed R of
engine 5, formed in the present example by disk 14, sensor
15 and electronic circuit 16, is preferably so arranged
that signal SR, which, as has just been shown, is also
representative of the mechanical power Pm supplied by
engine 5, varies at least substantially linearly between

«*



"that signal SR which, as has just been shown, is also representafive of -
t he nechanical power Pm supplied by engine 5, varies at |east substantially

linearly between 12 its mninumvalue SRmand its maxi mumvalue SRM "in
dependence on power Pm The nechani cal po Pm produced by fuel engine 5
when vehicle 1 is noving is converted into electrical power by generator 6.
This latter electrical power, which will hereinafter be terned el ectrical

power Pe, is transmitted to control circuit 4 of notor 3, totally or
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power, hereinafter termed mechanical power Pn. Mechanical
power Pn is obviously used by driving wheel 2 to move
vehicle 1 forward. Powers Pm, Pe, Pf and Pn have been
symbolized by arrows in Figure 1.

Part of mechanical power Pm is dissipated in
generator 6 so that the electric power Pe supplied by the
latter has a slightly lesser value than that of mechanical
power Pm.

Similarly, part of electrical power Pf supplied by
regulating circuit 7 to control circuit 4 is dissipated in
the latter and in electric motor 3, so that the mechanical
power Pn produced by the latter has a slightly lesser
value than that of electrical power PEf.

But these powers that are dissipated during these
conversions are generally slight compared to the
mechanical power Pm supplied Dby engine 5 and,
respectively, éompared to the electrical power thgt is
absorbed by motor 3, so that they shall be neglected in
the following description of the operation of vehicle 1. A
specialist will have no difficulty in dimensioning the
various elements of vehicle 1 to take into account, if
necessary, these powers being dissipated in generator 6,
in control circuit 4 and in motor 3.



various el enents of vehicle 1 to take-into account, if necessary, these
powers being dissipated in generator 6, in control circuit 4 and in notor -
3.x 13 So as not unecessarily to conplicate the foll ow ng description of
the operation of vehicle 1, it will be assufggd therefore in this
description that the electrical power Pe supplied by generator 6 is equal
t o the nmechani-cal power Pm produced by fuel engine 5, and that the
mechani cal power Pn supplied by electric notor 3 to driving wheel 2 is

equal to the electricsd pewabtPlunidirissldie 16oNEd OtoMplithte4tht M 1Wowding
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rotational speed RL of engine 5 and to this nechanical power Pnl s thus
equal to the val%%rﬁﬁﬂFc%-signal SC. The signal SI1 produced by conpar at or
19 is thus inits firsd willal €urkbekthBe a¥bhmédIchat opan thdheas (e tdigal
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for some time. This value SCl of signal SC corresponds to
a value Pcl of the desired power Pc, i.e. the mechanical
power Pn that electric motor 3 is required to supply to
wheel 2.

Under these conditions, and as will be made clear
further on, fuel engine 5 rotates at a speed Rl which
happens to be that at which the value Pml of the
mechanical power Pm it produces is equal to the wvalue Pcl
of the desired power Pc.

The value "SR1 of signal SR corresponding to this
rotational speed Rl of engine 5 and to this mechanical
power Pml is thus equal to the value SCl of signal SC.

The signal SI1 produced by comparator 19 is thus in
its first state, so that switch 9 is open, whereas the
signal SI2 produced by comparator 20 is in its second
state, so that switch 12 is closed. The regulating circuit
7 is thus in the state shown in Figure 1 wherein resistor
8 is not connected and resistor 11 is short-circuited.

The value Pfl of the electrical power Pf supplied by
regulating circuit 7 to control circuit 4 is thus equal to
the value Pel of the electrical power Pe produced by
generator 6, which value is itself equal to the value Pml
of the mechanical power Pm produced by engine 5, and hence
to the value Pcl of the desired power Pc.



the value Pel of the electrical power Pe produced by generator 6, which
value is itself equal to the value Pml of the nechani cal power Pm produced
by engine 5, and hence to the value Pcl of the desired power Pc. 14 1t
follows that the value Pnl of the mechanical, ,power supplied by electric
notor 3 is also equal to the value Pcl of thé desired nmechani cal power Pc.
It should be noted that, in this situation, the driving torque created by
fuel nmotor 5 is equal to the braking torque created by generator 6, SO
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and corresponding to a new value Pc2 of the desired power
Pc, also less than the previous value Pcl of that desired

power Pc.

As will be made clear further on, this diminution of
signal SC has no immediate effect on the rotational speed
R of fuel engine 5, and hence on the value of signal SR
which remains equal to SR1l. Signal SC is thus now less
than signal SR, so that comparator circuit 19 puts signal
SI1 in its second state, thereby causing switch 9 to
close. On the other hand, comparator circuit 20 does not
modify signal SI2, which remains in its second state,
switch 12 thus remaining closed.

The closure of switch 9 causes resistor 8 to be
connected in parallel with generator 6 and control circuit
4, and hence to increase the braking resistance created by
generator 6, which resistance becomes greater than the
driving torque created by fuel engine 5.

The rotational speed R of engine 5 and the mechanical
power Pm it supplies thus diminish all the faster when the.
value of resistor 8 is low.

When rotational speed R reaches value R2 at which
signal SR has a value SR2 .equal to the new value SC2 of
signal'SC, comparator circuit 19 restores to signal SI1



value of resistor 8 is low Wen rotational speed R reaches val ue R2 at

~ which signal SR has a.value SR2 equal to the new value SC2 of si gnal SC,
conmparator circuit 19 restores to signal Sl1 15 its first state, so that
switch 9 again opens and the .connection of yg¢sistor 8 to generator 6 is
interrupted. Further, the value Pn2 of the mechani cal power Pmsupplied by
enagine 5 is now equal to the new value Pc2 of desired power Pc since the
val ue SR2 of signal SR is now equal to the value SC2 of signal SC Since,
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and Pn.

This situation remains unchanged as long as the
driver of vehicle 1 does not modify the position of pedal
17.

If the conductor of vehicle 1 then increases, still
by way of example, the pressure he is exerting on pedai
17, signal SC takes on a new value SC3 which is greater
than the previous value SC2 and which corresponds to a new
value Pc3 of the desired power Pc, which is also greater
than the previous value Pc2 of desired power Pc.

This increase in signal SC has no immediate effect
either on the roational speed R of fuel engine 5, and the
value of signal SR thus remains equal to SR2.

Signal SC is thus now greater than sigmal SR, so that
comparator circuit 20 puts signal SI2 in 1ts first state,
thereby causing switch 12 to open. On the other hand,
comparator signal 19 does not modify signal SI1l, which
remains in its first state, switch 9 thus remaining open.

The opening of switch 12 has the effect of connecting
resistor 11 in series between generator 6 and control
circuit 4 and hence of decreasing the braking torque
created by generator 6, which becomes less than the
driving torque created by fuel engine 5.



~resistor 11 in series between generator 6 and control circuit 4 and hence
of decreasing.the braking torque created by generator 6, which becones |ess
than the driving torque created by fuel engine 5. The rotation speed R
of motor 5 and the nechani cal power Pmit Sﬂ§plies thus increase all the
faster when the value of resistor 11 is high. Wen rotational speed R
reaches val ue R3 .at which signal SR has a value SR3 equal to the new val ue
SC3 of signal SC, conparator circuit 20 restores to signal SI2 its second
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is still open, vehicle 1 is again in a stable situation
similar to those described earlier, i.e. a situation
wherein powers Pm, Pe, Pf and Pn are all equal to the
desired power Pc determined by the position of pedal 17,
the only difference between the present situation and the
preceding situations being the value of desired power Pc
and hence of powers Pm, Pe, Pf and Pn.

