Yairlelting DRI VE SYSTEM - The instant invention relates to a drive system -
for a vehicle having at |east one drive wheel and neans for producing a
signal for controlling the speed of rotation of said drive wheel,
- conpri sing - an electric motor mechanically coupled to said drive:
wheel ; - a rechargeabl e electric energy accunul ator; - an
I nternal conbustion engi ne; - an electric energy generator
mechani cally coupled to said internal conbustion engine; - electric
energy transfer means el ectri c JBBICEERRREVEBISYSIEN| d el ectric motor, to
said generator and to said accunmul ator to cause a first electric energy
flux to pass between said accunul ator and said electrjc notor, second
“electric energy fIe&k ¥ TRRS HeEREERTs APd2EBRF At Brd%itt SYSF® 6% i ot or
and a Ithi rd ekRetlieC reramgy 4t ?Xeh@tpa&ﬁﬁe_ b@fﬁ@fnw&aéd geimrmé@nsa!f@rs?i d
accunul ator; _an . - neans r_producing.a first measur nt__si.gna
representati@ﬁoch%ﬂg ArBaREEof 8Fe8??ﬁ5°ggépayt oF@&elnoggﬁgtgbégﬁhlator.
US Pat ent - A- 4£3688jd58r fwor whesiipl ecupsisibaes: a system of this type in which
the drive wheels of thie yplichecans eonRReled {0 AL AdEENadi B Guyent
electric drive notor via the internediary of a vehicle speed regulating
devi ce havi ngravAydreedi c coupl e convertor and an automatic gear box
control I ed, anong-ot hersscrR¥gel®laceeberpiOre8dnt sluinlieatehicl e. The
al ternating. supply vol tage OP@éhe electric drive notor is provided by a
converter circuit‘mhi?ﬁlﬁhhﬁ¥ s COMRPPELPR VORI RIE from a rechar geabl e
battery, as |ong as tae elmmtiofenerergyeneabkabl gec¢hathisl latdarpliad

greater than_a gLy n.ﬁgggg%. i mount of avail able energy in

the battery tpagﬁégbé OW %;§?$%%%%%Bd%gg§%%htrol circuit conprising,

anong ot hers, a cenpuekectriggeeserpy stmansfigrupmeéng electrically
connected to said electric motor, to said generator and to
said accumulator to cause a first electric energy flux to

pass between said accumulator and said electric motor, a

second electric energy flux to pass between said generator
and said electric motor and a third electric energy flux
to pass between said generator and said accumulator; and

- means for producing a first measurement signal
representative of the amount of electric energy stored in
said accumulator.

US Patent-A-4,306,156 for example describes a system
of this type in which the drive wheels of the vehicle are
connected to an alternating current electric drive motor
via the intermediary of a vehicle speed regulating device
having a hydraulic couple convertor and an automatic gear
box controlled, among others, by the accelerator pedal of
the vehicle. '

The alternating.supply voltage of the electric drive
motor is provided by a converter circuit which receives a
direct voltage from a rechargeable battery, as long as the
amount of energy available in this lattér is greater than
a given amount.

When this amount of available energy in the battery
falls below this threshold, a control circuit comprising,

among others, a computer triggers the starting up of a



-2 - gasoline engine nechanically coupled to a direct voltage generator and
the connection of this generator to the converter and to the battery. This
gasol i ne engi ne then supplies, via the internediary of the generator, the

“energy needed to drive the vehicle and recharge the battery. When t he
amount of electric energy available in Rhe battery again exceeds the
predeterm ned threshold, the control circuit stops the gasoline engine and
di sconnects the generator. The energy needed to drive the vehicle is then

once again supplied by the battery " In this system, the voltage and
the current S¥ppties %99%%% @%ﬁ%@%&%ﬁlVﬁeﬁoﬁﬂbeﬁaEBIFn@léﬁﬁFn¥OéﬁéS§tes are

subst anti al Igeﬁ@ﬁataﬁt and ftHSt chAnbceliohhicE CthigNgenRi¥eDt Ordeedel he
drive notor, via t rnedé%%y of the canverter irCUIt and t second
e
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when it is a egan Qk. th nt p th
gener at or ca% ga&elrg%c\%eeﬁy%%l S%P%V\B\Péer $e g%kn%lg\#] !tgjheé:t%a ttg’lgy may
"not be chargedt®§r¥- current greater than a deternlned val ue under penal ty

of being damaged.ydbg éﬂét%Qﬁ@céfbéﬁeééfﬁbnéﬁe¥8vt avalmaﬁlg Les! %teance
connected in series between the generator and the batter th
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wastes a congbflerahl eiaspiuntsdpentiQ)yadi ihe Windian izald vikeduere e
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charge, whi cRYcdhe IRREFAMRY | When ofhehiossedting yengine operates are
' substantially constant. A first part of this current
serves to feed the drive motor, via the intermediary of
- the converter circuit, and the second part of this current
serves to recharge the battery. If the drive motor
consumes little or no energy, for example when the vehicle
runs downhill or when it is at rest, this second part of
the current supplied by the generator can be relatively
high. However, it is known that a battery may not be
charged by a current greater.- than a determined value under
penalty of being damaged. The system described hereinabove
thus has a resistance connected in series between the
generator and the battery and which is designed to limit
the charging current of the latter.

this

This resistance wastes a considerable amount of
energy which substantially reduces the efficiency of the
system. In addition, this resistance needs to be of
considerable size and its temperature can reach high
values, which makes it complicated to install it in the
vehicle. What is more, despite the presence of this
resistance, the battery charging conditions are not
favourable because of considerable variations in the
current used for this charge, which can reduce the life of
this battery.



