Cage- 1024 A VEHI CLE HAVI NG AN ELECTRI C

NI CAL BRAKI NG SYSTEM The present invention relates to a vehicle,
notably of the electric type, having a conposite braking system i.e.
el ectric and nmechani cal . It is known that | ocking of one or nore

,Wheel (s) of a vehicle during braking has a del eterious eftas¢ IRbraki ng
'efficiency If a wheel loses grip, this reduces the braking force of this
_wheel and renders the vehicle unstable Several anti -l ocki ng braking
“devices for notor cars AW VEELIS AR ELGCTBIGLANE are known to the
“person skilled in the art. MECHAthAihQR§ﬁ§ﬁGOﬁyggﬂ$ osite braking (electric
and nechanical ), DE-A-42 250 80 describes a vehicle of the electric type
equi pped with four electric notors coupled respectively to the four wheels
of this notor C'Bllie ﬂ)ﬁemtimﬁ&drheﬁeelaf@g ﬂmt@r@rﬁaﬂ%bl gfapct i oni ng
as a genera F i br aki ep a, mechani cal braki vice i s provided
havi ng fouPfdFEe §E5§180 2d FEEHRELF VEPTPIH th ?%%ﬁHQMﬁﬁﬁgﬁmﬁ t he
notor car.i.e. dhectanid ahdchec@aﬂﬂdﬁm .ng device described in the above-cited
docunent only r to t e e i first enbadi t a to the two
axles in a secoﬁ%aﬁﬁgglgm'Qg t ilOC]?1HSEhe ﬁﬁ¥%9ren868lﬁ%%$P éd sensor
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br akes of e rear axl using th % nal s sup p | ed respectlvely by
the two spegakdsgsoferce OfTHé*lJe%nWhGﬁldeW ereadgrsposiel vehded® in
vari ous mauﬁstgglg.functlon of the various paraneters of driving of the

vehicle, by linmting or .remving.the pressure applied to the two di sc
br akes of ¥he regye }ean *f%ﬁﬁﬁ%n brakf%g dev1cesp%or motoxr cars

with purely mechanical braking are known to the person
skilled in the art.

In the case of composite braking (electric and
mechanical), DE-A-42 250 80 describes a vehicle of the
electric type equipped with four eiectric motors coupled

respectively to the four wheels of this motor car. In
addition to these four motors capable of functioning as a
generator in a braking mode, a mechanical braking device
is provided having four disc brakes coupled respectively
to the four wheels of the motor car.

The anti-locking braking device described in the
above-cited document only relates to the rear axle in a
first embodiment and to the two axles in a second
embodiment.

In the first embodiment, a speed sensor is provided
on each of the two wheels of the rear axle. A control
device regulates an electric valve provided in the
hydraulic circuit of the disc brakes of the rear axle by
using the two signals supplied respectively by the two
speed sensors.

The control device is disposed to react in various
ways, as a function of the various parameters of driving
of the wvehicle, by limiting or by removing the pressure
applied to the two disc brakes of the rear axle. In some



2 wases, the control device is adapted so that it decreases the braking
couple of the electric notors. A first disadvantage of the
anti -l ocki ng braking device descri bed herei nabove resides in the control
device, the |layout of which is invariably_conplex and | aborious. A second
di sadvant age derives fromthe fact that it is very difficult to cover al
concei vable driving situations in a control device. The reaction of the
anti- |ocking braking device described hereinabove is therefore very likely

to be unsuita ' r hVing.Sit uat | | es this
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t he di sadvant ages, of the braking devicCe described herel nabov proposi ng
a vehicle equi‘g%‘éhlcﬁvi e s Kidifsds he edmabavsc kk R§ 18RSk Wy S errtgiredt ri ¢
and nechani calde@it &, t eheeacly ourstamnt aReershy @&ﬂra@ﬁfa@&t&} V@bﬁ{pigxa%d
driving situatjqn when a ?raking n%ge is actuated by a driver of the
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- a wheel ; that ian iel eetyi difbiarltha reverskal otoRddiPalld Hriving
T ontrol mvare S Sesee: o do SHEETRA, Beut 6B, TS YT Aa) Giferidite AP Lan
el ectric brakilerkiogde hnakiogpdryéceodaescsibepdienteimiapmie is therefore
nmechani cal br gkl dfykgg%asggciggedu 'hﬁt%%f£‘%§?” §Ebé{?ﬁ iérkggggpable
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defining a brald#  iable. Moreover, the anti-locking braking device
reacts with an extended time delay, due to the reaction
time of the control device.
It is an object of the present invention to overcome
the disadvantages of the braking device described
hereinabove by proposing a wvehicle equipped with a
composite anti-locking braking system (electric and
mechanical) able to react instantaneously and effectively
to any driving situation when a braking mode is actuated
by a driver of the vehicle.
The present invention therefore relates to a vehicle
having :

- @& wheel;

- an electric motor having a stator and a rotor
magnetically coupled to said stator and fixed rotatably to
said wheel;

- control means disposed to cause said electric
motor to operate in an electric braking mode in response
to an set point signal;

- a mechanical braking device associated with said
wheel so that it is capable of exerting a mechanical
braking couple on this wheel; and