This situation remains unchanged as long as the
driver of vehicle 1 does not modify the position of pedal
17 and the value of signal SC remains thus equal to SC3.

Figure 4 illustrates diagrammatically the progress of
the various processes described above as a function of
time t.

In figure 4, graph a) illustrates by a continuous
line signal SC and the corresponding desired power Pc, and
by a broken line the signal SR representative of the
rotational speed R of engine 5 and the mechanical power Pm
‘supplied by engine 5. As shown above, signal SR and
mechanical power Pm differ respectively from signal SC and
desired power Pc only for very short periods of time
during which mechanical power Pm varies in response to a
variation of signal SC. That is why the broken line
representing signal SR and power Pm is only visible during
these periods of time. It should be noted that the

-



during which nmechanical power Pmvaries in response to a variation .of
.signal -SC. That is why the broken line representing S|gnal ‘SR and power Pm
is only visible during these periods of tinme. It should be noted that the
17 variations of signal SR and of power Pmqare generally not |inear as
shown for 5|an|f|cat|on purposes only. G aphs b) and c) of Figure 4
respectively represent the states of signal SI1 and switch 9, and the
states of signal SI2 and switch 12. In graphs b) and c), references 1 and 2
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another embodiment of the vehicle according to the
invention, generally referenced 51.

Like vehicle 1 of Figure 1, vehicle 51 comprises a
driving wheel 2, an electric motor 3 for driving wheel 2,
an accelerator pedal 17 and a sensor 18 producing a signal
SC representative of the position of pedal 17 and hence of -
the desired power Pc that motor 3 has to transmit Eb wheel
2. These elements and this signal are identical to the
elements and to the signal that are designated by the same
references in Figure 1 and will therefore not again be
described here.

Vehicle 51 further comprises a circuit 54 for
controlling motor 3 whose function is similar to that of
circuit 4 in Figure 1 and which will therefore not again
be described either. It should however be mentioned that,
in this example, the electrical energy which is received
by circuit 54, in a manner described later, is supplied
thereto under d.c. voltage, and that circuit 54 is of
course consequently arranged.

It should be noted here that the electrical
connections between the various elements mentioned above
or which will be mentioned later have been symbolized by a
simple line in Figure 5, even though these connections
consist of several conductors as is obviously the case,



It should be noted here that the el ectrical connections between the various
el ements nentioned above or which will be nmentioned | ater have been
synbolized by a sinple line in Figure 5, even though these connections
consi st of several conductors as is obvious t he case, 18 for instance,
with the connection between control circuit %4 and notor 3. Vehicle 51
further conprises a fuel engine 55 which, |ike engine 5 of vehicle 1, may
be of the sane kind as any of the wel | - known engi nes resorting to fuel
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Vehicle 51 furthermore comprises a generator 56 which

produces a.c. electrical energy when its rotor, which has
not been shown separately, is rotatably driven by the
output shaft of engine 55 to which it is mechanically
connected.

The output terminals of generator 56, which have not
been shown separately either and whose number depends on
the single phase or polyphase nature of the a.c. voltage
produced by generator 56 are connected to the inputs of a
converter 57 for supplying the d.c. voltage needed for the
operation of the circuit 54 for controlling the above-
mentioned motor 3.

Converter 57 will not be described in detail as it is
a circuit well-known to specialists. Suffice it to say
here that it is arranged to transmit to control circuit 54
all of the electrical power it receives from generator 56
when a control signal SD, described later, is in a first
state, and to transmit to control circuit 54 only part of
this electrical power when signal SD is in a second state.

The signal SM mentioned earlier, whose value
determines the mechanical power supplied by engine 55 at
each of its rotational speeds, is ‘produced by a circuit
constituted, in the present example, of three switches 58,
59 and 60 and of three comparators 61, 62 and 63.



this electrical power when signal SDis in a second state. The signal SM

nmentioned earlier,
ergi ne 55 at each of
in the present exanple, of thr

consti tuted,

three conparators 61, 62 and 63.
switches 58 to 60 is connected to the term nal
expl ai ned earlier,

whose val ue determ nes the nechani cal power supplied by
its rotational speeds, is -produced by a circuit

swi tches 58, 59 and 60 and of
19 Afirst term nal of each of the

55a of engi ne 55 which, as

is intended to receive signal SM A source, not shown,

supplies to the secon figist RAlrmdhaiWolfCRa28 BfrsicheakwetchiexedgvabugoShL,

to the second ternina

to the second te‘??ﬁ%%‘l’t%‘% % E%ﬂe

and
asor

59 anoth

cheEEhAty Senaf arsiitosTat e

a reason whi ch védgldierdreaelter, | 4 eintandddiaov aleteiGdllsignabagmwhi ch

si gnal
rotation,

SM h f ' 5 I ] |
2 echani cd) SPOAP- ok SRVH SELOPLARE] bR bR p8

ﬁggi ?r%?ﬁ“inal

mechani cal' powerqf tdwistdh atd | @ansagnaht ofig fixed0%alue BMInr esenthexaspbadbut

of course possi
t hat whi ch signa

Sy 7%“3#¥%&f§5ﬂ“§§“§n3

AL ke he valis BB 1S

anical

SM must ave 10or engine

power | ess thanarshtta ttheyseicond ®esmisagnalf Swikab 6Beaabbiwzd sitgnadned

value SML. In t

ha e saibecsspl € the value SM2 is that which signal
nmust have for engine 55 to supply practically no nore_nechani cal

SM
power ,

while still carryi ngFe¥ Potkaadsey Whikamevillhbegamge cdpar datas i chhe

signal SM nust Raved @Miend RGa8SwhechUBRLMa® BRCRASECRAVEOREE QﬁﬁﬂﬁérsSha”
that it supplies when sjignal, SM has §he above- nentioned value SML. | n the

present exanpl e ¥hURR ¥ KRtV EHnFRRES GRaF OSRtHS: IVRCFRALGRE ne
55 to supply it powed ragqualeciwin céét povRELIBaL eferits ittt Ghedlpdni ¢QD.

Figure § di agramimiloal LG L1 IASHAES SRb8nk3h5"deM a0 i PRSI SR ne
example but of course possibly amounting to another value.

Similarly, the value SM2 is that which sighal SM must
have for engine 55 to supply only a mechanical power less
than that it supplies when signal SM has the above-
mentioned value SM1. In the present example the value SM2
is that which signal SM must have for engine 55 to supply
practically no more mechanical power, while still carrvying
on rotating. '

Further, the value SM3 is that which signal SM must
have for engine 55 to supply a mechanical power greater
than that it supplies when signal SM has the above-
mentioned value SM1. In the present example the value SM3
is that which signal SM must have for engine 55 to supply
its maximum mechanical power whatever its speed of
rotation.

Figure 6 diagrammatically illustrates this variation
of the mechanical power Pm supplied by engine 55 in
dependence on its rotational speed R for the three values
SM1, sM2 and SM3 of signal SM.

Switches 58 to 60 have been represented in Figure 5
as simple contacts, but obviously they preferably consist
of electronic elements such as transistors or thyristors.

In whatever manner they are made, switches 58, 59 and
60 are respectively controlled by signals SI3, SI4 and SIS



dependence on its rotational speed R for the three values SML, SM2 and SM3
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The above-mentioned signal SD, for controlling
converter 57, is also produced by comparator 63.
Comparator 61 is so arranged that signal SI3 is in
its first state when the wvalues of signals SR and SC
differ from one another and in its second state when the
values of signals SR and SC are equal to one another.
Comparator 62 is so arranged that signal SI4 is in
its first state when the value of signal SR is less than
or equal to that of signal SC and in its second state when
the value of signal SR is greater than that of signal SC.
Comparator 63 is so arranged that the signals SIS5 and
SD are in their first state when the wvalue of signal SR is
greater than or equal to that of signal SC and in their
second state when the value of signal SR is less than that

of signal SC.