3 It is an object of the instant invention to provide a vehicle
drive systemof the sane type as that described in US Patent-A-4, 306, 156
but whi ch does not have the above- described di sadvantages of the latter,
‘that is a systemthe efficiency of which is substantially better than that
of this known system which has no cunbersone conponent having possibly a
very high tenperature such as the linmitdtion resistance nentioned

her ei nabove, and in which the battery charging conditions can be close to
opti mum condi ti ons. This object is achieved by the clainmed system
which is a drivelﬁysten1fo%8a vehicle having at. | east. one drive wheel and

|
means to produce & SRR P3PSt oRt r bR Hes tah: STHERG™ §LaProNiee daid
drive wheel vidalte drilves system of tha simettype d ahaedearirdbkdy jgoupl ed
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r epr esent at i tize obat hervnobargohgekentiiitd oasercgyn doretbsea sai dpadaunul at or
this syst emg&'}@_&l{g}g_act erized in that said electric energy transfer neans

have: - Irst regulating nmeans to regulate the intensity of said
first and of sai dF&ETARGtedts idchdraiegy v thei sledsednsystema fhich

regul ati ng signaldrafd system for a vehicle having at least one drive

wheel and means to produce a signal for controlling the
speed of rotation of said drive wheel and which has

- an electric motor mechanically coupled to said
drive wheel;

- a rechargeable electric energy accumulator;

- an internal combustion engine; ‘

- an electric energy generator mechanically coupled
to said internal combustion engine; |

- electric energy transfer means electrically
connected to said electric motor, to said generator and to
said accumulator to cause a first electric energy flux to
pass between said accumulator and said electric motor, a
second electric energy flux to pass between said generator
and said electric motor, and a third electric energy flux
to pass between said generator and said accumulator; and

- means to produce a first measurement signal
representative of the amount of electric energy stored in

said accumulator;

this system being characterized in that said electric
energy transfer means have:

- first regulating means to regulate the intensity
of said first and of said second electric energy flux in
response to a first regulating signal; and



"4 - second regulating nmeans to regulate the intensity of said second
and of said third electric energy flux in response to a second regul ati ng
si gnal ; and in that said systemal so has : - means. to produce a
second nmeasurenent signal representative of the electric power transmtted
by said first and said second electric ehergy flux; - nmeans to produce
a third neasurenent signal representative of the electric power transmtted
by said second and said third electric energy flux; and. - a control
circuit arranged so a rodu G said first re nal,_ as .
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second measurement signals.

Other objects and advantages of the instant invention
will be apparent from the following description with
reference to the appended drawing in which the single
figure 1 is a block diagram representing two embodiments
of the drive system of the instant invention which will
only be described by way of non-limiting examples.

The vehicle drive system shown diagrammatically in
figure 1, in which it bears the reference numeral 1, has
an asynchronous motor 2, the rotor of which, not shown
separately, 1is mechanically connected to a drive wheel of
the wvehicle, also shown in this figure 1 with the
reference numeral 3. In this figure 1, the motor 2 and the
wheel 3 are separate, their mechanical connection being
represented by a double line. It is, however, clear that
this motor 2 and this wheel 3 can be mounted together or
that they can be connected via the intermediary of a
transmission shatft and/or by a gear train.

' The system 1 also has a rechargeable electric energy
accumulator, or battery, 4 which is connected to the
stator of the motor 2, not shown separately, via the
intermediary of a converter circuit S. This converter 5 is

so disposed as to be able to supply the electric energy



"5 needed for the functioning of the notor 2 in the formof alternating
vol tage and current fromthe electric energy which it receives fromthe
battery 4, or fromother circuits which will be described hereinbelow, in

“the formof direct voltage and current. 5 The converter circuit 5 is
nor eover di sposed so as to regulate the voltage and/or the current which it
supplies to the notor 2 as well as, possibly, the frequency of this voltage
and-of this current, in response to a regul ating signal designated SR1,
which it recehyededir forathentunbtibningt o, theembunet 2oia chewfioetm wif | be
descri bed herei paf n r S h onpvert 5 ranged sQ as to
regul ate the %Fg%{%géiﬁémggagﬁﬁﬁﬁgﬁg EH%E?Pg @fgktﬁéeng%%F% %nggbsﬁﬁﬁse to
the regul ati nghgicgnalt SReceives | frehowhe beanbesd Her eorhaireme oalhent ri caI '

connecti ons b %w@ﬁgtgh@rﬁéﬁ' 9&@1%@@&&%@& v duisitopean, dcq'xsegy 2o ngl o

which wi || escrib her el nbel ow are represented |nf|gure
i ne even thoaéhd%ﬁé‘éfe YOHRSS i89Fs CHFEeRBnposed of several conducting wires

as is of course th@héaé&nﬁ@ﬁ@éﬂ kﬁz@mtthg Q@nﬁ\eeéboeﬁ aespessy tde Latdpry 4,
the converter 5 a

_ Ed E torrL ) keths urev# %S|er to
under st and, t RESHGARECERENEC Fl@%?v‘?’?\ he* B? e GERY der gy
have been repltesehéenlobyrlinm weili Ic leesr, lplmzslslbhgsethblfhe@eemm: ttrmmt

e 2 reer QAL EHRN Y Uik e currTOR SUB SULAR 0% TARAAULAG

engi ne 7 mechaii ca Iy "Cou 0 thé rotdr, not own separ at
al ternating veligage g?eesé@namede SRIn twhicH i furvegeivpe éﬁgmn@ ?mqhe

generator 8 arfg,3/paF ake, dhel FuReehamiscabrCcqaneal i QRiheiny weRiesaded by
a double line, Tt is, however, clear that this engine 7 and this generator

8 can be mounbEFSiFFEIRE IP BT WOFEan tHe COHVEAST \)51 d§ rpFranged

internediary @b asjea regailate the amecefa&opo@értmlglenﬂ: aémp&esno&oshom

tel ted.to the bat 4, and,thus to. th t 5,
i B the | i er 1R SRy OB 2atQoRGTRPNVE LEF EFPLMILE S Ghverter o 1s

di sposed so as to dupplshodkdmbdehenoted here that the electrical
connections between the various elements that have just
been described or which will be described hereinbelow are
représented in figure 1 by a single line even though these
connecﬁions are composed of several conducting wires as is
of course thé case notably for the connections between the
battery 4, the converter 5 and the motor 2. To make this
figure 1 easier to understand, the connections involving
the transmission of electric energy have been represented
by lines thicker than those which serve to transmit
control or measurement signals.