- braking means operable by a driver of said
vehicle between two extreme positions defining a braking
travel of these braking means, these braking means

providing, when they are actuated by said driver, said set



travel of these braking neans, these braking nmeans providing, when they are
act uated by said driver, said set 3

point signal to said control neans, the position of these braking neans
within said braking travel determ ning the value of said set point signa
and the value of said nechani cal braking toupl e; this vehicle being
characterised in that said electric nmotor is of the asynchronous type, said
stator having a stator w nding di sposed so as to produce a magnetic field

r-otating at a st.ator_.f uenc t ] by sai d.contraql .nmeans, .sai.d rotor
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measuring means to produce a reference signal
corresponding to a reference frequency substantially
proportional to the speed of said vehicle and in that,
when the speed of said vehicle lies within a range of
given values and that said braking means are actuated
within a determined range of said braking travel, said
mechanical braking means are activated and said electric
motor simultaneously functions in said electric braking
mode, said control means responding to said reference
signal to determine said stator frequency so that this
stator frequency is greater than zero and less than said
reference frequency.

The characteristics described above result in a high
performance anti-locking braking system for said wheel.

Since the asynchronoug electric motor supplies a
force couple varying with the skidding, that is as a
function of the frequency difference between the stator
frequency and the rotor frequency, the force couple of the
electric braking during a loss of grip of the wheel
rotationaly fixed to the rotor of this electric motor
decreases automatically and instantaneously without any
intervention by a control device.

When mechanical braking is exerted on the wheel at

the same time as the electric braking, the electric motor



decreases automatically and instantaneously w thout any intervention by a
control device. When nechani cal braking is exerted on the wheel at the
sane tinme as the electric braking, the electric notor

4 reacts automatically and instantane?usly as soon as the nmechani cal
braki ng begins to |l ock the wheel, by inifially decreasing the force couple
of the electric braking. In a subsequent second period, if nmechanical
.braking alone suffices to lock the wheel, the electric notor then passes
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predetermined value to vary as a function of the value of
the reference frequency. It is therefore possible to
optimise the braking system as a function of wvehicle
speed.

According to other features of the invention, said
mechanical braking device has a hydraulic circuit and a
mechanical brake exerting said mechanical braking couple,
this latter varying as a function of a braking pressure
applied by the hydraulic circuit to the mechanical brake
and determined by the position of a brake pedal or by the
pressure exerted on this brake pedal by a driver of the
vehicle. The brake pedal is capable of being actuated on a
braking travel between two extreme positions of this brake
pedal. A pressure limiter is provided in the hydraulic
circuit to limit the mechanical braking couple so that the
latter remains less than, or equal to, the maximum couple
which the electric motor can supply.

These latter features provide a totally anti-locking
braking system. Since the mechanical braking couple is
always less than or equal to the maximum couple that can
be supplied by the electric motor, this latter 1is
consequently always ready to supply a couple greater than
or equal to that of the mechanical brake and consequently

to unlock the wheel in any driving situation.



braki ng system Since the nmechanical braking couple is always | ess than or
equal to the maxi num couple that can be supplied by the electric notor,
this latter is consequently always ready to supply a couple greater than or
equal to that of the nechanical brake and consequently to unlock the whee
dn any driving situation. 5 In a
.speci al enbodi nent, the vehicle has at | east one first wheel with which
.said nechani cal braking device is associated and a second wheel, as well as
‘a first asynchronods el spécizl nofediaedra skeonshiasndasoraud easecbhic
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As a result of the special features mentioned
hereinabove, when the first wheel partially locks under
the effect of the braking device, the electric braking
decreases on this first wheel and increases on the second
wheel. The total electric braking thus remains
substantially constant as long as the maximum braking
couple of the second asynchronous electric motor has not
been reached.

It will be noted here that the measuring means may be
composed of various electrical, mechanical or optical
devices.

Other features and advantages of the invention will
also be set out in the following detailed description
given with reference to the appended drawings that are in
no way limiting and in which :

- figure 1 shows diagrammatically a first general
embodiment of a vehicle equipped with a braking system of
the invention;

~ figure 2 shows diagrammatically a second
embodiment of a vehicle equipped with a braking system of
the invention;

- figure 3 shows diagrammatically a third
embodiment of a vehicle equipped with a braking system of

the invention;



enbodi mrent of a vehicle equipped wth a braking systemof the invention;

- figure 2 shows diagrammtically a second enbodi nrent of a vehicle equipped
with a braking systemof the invention; - figure 3 shows
diagranmmatically a third enbodi nent of a nehicle equipped with a braking
system of the invention, 6

Figure 1 represents a vehicle 1 equi pped with four wheels 2a, 2b, 2c and 2d
and with four asynchronous electric notors 4a, 4b, 4c and 4d respectively.
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rotor, hereinafter referred to as rotor frequency.
Rotation frequency of a wheel is understood to mean the
number of revolutions per unit of time effected by this
wheel and measured by an impulse sensor associated with
this wheel.

Vehicle 1 is also equipped with control means 6
serving to control the operation of the electric motors 4a
to 4d. These control means 6 are associated with electric
supply means 8 capable of supplying or absorbing an
alternating electric current 10 depending on whether the
electric motors 4a to 4d operate globally as a motor or
generator.