The operation of comparators 61 to 63 is summarized
in the table of Figure 7 which indicates the states of
signals SI3 to SIS and SD, the states of switches 58 to 60
and the value of signal SM in the three possible cases,
i.e. in the cases where signal SR is respectively less
than, equal to and greater than signal SC.

In this table, numerals 1 and 2 indicate that the
signal whose reference appears at the top of the column is
in its first or second state as the case may be.



in the table of Figure 7 which indicates the states of signals Slé'to SI5
and SD; the states of switches 58 to 60 and the value of signal -SMin the
three possible cases, i.e. in the cases where signal SR.is respectively
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signals SR and SC.

In the following description of the operation of
vehicle 51, the following references will again be used :
Pm for the mechanical power supplied by fuel engine 55, Pe
for the electric power supplied by generator 56,.Pf for
the electric power supplied to control circuit 54 (in this
case by converter 57), and Pn for the mechanical power
supplied by the electric motor 3 to wheel 2. These various
powers are also symbolized by arrows in Figure 5. Further,
the losses in the various elements concerned will be
neglected, the values of powers Pm and Pe will be assumed
to be equal and the values of powers Pf and Pn will also

be assumed to be equal.

The vehicle 51 further comprises a device producing a
signal fepresentative of the rotational speed R of engine
55, which will also be termed signal SR. The device
producing signal SR consists of elements  similar to
elements 14 to 16 in vehicle 1, which bear the same
references as the latter elements and which will therefore
not again be described. It should however be stated that,
in vehicle 51, elements 14 to 16, and in particular
electronic circuit 16, are so arranged that signal SR
always has a value equal to that of signal SC when engine
55 supplies a mechanical power Pm equal, firstly, to the



"55, which wll also be terned si gnal. SR The devi ce produci ng signal SR
consists of elements simlar to elenents 14 to 16 in vehicle 1, which bear
the same references as the latter el ements and which will therefore not
agai n be described. It should however be stgied that, in vehicle 51,
elenments 14 to 16, and in particular electrOfiic circuit 16, are so arranged
t vat signal SR al ways- has a val ue equal to that of signal SC when engi ne 55
suppl i es a mechani cal power Pmequal, firstly, to the 22 desired power.
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55 rotates at the speed, al so_terned whi ch_signal SR has,a val ue SR1
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61 is thus in As in the earlier description of the operation of

vehicule 1, it will be assumed that, at the start of this
description of the operation of wvehicle 51, the driver of
the latter has maintained accelerator pedal 17 for a
certain length of time in a stable position somewhere
between its two extreme positions. Signal SC thus has a
stable value corresponding to the stable wvalue of the
desired power Pc. These two values will also be termed,
respectively, SCl and Pcl.

Under these conditions, and as will be made clear
further on, fuel engine 55 rotates at the speed, also
termed R1l, at which signal SR has a value SRl equal to the
value SCl of signal SC.

The signal SI3 supplied by comparator 61 is thus in
its second state and switch 58 is closed, so that signal
SM has wvalue SM1l. The mechanical power Pm supplied by
engine 55 thus has a value Pml equal to 80% of the maximum
power Pml' that motor 55 can supply at speed R1, and this
value Pml is equal to the value Pcl of the desired power
Pc corresponding to the value SCl of signal SC.

Moreover, signal SD is in its first state, so that
the value Pfl of the electrical power Pf supplied by
converter 57 to the circuit 54 for controlling motor 3 is
equal to the value Pel of the electrical power Pe that is



Its. second state and switch 58 is closed, so that signal SM has val ue SML.. .
Thée nmechani cal power Pn1supp|ied by ‘engi ne 55 thus has a value Pml equal ‘to
80% of the maxi mum power Pml' that nmotor 55 can supply at speed R1, and
this value Pl is equal to the value Pcl ofy4he desired power Pc
corresponding to the value SCl of signal SC. Moreover, signal SDis inits
first state, so that- the value Pf1 of the electrical power Pf supplied by
.converter 57 to the circuit 54 for controlling notor 3 is equal to the
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thus takes on V% %eﬁggééﬂie Iéﬂlé é%ertlng on pedal 17, signal SC takes
on a new value SC2 less than the value SCl1 it had
previously and corresponding to a new value Pc2 of the
desired power Pc, also less than the previous value Pcl of
the desired power Pc.

As with vehicle 1, this diminution of signal SC has
no immediate effect on the rotational speed R of fuel
engine 55, and hence on the value of signal SR which
remains at SR1.

Signal SC is thus now less than signal SR, so that
comparator 61 puts signal SI3 in its first state, thereby
opening switch 58, and comparator 62 puts signal SI4 in
its second state, thereby closing switch 59.

Signal SM thus takes on value SM2 at which the
mechanical power Pm supplied by engine 55 becomes
practically nil.

The rotational speed R of engine 55 thus drops
rapidly, until signal SR reaches a value SR2 equal to the
new value SC2 of signal SC.

Comparator 62 then restores to signal SI4 its first
value and comparator 61 restores to signal SI3 its second
value, whereby the value of signal SM again becomes equal
to SMl.

The value Pm2 ot the mechanical power Pm that engine
55 then supplies is again equal to 80% of its maximum
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switch 59, and tha8dal 17 and the value of signal SC hence remains equal to
SC2.

If the conductor of vehicle 51 then increases, still
by way of example, the pressure he is exerting on pedal
17, signal SC takes on a new value greater than the
preceding value SC2 and corresponding to a new value Pc3
of the desired power Pc, which is also greater than value
Pc2.

This increase of signal SC has no immediate effect
either on the rotational speed R of fuel engine 55, and
the value of signal SR thus remains equal to SR2.

Signal SC is thus now greater than signal SR, with
the result that comparator 61 gives back to signal SI3 its
first wvalue, thereby opening switch 59, and that

comparator 63 gives to signal SI5 its second value,
thereby closing switch 60. Signal SM thus takes on value
SM3, and the mechanical power supplied by engine 55 takes
on value Pm2' which is its maximum value at speed R2 at
which engine 55 is running at that time.

Simultaneously, comparator 63 gives to signal SD its
second value, hence causing the electrical power being
absorbed by converter 57 to decrease.

The braking torgque set up by generator 56 thus
decreases also. Since moreover engine 55 now supplies its
full power, its rotational speed R increases rapidly, as
also the value of signal SR.
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gives to signal SD its second val ue, hence causing the electrical power .
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electrical power Pe it receives from generator 56.

Vehicle 51 is thus again in a stable position in
which powers Pm, Pe, Pf and Pn are all equal to the
desired power Pc determined by the position of pedal 17,
the only difference between this situation and those
described above being the value of the desired power Pc
and hence that of powers Pm, Pe, Pf and Pn.

This situation remains "unichanged as long as the
driver of vehicle 51 does not modify the position of pedal
17 and as long as the value of signal SC thus remains at
SC3.

Figure 8 diagran_\matically illustrates the progress of
the wvarious processes that have just been described as a
function of time t.

In Figure 8 graph a) represents by a continuous line
the signal SC and by a broken 1line the sign_al SR
representative of the rotational speed R of engine 55. As
with wvehicle 1 described earlier, signal SR only differs
from signal SC during those periods of time when the
rotational speed R of engine 55 varies in response to a
variation of signal SC. That is why the broken line
representing signal SR is only visible during those
periods of time.
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shoul d be noted that, in ve e rotation s englne 5
is regul ated bydﬁﬁﬁggsngmqq“ﬁ@e desired power Pc only during those

periods of time when the mechanical power Pm wvaries in
response to a variation of signal SC. That is why the
broken line representing the mechanical power Pm is only
visible during those periods of time. In graph f£f),
reference Pm0 designates the value of the mechanical power
Pm supplied by engine 55 when signal SM has value SM2.