The system 1 also has a gasoline engine 7
mechanically coupled to the rotor, not shown separately,
of an alternating voltage generator 8. In this figure 1,
the engine 7 and the generator 8 are separate, their
mechanical connection being represented by a double line.
It is, however, clear that this engine 7 and this
generator 8 can be mounted together or that they can be
connected via the intermediary of a gear train.

The stator of the generator 8,'not shown separately,
is connected to the battery 4, and thus to the converter
5, via the intermediary of a second converter circuit 9.
This converter 9 is disposed so as to supply, from the



6 alternating voltage produced by the generator 8, a direct voltage
substantially equal to the voltage produced by the battery 4. This
converter 9 is, noreover, so disposed as to regulate, in response to a
second regulatlng signal designated SR2, the current and thus the power
which it supplies to the battery 4 and o the converter 5. The si gnal SR2

I s produced by the control circuit 6 in a manner that will be described

her ei nbel ow. - The system 1 also has a nonitoring circuit 10, the inputs

of which are, t i d | pgse to
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its first use. The| FYﬁFﬁm &eaéém teed & Mmaiket g Breneiegaibl &0t hahe he
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converter 9 @@ﬂce it can be made in different ways which are well
known to the person skilled in the art. It will only be
mentioned that this monitoring circuit 10 generally has
measurement circuits supplying signals representative of
the voltage at the terminals of the battery 4, of the
charging or discharging current of this latter as well as
of its temperature. This circuit 10 also has the
calculating circuits needed to produce the signal SQ in
response to the various measurement signals mentioned
hereinabove, possibly taking into account the age of the
battery 4, that is the time which has elapsed since its
first use. |

It will be admitted in the present example that the
circuit 10 is disposed so that the signal SQ varies
between a maximum value when the battery 4 is completely
charged and a zero value when this battery 4 is completely
discharged.

The system 1 also has a measurement circuit 11
connected to the converter 5 and arranged so as to produce
and to supply to the control circuit 6 a measurement
signal SP1l proportional to the electric power absorbed by
this converter 5 and thus by the motor 2, as well as a

measurement circuit 12 connected to the converter 9 and -



t 7 arranged so as to produce and to supply to the control circuit 6 a
measur enment signal SP2 proportional to the electric power supplied by the
~eonverter 9 and thus by the generator 8. The system 1 may al so have a
circuit designed to charge the battery 4 when the vehicle is at rest close
to a source of electric energy such as & socket connected to a public
el ectric energy supply network. A charging circuit of this kind has not
been shown since it has no direct connection wi th the instant invention
The control C|rCU|td6 rE escri in deta{ S|n ce the
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to this accefB 59%r {B%dg?tt?ﬁ?}’s pEasR %‘f?ﬁ‘s‘ﬁﬁot‘énﬁtoﬁ@ts& HeFe *et been
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many possible ways after having read the following
explanations of the operation of system 1.

It will simply be mentioned that, apart from the
signals S5Q, SPl and SP2 already mentioned, the circuit 6
receives a control signal SA representative of the
position of the accelerator pedal of the vehicle. This
signal SA <can be supplied, for example, by a
potentiometerL' the cursor of which is mechanically
connected to this accelerator pedal. This pedal and this
potentiometer have not been shown.

It should also be mentioned that the fuel supply
device of the gasoline engine 7, which has for example a
carburettor or an injection pump, is arranged so as to
regulate this fuel supply in response to a regulating
signal SR3 supplied by the control'circuit 6 in conditions
to be described hereinbelow.

It will be admitted that, at the moment at which this
description of the functioning of the drive system 1
commences, the amount of electric energy available in the
battery 4 is greater than a determined amount Q1 and that
the value of the signal SQ is thus greater than a wvalue
SQ1 corresponding to this amount of energy Ql.

The fact that the value of the signal SQ is gréater
than this value SQl1 means that the control circuit 6



“than this value SQL neans that the control circuit 6

8 produces the regulating signal SR3 with a value such that the supply
~tto the gasoline engine 7 is conpletely interrupted. This engine 7 is thus
at rest. In addition, the control circuit 6 produces the regul ating

signal SR2 with a value such that the cohverter 9 is bl ocked, that is that
It does not operate and t:hat its output presents a very high inpedance.
When the vehicle equipped with the drive system 1l noves under these
conditions, the contro|l circuit 6 produces the sjignal SRL with a val ue
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the arrow F1 ghowe st pk@nilines between the battery 4 and the notor 2
and will be designated with the sane, reference nuneral in the description

that foll ows. In TRESRABSAt &7 ER&St r5eI%hkr §FlayafPabrenvienyeF

supplies a given electric energy to the motor 2 in the
form of alternating voltage and current and the power
absorbed by this motor 2 in electrical form and that which
is returned by this latter in mechanical form depend on
the value of this signal SR1 and thus on the position of
the accelerator pedal of the vehicle.

The electric energy supplied by the converter 5 to
the motor 2 obviéusly comes from the battery 4 which
supplies this energy in the form of direct wvoltage and
current.

It may thus be considered that a first electric
energy flux circulates in this case from the battery 4 to
the motor 2 through the converter 5, this latter
regulating the intensity of this first energy £flux as a
function of the value of the regulating signal SR1 which
in turn depends on the value of the signal SA and thus of
the position of the accelerator pedal of the wvehicle. This
first electric energy flux is represented in figure 1 by
the arrow Fl1 shown in broken lines between the battery 4
and the motor 2 and will be designated with the same
reference numeral in the description that follows.

The amount of electric energy available in the
battery 4 obviously decreases as the vehicle equipped with
drive system 1 moves. The signal SQ, which 1is



‘battery 4 obviously decreases as the vehicle equipped with drive system1
noves. The signal SQ which is 9
representative of this anount of energy therefore al so decreases. When
this signal SQ reaches the value SQL nentioned herei nabove, that is when
the amount of energy available in the baftery 4 has only the value Ql left,
the control circuit 6 causes the starting up of the gasoline engine 7 and

t he .operation of the converter 9. The engine 7 may of course be

started up b i ' | starter supplied_by an auxiliary battery and
control | ed b%e}{eﬁ%%%ﬁ@?g%; %é‘ﬂlﬁplai CI3‘8'})%/ ?ﬂeXBSHWoItharrec%ﬁe @fﬁ%t t he
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it g][t]?irgﬁpg ?gﬁée{é"has notTglegntgggwr?f sol ution has been adopted in system

It is thus preferable to ariange the converter 9 so
that it is able not only to produce a direct voltage from
an alternating voltage supplied by the generator 8, as has
been mentioned hereinabove, but that it is also able to
function in the opposite direction, i.e. to supply the
generator 8 with an alternating voltage from the direct
voltage produced by the battery 4.