The wvehicle 1 also has a mechanical braking device
associated with the wheels 2a to 2d and serving to exert a
mechanical braking couple on each of these wheels 2a to
2d. This mechanical braking device has a hydraulic circuit
14 hydraulically connecting the brake pedal 16 to four
mechanical brakes 18a, 18b, 18c and 184 associated
respectively with the four wheels 2a to 2d. Each of the
mechanical brakes 18a to 18d is capable of exerting a
mechanical braking couple on the wheel with which it is
associated. The value of this mechanical braking couple
depends on the value of the pressure prevailing in the
hydraulic circuit 14, this pressure being determined by



2d. This nechani cal braking device has a hydraulic circuit 14 hydraulically
connecting the brake pedal 16 to four nechani cal brakes 18a, 18b, 18c and
18d associated respectively with the four wheels 2a to 2d. Each of the
nmechani cal brakes 18a to 18d is capable of exerting a nmechanical braking
coupl e on the wheel with which it is associated. The value of this
mechani cal braki ng coupl e depends on the value of the pressure prevailing
Ln the hydraulic circuit 14, this pressure being determ ned by
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of the rotating magnetic field is thus identical for each
of the motors 4a to 4d if each of these motors has a
stator winding having the same number of poles and turns.
It is this latter case which is proposed in each of the
three embodiments of the invention described herein.

The stator frequency of each of the four motors 4a to
4d is thus equal and proportional to the frequency of the
alternating electric current 10 supplied to, or absorbed
by, the electric supply means 8.

The vehicle 1 of the invention also has measuring
means 22 serving to determine the driving speed of this
vehicle 1 and to supply a reference signal 24 having a
value corresponding to a reference frequency substantially
equal to the rotation frequency which a wheel of the same
diameter as the wheels of the vehicle 1 would have and
which would run without skidding at the speed of this
vehicle 1. A rotor reference frequency corresponds to this
reference frequency and is proportional thereto. The
reference signal preferably considers the position of a
wheel used to direct the vehicle, given the difference of
driving speed of the vehicle wheels in a bend.

Should there be noc attenuating between the rotors of
the motors 4a to 4d and the corresponding wheels 2a to 24,



val ue corresponding to a reference frequency substantially equal to the
rotation frequency which a wheel of the sane dianeter as the wheels of the
vehicle 1 would have and which would run wi thout skidding at the speed of
this vehicle 1. Arotor reference frequency corresponds to this reference
frequency and is proportional thereto. The reference signal preferably
‘considers the position of a wheel used to direct the vehicle, given the

di fference of driving speed of the vehicle wheels in a bend. Shoul d
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reference frequency or be integrated into the control
means 6 which then themselves calculate the rotor
reference frequency by simply multiplying the reference
signal 24 by this reduction coefficient. It will be noted
from the foregoing that the term "reference frequency"
corresponds to the rotor reference frequency.

Finally, the wvehicle 1 also has an set point unit 26
serving to detect at least one parameter in connection
with the position of the brake pedal 16 and to supply an
set point signal 28 to the control means 6.

The control means 6 are so organised as to regulate
the total electric braking couple exerted by the motors 4a
to 4d, when the brake pedal 16 is actuated, as a function
of the value of the set point signal 28. The control means
6 regulate the stator frequency of the motors 4a to 44 so
that, when an electric braking mode is actuated by the
brake pedal 16, the frequency difference between the
reference frequency and the stator frequency of each of
the motors 4a to 4d is positive. In one embodiment, the
above-mentioned frequency difference is less than a
predetermined wvalue. It will be noted that this
predetermined value can vary as a function of the value of
the reference signal 24.



the total electric braking couple exerted by the notors 4a to 4d, when the
brake pedal 16 is actuated, as a function of the value of the set point
signal 28. The control neans 6 regulate the stator frequency of the notors
4a to 4d so that, when an electric braking node is actuated by the brake
pedal 16, the frequency difference between the reference frequency and the
.stator frequency of each of the notors 4a to 4d is positive. In one

enbodi nent, the above-nentioned frequency difference is less than a
predeterm ned val uethe t byidRime motscen hatf t hihe piedeheédwnnedesalrideiin

vary as a funcﬁéﬁé‘u?ib&,@ vsal# & 19 8y egﬁ&eggﬁt%ng%}%‘leffe five .to
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instantaneously and automatically into a motor function
mode by supplying a drive couple opposing the mechanical
braking couple.

If the pressure limiter is designed so that the
mechanical braking couple exerted by each of the
mechanical brakes 18a to 18d remains less than or egual to
the couple which each of the asynchronous electric motors
4a to 44 can supply, each motor 4a to 4d can supply a
drive couple greater than or equal to the maximum
mechanical braking couple which can be exerted by each
mechanical brake 18a to 18d. This provides a total anti-
locking braking system.