Obviously a process similar to one of those just
described takes place whenever the driver of wehicle 51
modifies the position of accelerator pedal 17.

It should be noted that, in wvehicle 1, the rotation
speed R of fuel engine 5 is regulated by solely modifying
the electrical power supplied by generator 6 whereas, in
vehicle 51, the rotational speed R of fuel engine 55 is
regulated not only by modifying the electrical power
supplied by generator 56 but also by acting on the device
for supplyving fuel to engine 55. As a result, after each
modification of the position of pedal 17 and all other
things being equal, the engine 55 of vehicle 51 reaches
its new rotational speed more quickly than the engine 5 of
vehicle 1.

Figure 9 illustrates diagrammatically and partially-
-another embodiment of the wvehicle according to the present
invention, referenced 91.
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which will also be described further on.

Vehicle 91 comprises moreover a source of electrical
energy 93 of which an example will be described further
on.

Suffice it to say here that source 93 is capable of
storing a certain amount of electrical energy and to
release the latter as a d.c. voltage substantially equal
to the d.c. voltage produced by converter 57. Further, the
pair of terminals of source 93 across which this d.c.
voltage appears and which have not been shown separately,
are respectively connected to the corresponding terminals
of converter 57 and of control circuit 54. It should still
be added that source 93 has means, not shown separately,
that produce, at an output 93b, a detection signal SB
representative of the amount of electrical energy Q
contained in source 93. These means are so arranged that,
when this quantity of electrical energy Q diminishes and
becomes equal to or less than a first predetermined
quantity Q1, signal SB passes from a first state to a
second state, and when this quantity of electical energy Q
increases and becomes equal to or greater than a second
predetermined quantity Q2 greater than quantity Ql, signal
SB passes from its second state to its first state.



of converter 57 and of control circuit 54. It should still be added that
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signal SC passexd reignal SC. This operation will therefore not be

described again in detail.

It will simply be recalled that when the value of
signal SC, in the case of vehicle 51, or of signal SC', in
the case of vehicle 91, is greater than the wvalue of
signal SR, comparator 63 puts, in particular, signal SD in
its second state, with the result that converter 57
transmits to control circuit 54 only a portion of the
electrical power Pe it receives from generator 56. The
value of this portion will hereinafter be termed Pe’'.

In the case of vehicle 51, when signal SC passes from
a value SC2 to a higher wvalue SC3 as in the above
described example, and as long as signal SD is in its
second state, the mechanical power Pn supplied by motor 3
to wheel 2, which is equal to the electrical power
received by control circuit 54, thus has value Pe', which
is of course less than value Pc3 of the desired power Pc
corresponding to the new value SC3 of signal SC.

But in the case of vehicle 91 and in the same
circumstances as above, the electrical energy source 93
supplies to control circuit 54 an electrical power whose
value, which shall be termed Pe'', is equal to the
difference between the value Pc3 of the desired power Pc
and the value Pe' of the electrical power that converter



a value SC2 to a higher value SC3 as in the above described exanple, and as
long as' signal SDis in its second state, the nmechanical power Pn supplied
by=notor 3 to wheel 2; which is equal to the electrical power received by
control circuit 54, thus has value Pe', whi is of course |less than val ue
Pc3 of the desired power Pc corresponding to the new val ue SC3 of signal

SC But in the case of vehicle 91 and in the sane circunstances as above,
the electrical energy source 93 supplies to control circuit 54 an
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rotational speed R reg#chesrembare, RBhisi gant3By of electrical energy Q
does not become equal to or less than the predetermined
quantity Q1 before the rotational speed R of engine 55
reaches value R3, signal SC' retains this value SC3 and a
process identical to that described in the case of vehicle
51 takes place when rotational speed reaches value R3.
This process will not be described again.

If, however, the quéntity of electrical energy Q does
become equal to or less than the predetermined quantity Q1
before the rotational speed R reaches value R3, signal SB
takes on its second state, and signal SC' takes on a new
value SC4 greater than the value SC3 of signal SC.

In such a case, it is only of course when the
rotational speed R of engine 55 reaches value R4 at which
signal SR has a value SR4 equal to the value SC4 of signal
SC' that signals SI5 and SD resume their first state and
that signal SI3 resumes its second state, with the same
consequences as those described above.

From then on, engine 55 supplies a mechanical power
Pm having a value Pm4 equal to 80% of the maximum
mechanical power Pmd' that it can supply at speed R4.

_ The value Pm4 of the mechanical power Pm is obviously
greater than the wvalue Pc3 of the desired power Pc
correspbnding to the value SC3 of signal SC, and the same
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puts signal SI4dp ijtgee8cqndr-ahatg, Wth the result that the rotational

speed R of engine 55 dimnishes rapidly as_descri bid above. Wen 510t aii:'honal
speed R reaches val udhen the quaentity of electrical energy Q reaches e

predetermined amount Q2, signal SB resumes its first
state, and the value of signal SC' becomes equal to that

of signal SC, i.e. to SC3.

The value SC3 of signal SC' being less than the value
SR4 of signal SR, comparator 61 puts signal SI3 back in
its first state and comparator 62 puts signal SI4 in its
second state, with the result that the rotational speed R
of engine 55 diminishes rapidly as described above.

When rotational speed R reaches value R3 and the
value of signal SR thus becomes equal to the value SC3 of
signal SC', comparator 62 puts signal SI4 back in its
first state and comparator 61 puts signal SI3 back in its
second state.

From then on, engine 55 again supplies a mechanical
power Pm having a value Pm3 that is equal, firstly, to the
value Pc3 of the desired power Pc corresponding to the
value SC3 of signal SC and, secondly, to 80% of the
maximum power Pm3' that engine 55 can supply at this
rotational speed R3, and this situation remains unchanged
as long as the driver of vehicle 91 does not modify the
position of accelerator pedal 17.

Figure 10 diagrammatically illustrates the progress
of the process just described as a function of time t.
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power absorbed by control circuit 54. The quantjty of electrical energy
t hat source vehicle 91 it 1is apparent that source 93 supplies

electrical energy to control circuit 54 only when signal
SD is in its second state, i.e. during the time when the
rotational speed R of engine 55 increases following an
increase in the value of signal SC.

But this increase in the rotational speed R is very
rapid and only lasts a few seconds. Further, during this
increase in the rotational speed R, source 93 must only
supply a part of the electrical power absorbed by control.
circuit 54. The quantity of electrical energy that source
93 must be able to contain may therefore be considerably
less than that which the battery provided in the above-
described known wvehicles is required to contain.

The source of rechargeable electrical energy 93 may
thus consist of a simple capacitor, e.g. an electrolytic
capacitor, or, if necessary, a set of several capacitors.

Source 93 may also consist of a simple battery of
conventional , e.g. lead or cadmium-nickel, accumulators.

In some cases however the d.c. voltage needed to
operate control circuit 54 is relatively high, of the
order of some hundred volts. A battery of conventional
accumulators supplying such a voltage is bulky and
expensive. In such cases, source 93 thus preferably
consists of a combination of a battery of conventional
accunulators supplying a relatively low voltage} e.g. 12



‘93 nust be able to contain may therefore be considerably | ess than that .
whi ch the battery provided in the above- described known vehicles is
required to contain. The source of rechargeabl e electrical energy 93 may

t hus consist of a sinple capacitor, e.g. an,glectrolytic capacitor, or, if
necessary, a set of several capacitors. Source 93 may al so consist of a
si*npl e battery of conventional , e.g. |lead or cadm um ni ckel, accumnul ators.
In some cases however the d.c. voltage needed to operate control circuit 54
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Figure 11 diagrammatically and partially represents
another embodiment of the vehicle according to the

invention, which is referenced 111.