A reversible converter of this kind is well known to
the man skilled in the art and will therefore not be
described here. It will merely be admitted that, in the
present example, the direction of operation of the
converter 9 is determined by the polarity of the control
signal SR2.

It will be seen that when the converter 9 is arranged
in the manner described hereinabo&e, it suffices for the
generator 8 to be of any of the various well known types
of generators capable of also operating as motors for the
gasoline engine 7 to be started up without any need to use
an auxiliary starter and battery. '

This type of solution has been adopted in system 1 of
figure 1.

When the signal SQ reaches the value SQl, as has been
described hereinabove, the control circuit 6 thus gives

the signal SR2 a polarity and a wvalue such that the



" When the signal SQ reaches the value SQL, as has been descri bed

her ei nabove, the control circuit 6 thus gives the signal SR2 a polarity and
a val ue such that the 10 converter 9
operates in the direction in which it supplles an alternating voltage to
the generator 8 fromthe direct voltagé®produced by the battery 4. The
generator 8 therefore operates as a notor and causes the gasoline engine 7
to.rotate. At the sanme time, the control circuit 6 gives t he signal SR3

a val ue such t hat the f uel of . the en lS ah

operate.  COPYRFES Engl?ﬁsﬁgﬁ4%1§%s%§FtglﬁﬁﬁtBBBlh%gY %%u% e‘]g’e‘?f%rator
to turn andathadtkatatingtwolsage tmordueegme:adu:car réat o \/lzhet atferect The
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converter eglﬁ ?%géupp 332 %Qrect VO tage in response to the

al ternati ng vol t 3fe Wereratorr & ethersefesm Phergassr aragmotor gwrdhas

al r eady beeeagggglgﬂgdgaggmidy @%%gngobtggergfggyced by the converter 9 is
substantial ly equa &ﬁ%t e volt %e at the termnals of the hattery 4.
Moreover, as wil PEh&NestET et 1 dERGi COREFONIR TNt he givas i Ehener gy
produced bystlbﬁaCtOBRBr&eﬁ'aH;e viidth e s her éuelhatpphi chevscoroduegs by the
gener at or 8, 1 S use d %?e one_hand by the converter 5 to supply to the
notor 2 the Qﬁéng ngg ©i¥s*8pération and, on the other hand, to
recharge the bat Taig 4ngine 1ttheg snereSoamdnbegﬁm$depe@ausﬁ the this

case, a Secoud Llaeh! I Ny Ui G UALRS | d;%;gém&%@&@é to the

notor 2 across the converters 9 an ectric energy flTux
circul ates PASeropringevielt@en- 8 to the battery 4 across the converter

These two el ectr irtheeRrdrdll %Q%Lﬁ!te ee@ﬁeﬁeeheﬁ egemectedaeaﬂlﬁ éfgure 1
by the arro of .broken_|ines ﬁ F3 and F gdesi gnat ed these
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dlrect voltage in response to the alternating voltage
which it receives from the generator 8.

sane refere

As has already been mentioned, the direct voltage
produced by the converter 9 is substantially equal to the
voltage at the terminals of the battery 4.

Moreover, as will be described in detail hereinbelow,
the electric energy produced by the converter 9, which
comes from that which is produced by the generator 8, is
used on the one hand by the converter 5 to supply to the
motor 2 the energy needed for its operation and, on the
other hand, to recharge the battery 4.

It may therefore be considered that, in this case, a
second electric energy flux circulates from the generator
8 to the motor 2 across the converters 9 and 5 and a third
electric energy flux circulates from this generator 8 to
the battery 4 across the converter 9.

These two electric energy fluxes are represented
respectively in figure 1 by the arrows of broken lines F2
and F3 and will be designated by these same references in
the description that follows.

It is clear that in this case the powef transmitted
to the motor 2 by the energy flux F2 is determined by the
value of the signal SR1l, exactly as in the case described
hereinabove where the engine 7 does not operate and where



"It is clear that in this case the power transmtted to the notor 2 by the
energy flux F2 is determ ned by the value of the signal SRl, exactly as in
_ the case described hereinabove where the engine 7 does not operate and
wher e any energy needed to propel the vehicle is supplied by
the battery 4. It is generally recokended that a battery be
recharged with a current at |east substantially equal to a constant current
determned as a function of the type of this battery, of its nmaxi num

capacity and of the tine t ed to i1, t.o ensure that | asts
as |ong as pd&sl piErY négagg;%8hafa%e h% é%hﬁ R R s R ﬁgskgﬁtlally
const ant andoq:trtmjm édr.mned current it is therefore necessary for the
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This latter power is equal to the difference between
the power supplied by the converter 9 and that which is
absorbed by the converter 5, and it is thus proportional
to the difference between the signal SR2 and the signal
SP1l, provided of course that the factors ..of
proportionality between these signals and the
corresponding powers are equal, which is not difficult to
achieve.

The power absorbed by the converter 5 is obviously
variable and the same therefore applies to the value of
.the signal SP1. '

For the difference between the signals SP2 and SP1l to
remain constant, it is therefore necessary to vary the
power supplied by the converter 9, to which the signal SP2
is proportional, and thus to vary the power supplied by
the generator 8. '

This latter depends directly on the speed of rotation
of this generator 8, and thus on that of the gasoline
engine 7 which, in turn, depends on the mechanical power
which this engine 7 has to supply and on the value of the
signal SR3 which controls its fuel supply device.