It will be noted that the braking system of the
invention is also applied when the asynchronous electric
motors 4a to 4d are not all supplied in parallel. In a
variant of this first embodiment of the invention, each of
the four motors 4a to 4d is controlled and supplied
separately. In a second variant of this first embodiment,
two of the four asynchronous electric motors are supplied
in parallel by the first electric supply means and the two
other asynchronous electric motors are also supplied in
parallel by the second electric supply means. Each of

these first and second electric supply means are



mechani cal braki ng coupl e which can be exerted by each nechani cal brake 18a

to 18d. This provides a total anti- |ocking braking system It will be
noted that the braking systemof the invention is also applied when the
asynchronous el ectric notors 4a to 4d ar&onot all supplied in parallel. In

,a variant of this first enbodi nent of the invention, each of the four
.nmotors 4a to 4d is controlled and supplied separately. In a second vari ant
of this first enbodinent, two of the four asynchronous electric notors are
“supplied i n p&catrallad t he fulresitc ePeBt rdan sughpl peavanso@nd oting lywobpt her

asynchronous elee¢t-ai CcoRELSS sl so supplied in parallel by the second
el ectric supply neans Each of these first and second electric supply neans

are t will moreover be ngged thahtihs IMEFhEpichdi brafipngont r ol

neans or | oi ntdeml@)e et bal ogorhi/OkypBaRSown tol th¥d bbr8BhegNel1bg not ed
t hat the mechanpi cal _braki ng device nmay be of any type known to the person
skilled in th&Rg £C- Referring to figure 2, a second enbodi nent of a
vehi cl e 31 equi ppedefiettlriaghraki ifjgayset @m o4 @h30h@vaam$®ﬂlméﬁt RE a

descri bed heregj W, C descr, for the first
embodi nent of - te%g%h%vg%t?%%e%{ %'% eg%%%réﬁage%to%n é’éfa? i ACdEP AT P her e.
In this seconduéﬁbbalﬂeﬁ¢r1h6ﬂahm§ehahebqw br aki ng device has a hydraulic

cirouit 14 formed byed tbfstoseeondaryeludr ads gldguih l4nand: foa

nde
second secondar Ic clrcult ese filrst secon% secondary

hydraul i ¢ ci r@%@élmﬁétaﬁﬁl ghe igventigapehdeneobiba meraestrér onNegeifel ess,
the pressure prewvarhinohéFe each of these secondary hydraullc circuits 14a
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circuits l4a @rdrikd hasl iantydheulic circuit 14 formed by a first
secondary hydraulic circuit l4a and by a second secondary
hydraulic circuit 14b. These first and second secondary
hydraulic circuits 1l4a and 1l4b are independent of one
another. Nonetheless, the pressure prevailing in each of
these secondary hydraulic c¢ircuits lda and 14b 1is
determined jointly with the help of the brake pedal 16.

A pressure limiter 20a and 20b is provided on each of
the secondary hydraulic circuits l4a and 14b to limit the
pressure capable of prevailing respectively in the first
secondary hfdraulic circuit l4a and in the second
secondary hydraulic circuit 14b.

It will be noted here that it is possible to provide
a different maximum pressure for the first secondary
hydraulic circuit 1l4a and for the second secondary
hydraulic circuit 14b. It is consequently possible to
exert a different mechanical braking couple to the front
and to the rear of the vehicle 31. In the latter case, it
is also possible to provide asynchronous electric motors
capable of supplying a maximum electric couple of
different value between the motors 4c and 4d provided at
the front of the vehicle 31 and the motors 4a and 4b
provided at the rear of this vehicle 31, while still
having a totally anti-locking braking system without any

overdimensioning of one or other of the motors 4a to 44d.



pressure capable of prevailing respectively in the first secondary
hydraulic circuit 14a and in the second secondary hydraulic circuit 14b.

It will be noted here that it is possible to provide a different maxi mum
pressure for the first secondary hydrauligjicircuit 14a and for the second
secondary hydraulic circuit 14b. It is consequently possible to exert a

di fferent nmechani cal braking couple to the front and to the rear of the
vehicle 31. In the latter case, it is also possible to provide asynchronous
el ectric notors capdahl €ighreuppl yhdgned Jinguieahectée¢it® Y enfsdid fzer ent

val ue between t nd_4d praqvided at,the front of the vehicle 31
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stated in connection with the first
that the reference signal 24 which it supplies to the
control means 6 has a value corresponding to the maximum
rotor frequency of the motors 4a to 44 or, in equivalent
manner, at the maximum rotation frequency of the wheels 2a
to 2d.

As already stated in connection with the first
embodiment of the invention, an identical and
predetermined factor connects the rotor frequency of each
of the motors 4a to 4d to the rotation frequency of the
wheel 2a, respectively 2b to 2d which is associated
therewith. It is therefore functionally equivalent for the
reference signal 24 to have a value corresponding to the
maximum rotation frequency of the wheels 2a to 2d or to
the maximum rotor frequency of the motors 4a to 4d.
However, the control means 6, when the braking mode is
activated by means of the brake pedal 16, regulates the
stator frequency of the motors 4a to 44 so that this
stator frequency is less than the maximum rotor frequency.