Elements 2, 3, 5, 6, 14 to 18 and 31 to 33 of vehicle
111 are identical to elements designated by the same
references in Figure 1 and will therefore not be described
again.

It will be merely recalled that the device which
supplies engine 5 with fuel is so arranged that the latter
always produces the maximum mechanical power it can
produce at the speed at which it rotates whatever the
latter rotation speed.

Vehicle 111 further comprises a control circuit of
the electrical motor 3 which is referenced 54 for it is
identical to the control circuit designated by the same
reference in the diagram of Figure 5. This control circuit
will not be described again here, except for mentioning
that its control signal, the value of which determines the
electrical power it supplies to motor 3, is referenced SE
in this example.

The d.c. voltage needed by control circuit 54 to
function is provided by a converter 112 the inputs of
which are connected to generator 6.
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rotates whatever the latter rotation speed. Vehicle 111 further conprises a

control circuit of the electrical nmotor 3 whch is referenced 54 for it is
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di agram of Figure 5. This control circuit wll not be described again here,

except for mentioning that its control signal, the value of which
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Calculatlng circuit 113 is so arranged that the
signal SF it provides is equal to the product of the
difference between signals SR and SC by a factor greater
than one.

So, signal SF is respectively nil, positive or
negative depending on signal SR being equal to, higher
than or lower than signal SC, and the absolute wvalue of
that signal SF is always higher than the one of the

" difference between signals SR and SC when the latters are
not equal to each other.

Signal SF is applied to the first input of an adding
circuit 114 the second input of which receives signal SC
and the output of which provides the above-mentioned
signal SE. Signal SE is thus equal to, higher than or
lower than signal SC depending on signal SF being nil,
positive or negative. Further, when signals SR and SC are
not equal to each other, the absolute value of the
difference between signals SE and SC is higher than that
of the difference between signals SR and SC.

The operation of vehicle 111 will not be described in
all its details for it is easily deductible from the above
explanations.

It can be seen that when signal SR is equal to signal
SC, signal SF is nil and signal SE is equal to signal SC.



di fference between signals SR and SC when the latters are not- equal to each
other. Signal SF is applied to the first input of an adding circuit 114 the
- seeond i nput of which receives signal SC and the output of which provides

t he above-nentioned signal SE. Signal SE |s3 t hus equal to, higher than or

| ower than signal SC dependi ng on signal SF 6e|ng nil, positive or
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by the control circuit 54 of motor 3 thus increases, as
well as of course the electric power Pe provided by
generator 6.

It follows that the braking torque exerted by
generator 6 upon engine 5 increases, so that the rotation
speed R of the latter decreases.

When that rotation speed R reaches the value at which
signal SR is again equal to signal SC, signal SF becomes
again nil and signal SE becomes again equal to signal SC.
Vehicle 111 is thus again in a stable situation where
powers Pm, Pe, Pf and Pn are equal to the desired power Pc
corresponding to the new value of signal SC.

If now the driver of vehicle 111 increases the
pressure he is exerting on pedal 17, signal SC assumes a
new value which is greater than the preceding one and thus
than the value of signal SR.

Signal SF becomes thus negative, and signal SE
decreases despite the increase of signal SC. The
electrical power absorbed by the control circuit 54 thus
decreases, as well as the electrical power Pe provided by
generator 6. '

It follows that the braking torgque exerted by
generator 6 upon engine 5 decreases, so that the rotation
speed R of the latter increases.



again nil and signal SE becones again equal to signal SC. Vehicle 111 is
thus again in a stable situation where powers Pm Pe, Pf and Pn are equal
ta the desired power Pc corresponding to the new value of signal SC. If now -
the driver of vehicle 111 increases the pre %ure he is exerting on pedal
17, signal SC assunes a new value which is 3 eater than the precedi ng one
and thus than the value of signal SR Signal SF beconmes thus negative,
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tenporarily nodifying the electric power Pe the generator 6 has to supply,

but al so in nodi¥}FFPEReOr to decrease. Further, engine 5 permanently
supplies the maximum mechanical power it can supply at the
speed at which it turns and thus permanently functions in
conditions where its efficiency is maximum.

In above described wvehicles 51 and 21 of Figures S
and 9, the fotation speed of fuel engine 5 is not only
regulated in temporarily modifying the electric power Pe
the generator 6 has to supply, but also in modifying the
amount of fuel and/or of combustive agent that is supplied
to that engine 5 by its feeding device. Nevertheless, that
engine S5 operates most of the time in conditions where it
supplies a mechanical power that is relatively near of its
maximum power and that is a fixed and predetermined
fraction of the latter. The characteristics of that engine
5 may thus be chosen in such a way that its efficiency is
maximum when it operates in these conditionms.

In short, it will be seen that, in the vehicle
according to the present invention of which some
embodiments have just been described, the fuel engine
operates permanently, and that its rotational speed is
regulated to the value at which the mechanical power it
supplies equals, on the one hand, the desired power Pc set
by the position of the vehicle's accelerator pedal 17 and,
on the other hand, a predetermined fraction, which may be



amount of fuel and/or of conbustive agent that is supplied to that engine 5
by its feeding device. Nevertheless, that engine 5 operates nost of the
tisve in conditions where it supplies a nechanical power that is relatively
near of its maxi mum power and that is a fixsﬁ and predeterm ned fraction of
the latter. The characteristics of that engfhe 5 may thus be chosen in such
a Wway that its efficiency is maxi mum when it operates in these conditions.
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vehicle according to the present invention, that the value
of signal SC produced by the sensor 18 of the position of
accelerator pedal 17 also very often varies and remains
only rarely constant for an appreciable length of time,
except of course when pedal 17 is either completely
relaxed or completely depressed.

Now, it has be seen hereabove that, in a wvehicle
according to the present invention such as represented in
Figures 1, 5 and 11, the electrical power Pf provided to
the control circuit 4 or 54 of driving motor 3 temporarily
decreases in response to each increase, even small, of
signal SC. It has also be seen that, in a vehicle
according to the present invention such as represented in
Figures 1 and 11, the electrical power Pf also temporarily
increases in response to each decrease, even small, of
signal SC.

It follows from the preceding that, even when the
driver of a vehicle according to the present invention
does not want to modify the speed of the latter, the
electrical power Pf supplied to control circuit 4 or 54 of
driving motor 3 may vary quite often. The same obviously
applies to the electrical power supplied by control
circuit 4 or 54 to driving motor 3, and thus to the
mechanical power Pn provided by the latter to wheel 2.



according to the present invention such as represented in Figures 1, 5 and
11, the'electrical power Pf provided to the control circuit 4 or 54 of
driving notor 3 tenporarily decreases in response to each increase, even
smal |, of signal SC. It has also be seen that, in a vehicle according to
the present invention such as represented inh Figures 1 and 11, the
el*ectrical power Pf also tenporarily increases in response to each
decrease, even small, of signal SC. It follows fromthe preceding that,
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have a very pass filter only changes with some delay in response to
the variations of the input signal of this filter, and
that this delay is all the longer when the cut-off
frequency of the filter is low.

Now, a low-pass filter inserted between sensor 18 and
the circuits which receive signal SC should have a very
low cut—bff frequency, in the order of 1 Hz or even lower
than 1 Hz, to be efficient. The delay of signal SC with
respect to the signal produced by sensor 18 would thus be
quite long and would be a drawback in any case where the
vehicle's driver moves willingly and quickly the
accelerator pedal 17. .

It is nevertheless possible, if desired, to suppress
the variations in the mechanical power Pn caused by the
above-mentioned small.variations of the position of
accelerator pedal 17 without introducing an unacceptable
delay in case of a rapid displacement of pedal 17.

For that purpose, it is for instance possible to
replace the control means that is merely constitued by
accelerator pedal 17 and sensor 18 in the above described
embodiments by control means like the one that is
represented in Figure 12 with reference 121.