For the power supplied to the battery 4 to be
substantially constant, the control circuit 6 can
therefore be arranged so that it regulates the power



‘which this engine 7 has to supply and on the value of the signal SR3 which
controls its fuel supply device. For the power supplied to the battery
.4°to be substantially constant, the control circuit 6 can therefore be
arranged so that it regul ates the power

12 suppl ied by the generator 8 by regu_q';ltl ng the speed of rotation of the
engi ne 7 by neans of the signal the“value of this signal SR3 being
determ ned as a function of the dlfference bet ween signals SP2 and SP1.

For the power supplied to the battery 4 to be substantially constant, the

control circuidpd iean wsehbeg%h%%la%fi ig W09e§uy\@hhaatcrﬂet oLy a&ES the
mechani cal po r_which fi)rﬁ%} engi ne 7 has to su a_ reason which
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which is connected to thé generator he out put o
si gnal propordirERged oiiB nFechoft WaE shatt His ﬁegltlr?éi@pe@m dfteq:b&laicah of
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signal which it pr duces wi || cal.l ed, flgna Also in this case,

the control circuitt™® ?srﬁﬁﬁﬁﬁgéﬁuﬁ‘ €1y per Madat eyidarEufaan them t he
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notor 7 and atqr erence aI ue al SV, this
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that which nust be _used to recharge the batter n the vehlcle
equi pped with syst%’rﬁ 1Y & pgoguced by t e generator being

proportional to its speed of rotation, a device of this
kind can simply be composed of a measurement circuit of
this voltage, the input of which is connected to the
generator 8 and the output of which produces a signal
proportional to this voltage and thus to the speed of
rotation of the generator 8. In figure 1, this circuit has
reference numeral 13 and the signal which it produces will
be called signal SV.

Also in this case, the control circuit 6 is arranged
so as to permanently calculate, from the wvalue of the
signal SP1 and taking into account the charactefistics of
the motor 7 and of the generator 8, a reference value for
the signal SV, this reference value being equal to that of
this signal SV when the speed of rotation of the generator
8 is such that the power which it supplies is exactly
equal to the sum of the power absorbed by the converter 5
and Qf that which must be used to recharge the battery 4.

When the vehicle equipped with system 1 travels at a
constant speed on perfectly horizontal ground, the power
consumed by the motor 2, and thus that which is absorbed

by the converter 5, are constant, as is also the value of
the signal SP1.



- constant speed on perfectly horizontal ground, the power consuned by the
notor 2, and thus that which is absorbed by the converter 5, are constant,
as is also the value of the signal SPl1.

13 Let us admt that the engine 7, and thus the generator 8, then
turn at a speed such that the power proggced by this latter is exactly
equal to the sumof this power absorbed by the converter 5 and of that
which it is desired to supply to the battery 4 to recharge it. The signa
SV therefore has exactly the reference val ue cal cul ated by the control

circuit 6 and thELéystuBSEn izsdnit achladbl enst aéRgine 7/ f armdN teihey PO RYe
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is absorbedJyddisr| enéesighdiweipeh Ehen&ipveréLenfenNOalue for the
' signal SV higher that the preceding reference value. The
difference between this new reference value and the wvalue
of the signal SV thus becomes positive because, at least
-at the first iﬁstant; the speed of rotation of the

generator 8 remains unchanged.

In response to this difference between the new
reference value and that of the signal SV, the control
circuit 6 gives a new value to the signal SR2 such that
the power supplied by the converter 9 and thus that which
the generator 8 haslto produce, decreases.

The power supplied by the converter 9 having
decreased whereas that which is absorbed by the converter
5 has increased, the difference between these two powers
decreases or even becomes negative.

In the first case, the charge of the béttery 4 is not
interrupted, but simply slowed down. In the second case,
this charge is interrupted, and the battery 4 supplies to
the converter 5 that portion of the power which is
absorbed by ;his latter and which the converter 9 no
longer supplies thereto.

The decrease in the power produced by the generator 8

- results in the resisting torque opposed by this latter to
the engine 7 also decreasing. As a result, the speed of



| onger supplies thereto.

gener at or
.engine 7 also decreasing. As a result, the speed of
rotation of this engine 7 increases, as well, of course, as that of

t he generator 8. The signal SV thus f%SO I ncreases and, when it becones
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does of course the value of the signal SV. Howevér, as
soon as this value of the signal SV falls below its new
reference value, the control circuit 6 changes the value
of the signal SR2 so that the power supplied by the
convefter 9 decreases, which results in the speed of
rotation of the generator 8 increasing again, and so on.

In analogous manner, the reference wvalue for the
signal SV calculated by the control circuit 6 decreases
when the power absorbed by the converter 9 decreases. The
difference between this new reference value and the signal
SV therefore becomes negative and in response to this
negative difference the control circuit 6 gives the signal
SR2 a value such that the power supplied by the converter
9 increases. o

As a result of this increase, on the one hand the
power supplied to the battery 4 increases and, on the
other hand, the speed of rotation of the generator 8
decreases until the signal SV becomes less than its new
reference value.

The control circuit 6 then again modifies the signal
SR2 so that the power supplied by the converter 9
decreases and again becomes equal to the sum of the power

absorbed by the converter 5 and of that which is needed to
charge the battery 4.

| i ed b d, h
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“Tﬁe control circuit 6 then again nodifies the signal SR2 so that the
power supplied by the converter 9 decreases and again becones equal to
.the sum of the power absorbed by the converter 5 and of that which is

needed to charge the battery 4. 15
The speed of rotation of the generator 3“§hen I ncreases again, and so on.
It will be seen that as |long as the power™ absorbed by the converter 5 is

constant, the speed of rotation of the generator 8 oscillates about a nean
val ue mhich is that for which the signal SV is equal to the reference val ue
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and/or that it_produces as few
elements concerned. Moreover, when the power absorbed by

the converter 5 varies, the speed of rotation of the
generator 8 is consequently regulated and, during the time
needed for this regulation, the battery 4 supplies, if
.necessary, the power which the converter 5 absorbs and
which the generator 8 no longer supplies, or absorbs that
which this generator 8 supplies and which the converter 5
no longer absorbs.