It will be noted that the maximum rotor frequency
constituting the reference frequency has a value
substantially proportional to the speed of the vehicle 31
as long as at least one of the four wheels 2a to 2d
rotates without skidding. Should the wheel displaying the
best grip skid slightly, the reference frequency supplied



enbodi nent of the invention, an identical and predeterm ned factor connects
the rotor frequency of each of the notors 4a to 4d to the rotation
frequency of the wheel 2a, respectively 2b to 2d which is associ ated
therewith. It is therefore functionally eggivalent for the reference signal
24 to have a val ue corresponding to the maxi mumrotation frequency of the
Wwheels 2a to 2d or to the maxi numrotor frequency of the notors 4a to 4d.
However, the control nmeans 6, when the braking node is activated by neans

of the brake pegalthkS meegitiaigemeahe loattdfe fdR@uRNChcanst e ra@iISs 42 t O
4d so that this stator frequency is lLess than th xi pum rotor frequency.
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reference freqespreshas as vabtatisnbstragteaty yoprudmontotomabft onehef sgiged of
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the reference frequéhcyldbpptinered that in this second embodiment, tiile by
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Thi s second enbodi ng Esaééégﬁg(aﬁs%gs a gggﬁgrin u%it 40 segvin to nmeasure
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o the value of the set E0|nt si gnal $ugpL|e y the set point unit 26a

to the control "g@&ss & the value of which is representative of the
alternating electric current 10. The value of the signal
42 is slaved to the value of the set point signal 28
supplied by the set point unit 26a to the control means 6.
The control means 6 thus organise the regulation of the
voltage amplitude and of the frequency of the alternating
electric current 10 as a function of the set point signal
28. The set point signal 28 consequently regulates the
total electric braking couple, given that this total
electric braking couple is defined by the value of this
alternating electric current 10. Moreover, as has already
been mentioned, the control means 6 organise the
regulation of the stator frequency by means of the
frequency of the alternating electric current 10 as a
function of the reference signal 24.

The organisation of the electric braking together
with the mechanical braking is provided in this second
embodiment in the following manner: in a first phase the
intention is first to use the electric braking and only to
use the mechanical braking in a second phase, the electric
braking then having substantially attained the maximum
electric braking couple of the motors 4a to 4d4d. To do
this, the set point unit 26a is constructed as a sensor of
the position of the brake pedal 16. It should be noted



The control nmeans 6 thus organi se the regul ation of the voltage anplitude
and of the frequency of the alternating electric current 10 as a function
of the set point signal 28. The set point signal 28 consequently regul ates
the total electric braking couple, given g3hat this total electric braking
.couple is defined by the value of this alternating electric current 10.
.Moreover, as has al ready been nentioned, the control neans 6 organi se the
regul ati on of the stator frequency by neans of the frequency of the
"alternating elecdati cheuroegénifansoa famcthen fakiregy r efference siegrald 24.
The organi sati . e i nakl t Qget her w_t h C l,.cal
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part of the travel that can be covered hy the brake pedal 16, the electric
braking is con$ et PG fathp travel that can be covered by the brake

pedal 16, the electric braking is controlled so that it

e

supplies a maximum electric braking couple and the
mechanical braking couple is progressively increased. To
limit the mechanical braking, the pressure limiters 20a to
20b are provided respectively in the first and second
secondary hydraulic circuits l4a and 1l4b.

Should one of the wheels 2a to 2d begin to lock, the
electric braking couple exerted on this wheel by the
asynchronous electric motors associated therewith is
instantaneously and automatically decreased. Given that
the signal 42 supplying the wvalue of the alternating
electric current 10 to the control means 6 is slaved to
the set point signal 28, it follows that a reduction of
the electric braking couple on one of the wheels 2a to 24
due to locking, as far as a reserve of the electric
braking couple is provided, does not result in a reduction
of the total electric braking couple. This latter finding
constitutes an interesting advantage of the supply in
parallel of the motors 4a to 4d.

It will be noted that the control means 6 are
disposed so that the electric supply means 8, controlled
by means of control signals 37 and 38, bring about optimal

organisation of the motors 4a to 4d as a function of the



supplies a maxi mum el ectric braking couple and the mechani cal braking
couple is progressively increased. To |limt the nmechanical braking, the
pressure limters 20a to 20b are provided respectively in the first and
second secondary hydraulic circuits 14a amd 14b. Shoul d one of the
wheels 2a to 2d begin to lock, the electric braking couple exerted on this
-wheel by the asynchronous electric notors associated therewith is
instantaneously and automatically decreased. Gven that the signal 42
suppl yi ng the seatuecnit thigradlt &8namnidngfekhet réferemcentidgihl @4 .h&ccai r ol
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alternating electric current 10 to the value of the _set _point signal 28 can
react either b§lFRERBRSPHgSELFALt LG LERN i 10de08F Whedecreasing the

frequency of this alternating current 10, so as to
increase the skidding of each of the motors 4a to 4d. In
the latter case, assuming that the reference signal 24
retains a constant value, the stator frequency is in
danger of decreasing greatly by departing from the
reference frequency. If this is the case, the organisation
of braking moves away from optimal organisation and the
efficacy of the braking is in danger of decreasing, which
would have a deleterious effect on the road performance of
the vehicle.