As the above described one, control means 121
comprises an accelerator pedal and a sensor providing a
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efficient. The delay of signal SC with respect to the si gnal produced by
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The output of filter 123 and the second terminal of
switch 125 are connected to each other and to output S of
circuit 122, which supplies signal SC.

Filter 123, differentiating circuit 124 and switch
125 will not be described in detail for they can be
realized in different well-known ways.

It will be merely mentioned that switch 125 is
preferably constituted by an electronic element such as a
transistor or a thyristor, and that it is arranged for
being open or closed depending on a control signal SI6,
the production of which will described later on, being in
a first or a second state.

It will be also mentioned that the low-pass filter
123 is so arranged that its cut-off frequency is of the
order of one Herz and even, preferably, lower than one
Herz. Further, filter 123 is so arranged that the value of
signal SC is at least substantially equal to the mean
value of signal SC" when switch 125 is open.

It will be further mentioned that the value of signal
SG produced by the differentiating circuit 124 is always,
in a conventional way, proportionnal to the slope of
signal SC". In other words, signal SG is either positive
or negative depending on signal SC" increasing or
decreasing, i.e. depending on pedal 17 being moved towards



realized in different well-known ways. It w1l be merely nentioned that
switch 125 is preferably constituted by an electronic el ement such as a
transi stor or a thyristor, and that it is arranged for being open or closed
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126 receives a posetdirecef dnpate +v @l agmpéddatod aidctie HE7ereceipas & of
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absol ute val ue g#é%ﬁ%g%‘ﬁé elcgf%/r'ea} e%\?’gl%égeoyrvo %g%g ﬂé?]g&a]}l({]e Jrf%raf"'{ahrlecn e
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equal to the val ue of 5| gﬁ)]‘tr{w%t ggrl %I? S rmve% 'EJg\i et e?c]r% ned
speed towards itSO@H@e oW 1@# atmmt b&ﬁa tHRRresrRItRd yangs Whﬂqfagés SO
Vr[err] is equalgtpahdhesvehde (tfhes'male of voltage Vr* is equal to the

value of signal SG when the pedal 17 is moved at a
determined speed towards its end of run abutment, and that
the value of voltage Vr- is equal to the value of signal
SG when the pedal 17 is moved at the same determined speed
towards its rest position.

By way of example, that determined speed may be equal
to the mean speed of pedal 17 when it is moved from one of
its extreme positions to the other in 0,5 second.

Comparator circuits 126 and 127 will not be described
either for they also may be realized in different well-
known ways. It will be merely mentioned that they are so
arranged that their output either presents a substantially
nil voltage or a positive voltage depending on their
direct input + being respectively negative or positive
with respect to their inverse input -. In accordance with
a very generally accepted convention, it will be said that
the output of comparator circuit 126 or 127 is at logic
state "0" or "1" depending on this output presenting
respectively a substantially nil or positive wvoltage.

The outputs of comparator circuits 126 and 127 are
each connected to an input of an OR gate 128, the output
of which is connected to the input of a control circuit
129 for switch 125, which is.so arranged that signal SI6




SG when the pedal 17 is noved at the sane determ ned speed towards its rest
position. By way of exanple, that determi ned speed nay be equal to.the nean
speed of pedal 17 when it is noved fromone of its extrene positions to the
other in 0,5 second. Conparator circuits 122 and 127 will not be described
either for they also may be realized in dif Or ent wel | - known ways. It wll
be*nmerely nentioned that they are so arranged that their output either
presents a substantially nil voltage or a positive voltage dependi ng on
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to their inverse Tnhpu - accordance a very-generally acce
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127 is at logic g E g% §gté"b“dggenghng on this output presenting
respectively a subst |eﬁ y nil or positive voltage. The outputs of
conparator circuits 1PBeasPeratinne efchcenrhriedt aPaRs addhpwildf aatObe
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its first or itsIsERRDRIRYAEIONSe. that switch 125 is open or closed,
accorfl! ng t]9 its inputt bebn%zrfeé@ﬁéétvf[é'a)si@.t Ieeé% gilﬁtfd t@ 1¥ng las 5
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state and smﬁtcgl 5 is open. Signal SCis thus practically identical with
0

signal SC' but es not present the snall variations of the
Signal SI6 is thus in its first state and switch 125

is open.

Signal SC is thus practically identical with signal
SC" but does not present the small variations of the
latter which are caused by the small, unintentional
displacements of pedal 17 and which are suppressed by
filter 123. These small displacements of pedal 17 thus no
more cause variations in the mechanical power Pn supplied
by driving motor 3 to wheel 2.

The same applies when the vehicle's driver moves
pedal 17 at a speed that is smaller than the above-
mentioned determined speed. Depending on the direction of
this displacement, signal SG becomes positive or negative
but remains comprised between voltages Vrt and Vr-.
Outputs of comparator circuits 126 and 127 both remain at
logic state "0", and switch 125 remains open. Signal SC
thus varies as signal SC", without presenting the small
variations the latter may present.

But, when the wvehicle's driver moves pedal 17 at a
speed which is higher than the above-mentioned determined
speed, signal SG becomes either more positive than voltage
Vr+t or more negative than voltage Vr-, depending on the
direction of displacement of pedal 17. The output of one
of the comparator circuits 126 and 127 then takes the
logic state "1", so that signal SI6 takes its second state



| atter which are caused by the small, -unintentional displacenents of pedal
17 and whi ch are suppressed by filter 123. These small displacenents of
pedal’ 17 thus no nore cause variations in the nmechanical power Pn supplied
by driving motor 3 to wheel 2. The same appl,ies when the vehicle's driver -
noves pedal 17 at a speed that is smaller tﬁ n the above- nentioned

det erm ned speed. Depending on the direction of this displacenent, signal
SG becones positive or negative but renmains conprised between voltages
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present inventio also applies to vehicles havi sever al [ eel s
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several notors. several driving wheels driven together by a single motor
or driven in groups or individually by several motors.

Further, the accelerator pedal 17 of wvehicles 1, 51,
91 and 111 may of course be replaced by any other device
operable by the driver of these vehicles, such as, for
instance, a hand lever.

Many other modifications may be made to the above-~
described vehicles within the scope of the present
invention.

Thus, for instance, the rotational speed of the fuel
engine of a vehicle according to the present invention may
be regulated by means other than those described, in
particular with the help of a computer programmed to
supply the various signals needed for this regulation in
dependence on the above-mentioned signals SC and SR.

Moreover, in vehicle 1 of Figure 1, generator 6 may
be replaced by a generator producing a polyphase, e.g.
three phased, a.c. voltage, regulation circuit 7 and
control circuit 4 being of course suitably adapted.
Regulation circuit 7, in particular, comprises in such a
case several first regulation elements 10 each connected
across two of the terminals of generator 6 and several
second regulation elements 13 each connected across one of
the terminals of generator 6 and one of the terminals of



Further, the accel erator pedal 17 of vehicles 1, 51, 91 and 111 nmay of
course be replaced by any other device operable by the driver -of these
vehicles, such as, for instance, a hand I ever. Many other nodifications my
be made to- the above- described vehicles wi tBin the scope of the present
invention. Thus, for instance, the rotational speed of the fuel engine of a
vehicle according to the present invention may be regul ated by nmeans ot her
t han those described, in particular with the help of a conputer programed

to supply the vaghagosi emebﬁlee@deéhéoeohl&hsmr Fu lrdigha @ tlibnd UM IGE m
t he above- nentloned signal,s SC and SR Mor epv

n vehi cl e of Figure 1,
generator 6 may 8BAréddl RedRD 3FQFgﬁﬁmﬁa?6rt§PEd lﬁfﬁﬁiﬂﬁ%pﬁgséndeqﬁ
three phased, a.pigyeéthge, regulation circuit 7 and control circuit 4
bei ng of course suitably adapted. Regulation circuit 7, in particular,
conprises in such a case several first regulation elenments 10 each
connected across two of the termnals of generator 6 and several second
regul ation el enents 13 each connected across one of the term nals of
generator 6 and one of the term nals of 42 control circuit 4, the
control of regulation elenents 10 and 13 being the sane as that of elenents
10 and 13 of Figure 1. 43 CLAIMS 1. Motor vehicle conprising - a fuel
engine (5; 55) for producing a first nechanical power (Pm; - a
generator (6; 56) for converting said first mechanical power (Pm into a
first electrical power (Pe); - <control nmeans (17, 18) operable by a driver
of :