It may be seen that when the control circuit 6 is
arranged so as to carry out the method just described, the
speed of rotation of the generator 8 is regulated to the
desired wvalue without need to change the value of the
signal SR3 which controls the fuel feeding device of the
engine 7.

This signal SR3 can therefore have a constant value
chosen in such a way that this engine 7 operates in the
most favourable conditions, i.e. that it consumes as
little fuel as possible and/or that it produces as few
pollutant gases as possible.

Thus, for example, in the case in which the fuel
feeding device of the engine 7 has a carburettor with a
throttle valve,-the position of which is controlled by the

signal SR3, it is possible, and even preferable, to give



“pol | utant gases as possi bl e. Thus, for exanple, in the case in which
the fuel feeding device of the engine 7 has a carburettor with a throttle
valve, the position of which is controlled by the signal SR3, it is
possi bl e, and even preferable, to give

16 this signal SR3 a constant value sq.that this throttle valve is

al ways conpl etely open. When the system 1 operates as has just been
descri bed, the anmobunt of electric energy available in the battery 4

i ncreases and, after sone tinme, reaches a predeterm ned value @, the
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regul ates thedigensidne of dpudisstnapdaef thhe $6608¢te%k 9 no longer
' functions and that its output has a very high impedance.

As from this moment, all the energy needed to move
the vehicle is once again supplied by the battery 4. The
amount of electric energy available in this latter then
decreases until it reaches the wvalue Ql. The control
circuit 6 then causes the engine 7 to start up again and
unblocks the converter 9, and the system 1 starts
functioning again as described hereinabove.

As clearly emerges from the preceding description,
the intensities of the various electric energy fluxes
which have been defined hereinabove and which circulate
between the elements of the system 1 producing or
absorbing such energy, that is the battery 4, the motor 2
and the generator 8, are regulated by the converters 5 and
9 which thus together constitute means for transferring
this energy between these elements. The converter 5
regulates the intensity of the first and of the second of
these fluxes as a function of the signal SR1 which in turn
depends on the signal SA and thus on the position'of the
accelerator pedal of the vehicle. This converter 5 thus
constitutes a means for regulating the speed of the
vehicle. The converter 9 reghlates the intensity of the
sum of the second and of the third of these fluxes as a



"these fluxes as a function of the S|gnal SR1 which in turn depends on the
signal SA and thus on the position of the accel erator pedal of the vehicle.
‘This converter 5 thus constitutes a neans for regulating the speed of the
vehicl e. The converter 9 regulates the intensity of the sumof the second

and of the third of these fluxes as a 17 17
function of the signal SR2 and thus constitutes a neans of regulating the
char.ge of the battery 4, Nbreover the fact that the vehicle drive
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in the exanple descrlbed c ar ed under e.condi tions,
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the vehicle, tha st anceé mh can cover
necessary to r&pil klnqtf\tns S}LEetteItSarﬂuch as maeodescrthedcondma FPesapft-A-

operation of thQe3g8sekknReSNtbiEs @é}elﬁagb{}e 7 in the exanpl e described)
can be chosen in opti num manner, which furthér increases the efficiency of

the system and r edufBSREhERESSURAVEMESSISUtORR FARUERi REBALRY thes fawf ne.
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engi ne and life, and without need for providing a resistance of
limitation of the current used for this recharging, which
substantially increases the efficiency of the system and
thus increases the automomy of the vehicle, that is the
distance which it can cover before it becomes necessary to
refill its fuel tank.

Moreover, the conditions of operation of the gasoline
engine (the engine 7 in the examﬁle described) can be
chosen in optimum manner, which further increases the
efficiency of the system and reduces the amount of
pollutant gas emitted by this engine. In addition, the
generator coupled to the gasoline engine can be of the
type of those which produce an alternating voltage, which
are less voluminous, lighter and cheaper, for equal
performance, than those which produce a direct voltage.
Moreover, the connection between the gasoline engine and
the generator can be arranged in such a way that this
latter turns at high speed, which makes it possible to
reduce its size and hence its price.

It is clear that the values Q1 and Q2, between which
the amount of electric energy available in the battery 4
varies, can be very freely chosen, notably as a function
of the type of battery 4.



- the generator can be arranged in such a way that this latter turns at high
speed, which nakes it possible to reduce its size and hence its price.
It is clear that the values QL and .2, between which the anmount of electric.
“energy available in the battery 4 varies, can be very freely chosen,
notably as a function of the type of batigry 4. Thus, in
cases in which the battery 4 is a | ead accunul ator, one would preferably
chogse for QL a value situated between 20% and 30% approxi mately of the
maxi mum amount of electric energy that the battery 4 can contain, so as to
avoi d the damage WHeh alBat¥@sSF of t Mind aby pehe ofled tSiht et Wierfi £ops
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this val ue. : S wa exa it i s _possihle t oose .for a
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latter, for whighethe shavgi Rgiehf helengy1d siStudilows whiikci-gnhby high. Such
a choice further increases the autonony of the vehicle. Thi s aut onony
of the vehicle canPbh¥° Y t¥Yf ‘?ﬁ 'bftarlrsar?@sﬁd'qelﬁe ) SHO9sE iEP%Such a
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order of 70% to 80% of this latter, for which the charging

efficiency is still sufficiently high. Such a choice

further increases the autonomy of the vehicle.

" This autonomy of the vehicle can be further increased

by arranging the system 1 in such a way that when its

driver completely releases the accelerator pedal, at least

part of the kinetic energy of the vehicle is converted

into electric energy and that at least part of this latter

is used to recharge the battery 4.

A system 1 arrranged in this manner will not be
described in detail since its realization does not pose
any particular problem to the person skilled in the art.

It will merely be mentioned that, in a system of this
type,.the motor 2 must clearly be one of the various well
known types of motors capable of operating as generators.

In addition, the converter 5 must also be capable of

functioning in an opposite direction to that which has

been described hereinabove, that is that it must be

capable of producing direct voltage and current from the

alternating voltage and current supplied by the motor 2
..when this latter functions as a generator.