In the extreme case where three of the four wheels 2a
to 2d present bad grip and that emergency braking is
activated by a driver of the wvehicle 31, it follows from
the foregoing that the supply frequency and the stator
frequency would tend towards a zero value if the control
means 6 are not disposed so that the frequency difference
between the reference frequency and the stator frequency
would have a value less than a predetermined value. This
explains why, in order to prevent such a situation
occurring, the control means 6 according to a preferred
embodiment of the invention are disposed so that the
difference between the reference frequency and the stator
frequency, determined by the frequency of the alternating



alternating electric current 10, or by decreasing the frequency of this
alternating current 10, so as to increase the skidding of each of the
notors 4a to 4d. In the latter case, assuming that the reference signal 24
retains a constant value, the stator frequency is in danger of decreasing
greatly by departing fromthe reference frequency. If this is the case, the

-organi sati on of braking noves away from opti nmal organi sation and the

efficacy of the braking is in danger of decreasing, which would have a
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It will be noted that the control means 6 and the
electric supply means 8 can also serve to supply the
electric motors 4a to 4d in a mode of propulsion in which
these motors 4a to 4d function as motors by absorbing an
alternating electric current.

A third embodiment of a vehicle 45 equipped with a
braking system of the invention will now be described with
reference to figure 3.

The references already described in the two preceding
embodiments will not be commented on again in detail
herein.

The vehicle 45 according to this third embodiment
differs essentially from the second embodiment in that
only the two wheels 2c¢ and 2d located at the front of the
vehicle are equipped respectively with a mechanical brake
18c and 18d4. These mechanical brakes 18c and 18d are
actuated by means that may be actuated by a driver of the
vehicle 45, these being connected to the mechanical brakes
18c and 18d by a hydraulic circuit l4c.

Once again, a pressure limiter 20c is provided in the
hydraulic circuit 1l4c. In this third embodiment, the set
point unit 26b is formed by a pressure sensor serving to

measure the hydraulic pressure prevailing in the cylinder



provided in this second enbodi nent of the invention consequently very
efficiently fulfils the function which it is required to performin al nost
any driving situation. It will be noted that the control neans 6 and
the electric supply means 8 can also serve.to supply the electric notors 4a
t0 4d in a node of propulsion in which these notors 4a to 4d function as
qmotors by absorbing an alternating electric current. A third enbodi nent
of a vehicle 45 equi pped with a braking system of the invention will now be
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is therefore possible to use only the electric braking in

a first range of the values of the pressure exerted by the
driver of the vehicle 45. To achieve this, the control
means 6 are disposed so that the electric motors 4a to 4d
substantially reach a maximum electric braking couple for
a maximum value of the first above-mentioned range of
values.

In a second range of pressure values greater than the
pressure values of the first range, the electric braking
is supported by the mechanical braking.

It will be noted that it is possible to provide
asynchronous electric motors 4c and 44 that are more
powerful at the front of the vehicle than the asynchronous
electric motors 4a and 4b situated at the rear of this
vehicle 45.

The means serving to measure the rotation frequency
of a wheel corresponding to the speed of the vehicle or
the corresponding rotor frequency are formed in this third
embodiment by an electronic measuring device 36 similar to
that described in the second embodiment. However, as
distinct from the second embodiment, this electronic
measuring device 36 is only connected to two sensors of

the rotation fregquency 34a and 34b, associated



valve 50 is provided in the hydraulic circuit. This discharge valve 50
reduces the pressure in the part of the hydraulic circuit 14c | ocated next
to the mechani cal brakes 18c and 18d relative to this discharge val ve 50.
It is therefore possible to use only theelectric braking in a first range
of the values of the pressure exerted by the driver of the vehicle 45. To
.achieve this, the control neans 6 are disposed so that the electric notors
4a to 4d substantially reach a maxi mum el ectric braking couple for a

maxi mum val ueredpddie feInstwiadior@enenbi ahedlsangead Il lwsated ad itha second
range of pres val yes er than the pressure values of the first
range, the eI%c:ffgggﬁgky%é§$%e3upported by the nechani cal braking. I t
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asynchronousaée?‘g%:ﬁai{g{:)é n%?o%gsggi%%déli% gli%ga gdig%ﬂ?ﬁ% rgga%)ﬁgf Igé"}hittshevehi cle
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frequency are forned in this third enbodi nent an electroni c neasuring
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device 36 si MPRCRIPNNS SESEFIHIPTIN T e SECoAR SRDBETHEM onHdharer | as
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electric notofsfaiapd 4b is exerted on these two wheels 2a and 2b. It is

therefore prudent to place_ the . i
To make the reference signal 24 even more reliable, a

variant of this third embodiment provides for two other
rotation frequency sensors to be placed respectively on
the two front wheels 2c¢ and 2d in similar manner to the
second embodiment described hereinabove.

In another variant of this third embodiment, the
asynchronous electric motors 4c and 4d located at the
front of the vehicle are supplied and controlled
independent of the asynchronous electric motors 4a and 4b
located at the rear of the vehicle. It is therefore
possible to create in the motors 4c and 4d located at the
front of the vehicle an operating organisation different
from that of the motors 4a to 4b situated at the rear of
this vehicle.