'said vehicle to produce a power setting sTgnaI_(SC) representative of a

desired power (Pc); - a driving wheel (2); and - notor neans (3, 4; 3, .
‘549 for supplying a second nmechani cal power (Pn) to-said driving wheel (2)
froma second el ectrical power (Pf), said or neans (3, 4; 3, 54) '

including an electric notor (3) nechanically coupled to said driving wheel
(2) and a circuit (4; 54) for controlling said electric nmotor. (3) that is
responsive to said power setting signal (SC) to regulate the value of said
second nechanicaﬁ%%g$§r (Pn) to the value of said desired power (Pc);
characterized in at said vehicle further conprises regulating neans (7,
14 to 16, 19, 20; 14 to 16, 57 to 63) responsive to said power setting

signal (SC) to regul at [ I : .of 'said fuel engine (5;
E. MR oOvehiend c&ﬁﬁ%l@ :

55) to the value at which said_first nechanical power (PM, is at |east _
substantially equal, Tird|§ueloedgideyesPiedfPonEPr( RYORRELINgeRdNFFSt 0
a set fraction ohedhniond Bowere¢hant cal power of said fuel engine (55 595),
said regulating neans (7, 14 to 16, 1? 2%; 14 _to 16, 57 .t.0 63 iacluding

transfer neans (7; 57) t RatISREFXct (Péart) R EAWETEIG Srtdafdrsts:

56) am(ﬂ to sai d medeniEanpotidr 4PmP, idd) & Eipsadedlecsaidaiepondrelpssyi cal
power (Pf) fromsaid first electrical p r ). 2. hi ¢l e acgording t
claiml1, characterized i ﬁoﬁﬁo(isél}e(?nfsegﬁfwg‘t [ %)FnasﬁEaﬁe %X td 1Vey, 058)
include neans (l¢aid M&hiare ptoldtp:mty.l@e rraaspmmntsa:t(tgxgw (sS@)nale) (fSC)
representative o 0 S Rs (19, 44 or
suppl yi ng a.conﬁéﬁﬁgg%ﬂg%gﬁgk ?g|i,£§§%%é{ﬁ%§£%hq§§?d nmeasur enent si gna
(SR) and sai d power settiengrivynalwhesd) (Zdndand that said transfer means

(7) are arranged to respag@ckomaghd ¢97PaLi §0N52) 9B8Y LebplyPhé) al Second

I ncrease the braking torque exerted by said generator (6] on said fuel

engi ne (5) when RegkpREealr PAWAY dPBhalto SRLG sAgieirgr whesd skdld Buorr a

setting signal (s¥dormdleliéctrical power (Pf), said motor means (3, 4; 3,
54) including an electric motor (3) mechanically coupled
to said driving wheel (2) and a circuit (4; 54) for
controlling said electric motor. (3) that is responsive to
said power setting signal (SC) to regulate the wvalue of
said second mechanical power (Pn) to the value of said
desired power (Pc); ' '

characterized in that said vehicle further comprises

regulating means (7,'14-to 16, 19, 20; 14 to 16, 57 to 63)
responsive to said power setting signal (SC) to regulate
the rotational speed (R) of said fuel engine (5; 55) to
the value at which said first mechanical power (PM) is at
least substantially equal, firstly, to said desired power
(Pc) and, secondly, to a set fraction of the maximum
mechanical power of said fuel engine (5; 55), said
‘regulating means (7, 14 to 16, 19, 20; 14 to 16, 57 to 63)
including transfer means (7; 57) that are electrically
coupled to said generator (6; 56) and to said motor means
(3, 4; 3, 54) to produce said second electrical power (Pf)
from said first electrical power (Pe).

2. Vehicle according to claim 1, characterized in
that said regulating means (7, 14 to 16, 19, 20) include
means (14 to 16) for producing a measurement signal (SR)
representative of said rotational speed (R) and means (19,

O



- decrease said braking torque when ‘said neasurenment signal. (SR) is less than
"sai d power setting signal (SC). 3. Vehicle according to claim 2, -

characterized in that said transfer nmeans (7) include a first regulating
el ement (10) connected across a first termpal (6a) and a second term nal
(6b) of said generator (6) and a second regulating elenent (13) connected
across said first termnal (6a) of said generator (6) and a term nal (4a)

of said control circuit (4), said first regulating elenment (10) including a

;@ rst resistor Ezg)) afngrasﬁppwj.ﬁgviédsoxﬁﬁérﬁ@megigﬂal n_(sm:,esz\lm'l)t lbgi:g}één
irst resistor . and responsive.tq_ sai onparison si gna . 2) to
connect said fi rss%:.cfé%ga&ugfem yo?%%ﬁ?d(géfnﬁilial(%fo"%ﬁ %4t qjs:.g)nal |
generator (6) whEC)saiahd iinstthea saidhtransifegranefs8R) (79 greateranyed i d
ower setting c [ [ C | defhk st resistor (8
Prom sai d te?m’ %@ﬁ,%%aéf%%%%%%r?g%&%)E\Smfwgh gg??ﬂ gr%ga S‘Féﬁ?ﬁle( )
signal (SR) is |tdes hiteking topxgue texertied jomesabdtgéngratgnal(6) SGn sadd
said second re i n ; n 1 L g N esk a a
second swi tch ?llﬁgélco%ﬁgg?lgg fsn)( pg%lgbl g%élgmdt%eggﬁ(g%g%gl&ldé?ggggt f)géj%)ll?'gand
responsi ve to s&xPaeRparibash Srdcal POWeI, sebting @igral sE$@) samshdto

resistor (11) i Rex@id-A% 25 Hrakitf itb%@ﬁ.ﬂeeﬁvﬁ'bﬁfi%aﬁéaheagu%h@nﬁeQ@.bﬁ&?r
(6) and said termi nal, (4a) of_ said control circuyit (4) when _ said -

measur enent si gri@R)( $R) 1pss| than i Lowen SREC1Rg: Figgasi §8%l - (SO and
directly to connect sgi.dvéhiglet actictdingbao oféladmd2gesHatastdf)zé@ $ai d

ermnal () Ohysil 4ol Ll LS LD et saldreeop elent ol gal S
Vehi cl e accor di ed.ement! {il0)1conhacaeticaczredsi a £hastsaedmingill 46ahgandaas
(14 80 15, 97 {98k VHIRIZ ] L | Ba18) oLL ARl 10 0o HhetRY
63) for supplyi meonledmrg i edremsnghal( 1331 3connékBedSDrcobweecaadd dfirst
measur ement Sig@%&m&ﬁgi ?@Q)Sakds£§HWEenerator (6) and a terminal (4a) of
said control circuit (4), said first regulating element
(10) including a first resistor (8) and a first switch (9)
connected in series with said first resistor (8) and
responsive to said comparison signal (SI1, SI2) to connect
said first resistor across said terminals (6a, 6b) of said
generator (6) when said first measurement signal (SR) is
greater than said power setting control signal (SC) and to
disconnect said first resistor (8) from said terminals