In addition, the control circuit 6 must be arranged
so as to give the signal SR1 a value and/or a polarity



1n addition,
opposite dir

the converter 5 nust al so be capable of functioning in an

ection to that which has been descri bed herei nabove, that
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that it nust be capable of producing direct voltage and current fromthe
~alternating voltage and current supplied by the notor 2 when this latter
a generator. I n addi tpon, the control circuit 6 nust be
arranged so as to give the signal SRl a value and/or a polarity

hat the converter 5 operates in the second manner nentioned
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Thus, for example, the control circuit 6 can be
arranged so as to give the signal SR1 a value such that
the electric power supplied by the converter 5, which is
indicated by the signal SPl, is at most'equal to that

which the battery 4 can absorb in the event that the’

signal SQ indicates that this battery 4 is not completely
charged, and a value such that the converter 5 is blocked
in the contrary case.

‘Also by way of example; the control circuit 6 can
also be arranged so that the signal SR1 always has the
value for which the converter 5 transmits all the electric
power supblied by the motor 2 when this operates as a
generator, regardless of this power. This control circuit
6 is then also arranged so that, if the signal SP1l and/or
the signal SQ indicate that this power is greater than
that which the battery 4 can absorb, it gives the signal
SR2 the polarity for which thé converter 9 operates in the
direction in which it supplies electric power to the
generator 8, and to the signal SR3 the value for which the
fuel supply to the engine 7 is interrupted. This engine 7
is then set in rotation by the generator 8, which
functions as a motor, and dissipates the electric power
absorbed by the converter 9 in the form of heat. The

control circuit 6 is of course in this case so arranged

Thi s

1 and/ or



“that which the battery 4 can absorb, it gives the signal SR2 the polarity
for which the converter 9 operates in the direction in which it supplies
_electric power to the generator 8, and to the signal SR3 the value for
which the fuel supply to the engine 7 is interrupted. This engine 7 is then
set in rotation by the generator 8, which functions as a notor, and
di ssipates the electric power absorbed B the converter 9 in the form of
heat. The control circuit 6 is of course in this case so arranged
20 that the value of the signal SR2 is such that this electric power
absorbed by the converter. 9 is _equal tq the difference between that which
i s supplied b§athetRenvE¥s 5L W% hSigtaddi $B2ed Dy SERE VEPAR Sfithe
signal SPl, andctbat pbweh absolndd & theCaBnebgeeb. 9 is &gk tdithe

conversi on of,. I t of t.he kinetic enerqy.of e hicle into
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device of thepuehighen gﬁgdb&%%gfya4b%gﬁgag§gﬁ§q in any case, if only for
obvi ous reasons of,safetx= I'n anot her enbodi nent of the drive system
of the instant inVeREPORRIGhFERVELSAs @k RGwWheRAtf PgEFeC, thadkimetiiol
circuit 6 iscachaRded The RRhikhe vatyec0bcdianghofqgy heayaine HfsdL are

di fferent, depending on the val ue of a node sglegtig& si_gnal Eigsupplied by
a two- positi ngﬁﬂﬁhﬁgcﬁ%%o RN tHeSHEERBoar §Fof e @S0 RS -
connecti on befhseedvihitagewot chedudindh weexr ot theeroskemnionat bihskixont r ol

circuit 6 is<£§3&§§2§$eghghv%ﬁg#&% 1;%% r5%$§8§eﬂg$*ﬁengg Ff??iggﬁﬁgé

with the reference ;. wWhen e si‘ghal as a

whi ch correspasds tid cndyf fostolpokius greasnshefsapfety. t he val ues of QL and

Q@ can differ quitg GiRSEh¥r LAMAIGAROLAL! thel Ur QAT SLefal e gual

to 20% and 80% respectively of. the maxi num anpunt of enhergy which the
instant inventidn, which is also shown in figurX¥e 1, the
control circuit 6 is arranged so that the wvalue of Q1
and/or the value of Q2 are different, depending on the
value of a mode selection signal SM supplied by a two-
position switch disposed on the dashboard of the vehicle.
The connection between this switch, which has not been
shown, and the control circuit 6 is represented in figure
1 by the broken line also designated with the reference
SM.

Then, when the signal SM has a first wvalue, which
corresponds to the first position of the switch, the
values of Q1 and Q2 can differ quite greatly from one

. another, for example can be equal to 20% and 80%
respectively of the maximum amount of energy which the
béttery 4 can contain.

In this first mode of operation, the wvehicle can
therefore run a relatively large distance without putting
the gasoline engine into operation, which for example
makes it possible to cross a built-up area without
emitting pollutant gas.

In addition, when the signal SM has a Second value,
that is when the switch is in its second position, the
values of Q1 and Q2 can be relatively close to one
another, for example can be equal to 40% and 60%



- battery 4 can contain. In this first node of operation, the vehicle
can therefore run a relatively |large distance without putting the

~gasoline engine into operation, which for exanple mnakes it possible to
cross a built-up area without emtting pollutant gas. I n addition,
when the signal SM has a second value, _that is when the switch is inits
second position, the values of @ and 2 can be relatively close to one
anot her, for exanple can be equal to 40% and 60%
21 respectively of the maxi mum anount of energy which the battery 4 can
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the signal SM andinf@rvaridid dbalnies eddls eiw&aheﬁwl oFaRNRE s§Gdm to 70%
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 contain. ofrine LAVERtABRe b eoﬁ@?&?hoﬁ“@ﬁﬁyéﬂga Sg8088Py 5¥ $&U when
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different value for each of the positions of this switch.

In addition, the control circuit 6 is arranged so that the

value of Ql and/or the value of Q2 are different for each

of the values of the signal SM.

‘Thus, for example, the values of Ql and of Q2 can be
those which have been mentioned hereinabove for two of the
values of the signal SM and, for a third value of this
signal SM, can be equal to 70% and 90% respectively of the
maximum amount of energy that the battery 4 can contain.

This third mode of operation can advantageéusly be
used when the vehicle is driven in the open country and
when its driver knows that he must then drive through a
built-up area. When the vehicle arrives at the entrance to
the built-up area, the amount of energy available in the
battery 4 will at least be equal to 70% of the maximum
amount of energy that it can contain. This amount of
available energy will thus probably be sufficient for the
vehicle to be able to cross this built-up area while
functioning according to the first mode described
hereinabove, without the gasoline engine being put into
operation.