In this last variant of the third embodiment, it is
for example possible to dispose control means so that the
motors 4a and 4b located at the rear of the vehicle are
activated, during braking, in a mode of propulsion when
locking of the front wheels 2c¢ and 2d occurs due to
mechanical braking exerted on these latter. It is
therefore possible to obtain a totally anti-locking
braking system with a mechanical braking device on the
front wheels 2¢ and 2d capable of exerting a mechanical

braking couple greater than the maximum electric couple



rotation frequency sensors 34a and 34b on the two wheel s 2a and 2b
respectively. It follows fromthe foregoing that the reference signal 24
supplied to the control neans is reliable and fulfils its function in any
driving situation. To neke the referenge signal 24 even nore reliable,
a variant of this third enbodi nent provides for two other rotation
frequency sensors to be placed respectively on the two front wheels 2c and
2d in simlar manner to the second enbodi ment descri bed herei nabove. I n
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| ocated at the rear _of the vehicle are activated,
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four notors 4a to 4d. Finally, it will be noted that the assenbly
formed by



the four asynchronous electric notors 4a to 4d, the contMﬂT
supply neans 8 and the el ectronic nmeasuring deV| ce 36 co m mﬂ ’L
rotation frequency sensors 34a and 34d may al so be used for thettrm

the vehicle 45. This latter remark also applies to the first two

enbodi nents descri bed herei nabove. CLAI V5 1. Vehicle
(1, 31; 45) having - a wheel (2c, 2d); - an electric notor (4c,
4d) having a stator and a rotor nagnetically coupled to said stator and
rotationaly fi>@diMs sai d wheel ; - control neans (6) disposed to
cause said electric notor to operate in an electric braking node in
response to a set point signal (28); - a nechani cal braking device
(18c, 18d, 14; 14a; IACYethhsiaIedlmﬁﬂh)shéﬁmwheel so that it is capable
of exerting a nechanLca% Qﬁéﬁirfb ga e on this wheel; and - braking
means (16, 22; 26a; 26b) operab s % ‘driver of said vehicle between two

extrenme positions defi nepngededraks rrgottcvlavbélc,on hétas'lblgalal sgateanandt hese
br aki ng nmeans vi.di e c et
Al liigm athieart e Yolpfed tyaleds b AR, eseabvr%":at%hglﬁ

point signal to said control pos rakin
wi thin said braidned teasaidddreslni ning the val ue of sald set point signal

and the value of said megherbrahed=2KigNd 389 Blssd to cadsll-.l saudhicakecherng
characterised in that said electric notor is. of the asgnchronous type,

said stator hafiHP% & ARG &k dithGi &cséré@flg PPBAULE ASRRERERI C
field rotating tat =asetapointreigtency2determi ned by said control neans, said

field, and I that tHisSvBRFERE ar boPhab Rl ceTicosbptty Ridnsife) 1087
' 1l4c) associated with said wheel so that it is capable of

exerting a mechanical braking couple on this wheel; and

- braking means (16, 22; 26a; 26b) operable by a
driver of said vehicle between two extreme positions
defining a braking travel of these braking means, these
braking means providing, when they are actuated by said
driver, said set point signal to said control means, the
position of these braking means within said braking travel
determining the value of said set point signal and the
value of said mechanical braking couple;

this wvehicle being characterised in that said
electric motor (4c) 1is of the asynchronous type, said
stator having a stator winding disposed so as to produce a
magnetic field rotating at a stator frequency determined
by said control means, said rotor rotating at a rotor
frequency in response to said rotating magnetic field, and
in that this vehicle also has electric supply means (8),
disposed so that said electric motor can function as a
generator or as a motor in said braking mode, and
measuring means (36, 34a, 34b, 34c, 344) to produce a
reference signal (24) corresponding to a reference
frequency substantially proportional to the speed of said
vehicle, and in that, when the speed of said vehicle lies
within a range of given values and that said braking means
are actuated within a determined range of said braking

travel, said mechanical braking means are activated and



di sposed so that said electric notor can function as a
notor in said braking node, and neasuring neans (36, 3 g@ﬂmﬁ ﬂjm to
produce a reference signal (24) corresponding to a referenc

substantially proportional to the speed ohgsaid vehicle, and in that, when
the speed of said vehicle lies within a range of given val ues and that said
braki ng nmeans are actuated within a determ ned range of said braking
travel, said nmechanical braking neans are activated and
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22, 26a; 26b) COPEE A et hat kf %nﬁglﬁ% PE%%‘%%%E) 9%?%%%6%?&%@ sai d
set point signaer@@nd desai t;lha;rorﬂau@l raégngn«g@)frequency Vehicle (1; 31;

45) according to O ai;m chatacieri in a d qechanisgal 1
braki ng devi ce has a hyg?géﬁac ci ?cuit (124%)514a 14c)lsrg%d a machajfnl cal
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serving to exert said mechanlcal braking couple, this
latter varying as a function of a braking pressure applied
by said hydraulic circuit to said mechanical brake and
determined by the position of a brake pedal (16)
pertaining to said means actuatable by a driver of salild
vehicle, and in that a pressure limiter (20; 20a; 20c) is
provided in said hydraulic circuit so as to limit said
mechanical braking couple so that this latter remains less
than or equal to a maximum couple capable of being
supplied by said electric motor (4c, 4d).

4. Vehicle (45) according to Claim 3, characterised
in that said set point unit is composed by a pressure
sensor (26b) making it possible to measure the pressure
exerted by said driver on said brake pedal (16), this
pressure sensor supplying said set point signal (28) the
value of which is a function of said pressure exerted by
said driver.