(6a, 6b) of said generator (6) when said measurement
signal (SR) is less than or equal to said power setting
signal (SC) and said second regulating element (13)
including a second resistor (11) and a second switch (12)
connected in parallel with said second resistor (11) and
responsive to said comparison signal (SI1l, SI2) to connect
said second fesistor (11) in series across said first
terminal (6a) of said generator (6) and said terminal (4a)
of said control circuit (4) when said measurement signal
(SR) is less than said power setting signal (SC) and
directly to connect said first terminal (6a) of said
generator (6} to said terminal (4a) of said control
circuit (4) when said measurement signal (SR) is greater
than or equal to said power setting sigmal (SC).
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'setting signal (SC), in that said vehicle further conprises a device for
supplying fuel to said f uel -engine (55) that is responsive to said _
cqnparison signal (SI3 to SI5 SD) to regulate said first mechani cal power
(Pm to a value greater than that of said sgg fraction of said maxi mum
mechani cal power when said neasurenent signal (SR) is |less than said power
setting signal (SC), to said set fraction of said maxi rum nmechani cal power
when sai d neasurenent signal (SR) is equal to said power setting signal
(SO, and to a val ue lesvebianet kadcafdissy dtéetl%.ﬁ.act]i,Orblﬁ?érééltérﬂﬁéami@?

nmechani cal power_when saiLd_nea enment si gnal R) J at er an s
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measur enent sign ess han “sai'd power ng si'g
Vehi cl e accordi rizp t&ﬁ)cl%nnnﬂlppdh’amgctaemOMHmomhaugmld (SlIénstbeSIﬁeaSD)
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circuit (54) and responsive to_sal ari so
supplying to saﬁf—‘é‘éhltlgolsjegﬁ%ln t (3GY) Mel@@tﬁl c%aléomh-‘e@]llal fer shed
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than or equal to said_power setting upplying to sard
control circuit (M) t&??‘telJ-@ctrteis@QPSﬁHﬂqu 83dd; ReRP3zLgoR| FdenaledBLBcEP

pover (Pe) when SSI€5 ,d smager eagﬂlaeegé@id(ﬁﬁast Snécﬂfaﬁlltdﬂnp%aﬁed' ASHG to a
setting signal (vS 6. Vehicle.according tfg 1L_uar acterized in_ that
it further conpr™ a9F &8 ﬁFggﬁﬁI’e EBﬁFcé’ fs%}@clsﬁtca TRAEHGH ysaid

arranged to sup}n{agmimnsmiedhanmtablpowezﬂﬁnm saiid &rﬁe@sxmenemctsﬁ.gnaﬂ. PSRET
havi ng a val ue. e djff rence bet .en sai da SH oVeL %‘EC% nd
the el ectrical pt&ﬁ%% aﬁ? téqr S(J§f} @e‘m%"?e 0 8€ng
to claim1, charfa:tatcancz:edof |$1ai<ﬂaunmmilmegldcmamg:afeap@v(e]n4 wheb6, s&¥dt o
measurement signal (SR) is equal to said power setting
signal (SC), and to a value less than that of said set
fraction of said maximum mechanical power when said
measurement signal (SR) is greater than said power setting
signal, and in that said transfer means (57) are arranged
to respond to said comparison signal (SI3 to SIS, 'SD) to
reduce the braking torque exerted by said generator (6) on
said fuel engine (5) when said measurement signal (SR) is
less than said power setting signal (SC).
5. Vehicle according to claim 4, characterized in
that said transfer means include means (57) connected
between said generator (56) and said control circuit (54)
and responsive to said comparison signal (SI3 to SI5, SD)
for supplying to said control circuit (54) an electrical
power equal to said first electrical power (Pe) when said
measurement signal (SR) is greater than or equal to said
power setting signal (SC) and for supplying to said
control circuit (54) an electrical power less than said
first electrical power (Pe) when said measurement signal
(SR) is less than said power setting signal (SC).
6. Vehicle according to claim 5, characterized in
that it further comprises a rechargeable source of
electrical energy (93) arranged to supply to said control
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63) include neans (14 to 16) for producing a neasurenent signal (SR
representative of said rotational -speed (R} and neans (61 to 63) for

'suppl ying a conparison signal (SI3 to SI5 SD) between said first
measurenent signal (SR) and a second power ggtting signal (SC); - in that
.said transfer neans (57) include a converter (57) connected between said
generator (56) and said control circuit (54) and responsive to said
conparison signal (SI3 to SI5, SD) for supplying to said control circuit
(54) an electri ccmwrt eBl) 4m ebéckfid®l Bdwst rhavingosevalire) eytian sai d

h d
setting si gnal (e ) REFSHBBRryeRg (i B L hERo PR oLt 1o | AP afbe
el ectrical powerejle&ss:ﬂdaanp@wed Supslied dnpt rsaddl coawertePe)lSWhen said
measur enent signal (S ’ e powe na
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(SC); - in that said Vvehi nprises a réc source of
el ectrical energy (93ﬂ annam@attaakﬁuxﬁgul@tsmgdmeenSrdﬂ4mHan& (%2) tan

el ectri cal power j{,gcfua@lqﬁaﬁsqua:;t@otf@)d bfepppatebe V&Che Ehgeﬁl&%yed

power (Pc) and t ectric ower supplred by s |d converter
devi ce for suppl%/lg‘ry?llf ué$R} or§EF§S¢G§?~téﬁgl ré EmEd tmaqlsol?%]sp%ﬁ%?—@e(ﬁb
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power (Pm to a value greater than t sald sef fraction of said

maxi mum mechani cé3Id oﬁ@rsﬁﬁenSQ%(P@ﬁ%ﬁﬁﬁeﬁéﬁﬁ Sigfd MeRPUT YRS sSLARAL
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of the quantity cufmpemictan csigraier (I3 Qo cEh ai $RY for sawppivingeteosaid
control circuit (54) an electric power equal to said first
electrical power (Pe) when said measurement signal (SR) is
greater than or equal to said second power setting signal
(sc') and for supplying to said control circuit (54) an
electrical power less than said first electrical power

(Pe) when said measurement signal (SR) is less than said

second power setting signal (SC'});

- in that said wvehicle further comprises a
rechargeable source of electrical energy (93) arranged to
supply to said control circuit (54) an electrical power
havig a value equal to the difference between said desired
power (Pc) and the electrical power supplied by said
converter (54), and a device for supplying fuel to said
fuel engine (55) that is responsive to said comparison
signal (SI3 to SIS, SD) to regulate said first mechanical
power (Pm) to a value greater than that of said set
fraction of said maximum mechanical power when said
measurement signal (SR) is less than said second power
setting signal (SC'), to said set fraction of said maximum
mechanical power when said measurement signal (SR) is
equal to said second power setting signal (SC'), and to a
value less than that of said set fraction of said maximum
mechanical power WEEE_EEié_EEggggggggt signal (SR) is
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- and in that said vehicle further conprises nmeans (92) responsive to said
detection signal (SB) for producing said second power setting signal (SC)
with a value equal to the sumof the value of said first power setting
signal (SC) and of a predeterm ned val ue when said quantity of electrical
energy (Q becones less than a first predeterm ned quantity (Ql) and with a
val ue equal to the value of said first power setting signal (SC) when said
quantity of electrical energy (Q becomes greater than a second
predet er mi ned qugelitey €R8h. said second power setting signal, said source

(93) including means for supplying a detection signal (SB)
representative of the quantity of electrical energy (Q)
contained in said source (93);

- and in that said vehicle further comprises means
(92) responsive to said detection signal (SB) for
producing said second power setting signal (SC') with a
value equal to the sum of the value of said first power
setting signal (SC) and of a predetermined value when said
quantity of electrical energy (Q) becomes less than a
first predetermined quantity (Ql) and with a value equal
to the value of said first power setting signal (SC) when
said quantity of electrical energy (Q) becomes greater
than a second predetermined quantity. (Q2).
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