It is clear that other modifications and/or additions

can be made to the drive system of a vehicle described



- built-up area. Wen the vehicle arrives at the entrance to the built-up
area, the anount of energy available in the battery 4 wll at |east be
equal to 70% of the maxi num amount of energy that it can contain. This
anount of available energy will thus probably be sufficient for the vehicle
to be able to cross this built-up area while functioning according to the
first node descri bed herei nabove, wtho t he gasoline engi ne bei ng put

i nt.o operati on. It is clear that ot her nodifications and/ or additions
can be nmade to the drive system of a vehicle described
22 her ei nabove w t hout departing fromthe scope of the instant

invention. her&inabovd aRliyhotite gaseltnggenatise €nf bBepsyss emehof
figure 1 can, be reglaced by any other type of internal conbustion engine,

that is by any®bther BRgiHeusi ng the conbustion of a fuel to produce
mechani cal ener gyTsush mstabby, extaspdaesobimgaserals fe.of the Idkedydmpel it IS -
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even each of combystieanepgidei vEhaby is bvhginy wither sietings usiogmtios 2 of
figure 1, viachB8stRbRr 8BA afYe Of IV doiRAMMEBERABE CAENLF P ST SST LD, MeansS,
or each drive wheel can be driven hy a separate notor. .

23 for example, a gas turbine.

Likewise, it is evident that the system of the
instant invention can be used in a vehicle having several
drive wheels. In such a case, each pair of drive wheels,
or even each of these, can be driven by a single motor
such as the motor 2 of figure 1, via the intermediary of
well known mechanical transmission means, or each drive

wheel can be driven by a separate motor.



- CLAI M5 1. Drive systemfor a vehicle(l) having at |east one drive
wheel (3) and neans for producing a signal (SA) for controlling the speed
~of rotation of said drive wheel (3), having - an electric notor (2)
mechani cal ly coupled to said drive wheel (3); - a rechargeabl e
el ectric energy accumul ator (4); - an internal conbustion engine (7);
- an electric energy generator (8) nezhanically coupled to said internal
conmbustion engine (7); - electric energy transfer neans (5, 9
el ectrically connected to said electric notor (2), to said generator (8)
and to said accunulator (4) to cause a first electric energy flux (F1) to
pass bet weerClBHE accunmul ator (4) and said electric motor (2), a second
el ectric energy flux (F2) to pass between said generator (8) and said

electric notor (2 athird electric en I 3 tQ pa bet ween
sai d glanerator (81; %H‘lé’ﬁ &YIEIESWnGPEtBIrV‘("Q}‘:{%KJd) ug(Vl ) s?ti(?)neto

produce a fidsiveraseebnedl sidnsdang JJr apdreEiAta \se.gtmfalt hemnzsit of
electilC ey siorgd I laeeunulateen (dhisata oW BHEN 269 [ 1 A

said electri¢ ener gy TSt dl ati ng
means (5) havirgulate the intensity of said flrst (F1) and of said

second el ectric ener gy fhugceFZe [8S POPS € @ hAnfiicdadt L9 sd gnal
(SR1); and - second rggu at?ﬁﬁxﬁiaggﬁ(SB t%n#éﬁﬁ'gie tkﬁi ?n€2%5|ty

of said secof@ifrdyivmdiielsdidithird electric energy flux (F3) in
response to a second & egidhatrige@blegetéctt iR ariergy accafdlatotha) pai d

system (1) also has an internal combustion engine (7};
_ ~ an electric energy generator (8) mechanically
coupled to said intermal combustion engine (7);

- ‘electric .energy transfer means (5, 9)
electrically connected to said electric motor (2), to said
generator (8) and to said accumulator (4) to cause a first
electric energy flux (Fl) to pass between said accumulator
(4) and said electric motor (2), a second electric energy
flux (F2) to pass between.said generator (8) and said
electric motor (2), and a third electric energy flux (F3)
to pass between said generator (8) and said accumulator.
(4); and

- means (10) to produce a first measurement signal
(SQ) representative of the amount of electric energy
stored in said accumulator (4);

characterized in that said electric energy transfer
means (5, 9) have :

- first regulating means (5) to regulate the
intensity of said first (Fl) and of said second electric
energy f£lux (F2) in response to a first regulating signal
(SR1); and

- second regulating means (9) to regulate the
intensity of said second (F2) and of said third electric
energy flux (F3) in response to a second regulating signal
(SR2) ;

and in that said system (1) also has
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- - nmeans (11) to produce a second neasurenent signal (SPl) representative of
the electric power transmtted by said first (Fl) and said second electric

_energy flux (F2); - nmeans (12) to produce a third measurenent signa
(SP2) representative of the electric power transmtted by said second (F2)
and said third electric energy flux (F%?; and - acontrol circuit (6)

arranged so as to produce said first regulating signal (SRl) as a function
of .said control signal (SA) and to produce said second regul ati ng signa

(SR2) as a function of.{he gfasrs{ls&ugst S0 Gddlh o2k B S 0

second measurenent signal ve system accordi ng
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Is again equ 0. sal m ne
in that said control circuit (6) is arradged so as to

produce said second regulating signal (SR2) with a value
such that said difference between said third (SP2) and
said second measurement signal (SPl) is at least
substantially equal to a determined value.

3. Drive system according to Claim 2, characterized
in that it has means (13) to produce a fourth measurement

' signal (SV) representative of the speed of rotation of
said generator (8), and in that said control circuit (6)
is arranged so as to:

- calculate a reference value for said £fourth
measurement signal (SV) as a function of said second
measurement signal (SP1l);

- firstly give saild second regulating signal (SR2)
a value such that said intensity of the second (F2) and of
the third electric energy flux (F3) decreases or increases
depending on whether said difference between said third
(SP2) and said secohd measurement signal (SPl) decreases
or, respectively, increases; and

- when said fourth measurement signal (SV) reaches
said reference value, give said second regulating signal
(SR2) a wvalue such that said difference between said third

(SP2) and said second measurement signal (SP2) is again
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