5. Vehicle (45) according to Claim 4, characterised
in that said hydraulic circuit (1l4c) includes a discharge
valve (50) serving to maintain said mechanical braking
couple substantially in a first range of pressure values
of said pressure exerted by said driver, said control

means (6) being disposed so that said electric motor (4c,



exerted by said driver on said brake pedal (16), this p[@ re sensor
L

supplyi ng said set point signal (28) the value of which wgmwmmﬂi)

said pressure exerted by said driver. 5. Vehicle
Claim 4, characterised in that said hydraulic circuit (14c) inclldes a
di scharge val ve (50) serving to maintain <di d mechani cal br aki ng coupl e
substantially in a first range of pressure values of said pressure exerted
by said driver, said control neans (6) being disposed so that said electric

nmot or ( 4c, .substant | al | ttains a i elegtric
br aki ng coupl e $% gur}?eﬁi‘égrr%}r%aa yueaé#géﬁ%(d i?%%l?ﬁlﬁggeﬁewl%.g%gkilgﬁe
(31) accordi ng canQleaifior3a whaimot erdlsed ofnsébat f st reegepoi nt unit is
conposed of a positi ( ' r l2 ( i
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di sposed so thajhiét de6LeespOBAHDELN se4E, pAd)itieaches sahstBpakel bedal
naxinun1e|ectric(§raking couple for a position of said brake pedal
substantial ly at*®me end of said first part. 8. Vehicle (1; 31; 45)
according to Caim 71, veharcaet ¢31lseacdcordirag ,toMEmisaicd \ohiarelce elrased
speed conprised. in | d_gi: e va h |4, b ' ans
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value to vary as a function of sard reference . .
means (6) being disposed so that said electric motor (4c,
44d) reaches substantially a maximum electric braking
couple for a position of said brake pedal substantially at
the end of said first part.

8. Vehicle (1;  31; 45) according to Claim 1,
characterised in that, when said vehicle has a speed
comprised in said given range of values and that said
braking means are actuated within said predetermined range
of said braking travel, the difference between said
reference frequency and said stator frequency is less than
a predetermined maximum value, it being possible for this
maximum value to vary as a function of said reference
frequency.

9. Vehicle (1; 31; 45) according to any one of the
preceding claims, having :

- at least one first wheel (2c) and a second wheel
(2d) ;

- a first asynchronous electric motor (4c) and a
second asynchronous electric motor (4d) associated
respectively with said first and second wheels; this
vehicle being characterised in that said first and second
asynchronous electric motors each comprise a stator
winding having an identical number of poles, these first
and second asynchronous electric motors being connected in

parallel to said electric supply means (8).



frequency. - 9. Vehicle (1; 31; 45) according to any one of the
precedi ng clains, having - at least one first mhééT”(QE)mand"a”seéond
wheel (2d); - a first asynchronous el ectric notor & and a second

asynchronous electric motor (4d) associaled respective Hm mméﬁﬂl[mm
and

and second wheel s; this vehicle being characterised in
second asynchronous electric notors each conprise a staf or mﬁndlng haV|ng
an identical nunber of poles, these first and second asynchronous electric

not ors bei ng connggt egehicpar hLe§1t04§ | dee Ctsupphymnmeams
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el ectric notors, e|n conn c IIeI to said electric supply neans
(8), these | at?%t ™ |ng %.%%ﬁ%% a%?ernatlng electric current (10) the
val ue of which is 34aiedrt@stghm@haaaﬁekﬁﬂQrkﬁnmqkﬁﬁﬁ ségnakb( 2&c.,

11. Vehicle (,?gi) 28 %{& tx%gsg'e%%@y ﬁ*ﬂeﬁagﬁ@revs&dffdha Waedils Gy has

two nechani ca i ._Vehicle (1; 31) _according to
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di sposed t hat™@aeh df) Phéjﬁﬁ%ha%?EE er &%%afiga %ﬁ? ggéé%%§#§%§
respectively wiébcthe &mérrtprrtlowhenlesVezae 3f) wahch tie dlavadkdro wWieel s

value of said set point signal (28).

11. Vehicle (45) according to Claim 10, characterised
in that it only has two mechanical brakes (18c, 18d).

12. Vehicle (1; 31) according to Claim 10,
characterised in that said mechanical braking device also
has two mechanical brakes (18a, 18b) associated
respectively with the two rear wheels (2a, 2b) and in that
this mechanical braking device is so disposed that each of
the mechanical brakes (18a to 18d) associated respectively
with the two front wheels (2c, 2d) and the two rear wheels
(2a, 2b) has a maximum braking couple less than or equal
to a maximum couple capable of being supplied by said
asynchronous electrio motors associated with the front or
rear wheel respectively.

13. Vehicle (45) according to one of Claims 10 to 12,
characterised in that said measuring means are composed of
two rotation frequency sensors (34a, 34b) associated with
the two rear wheels (2a, 2b) and by an electronic
measuring device (36) electrically connected to these two
rotation frequency sensors, this electronic measuring
device supplying said reference signal (24) and being
disposed so that the value of this reference signal
corresponds to the maximum rotor frequency of the
asynchronous electric motors (4a, 4b) associated

respectively with the two rear wheels (2a, 2b).



(2a 2b) has a maxi mum braki ng coupl e | ess than or eqguat—to-a-nmmximm
coupl-e capable of being supplied by said asynchronous electric not or s
associ ated with the front or rear wheel respectivel yH"] eh| cle (45)
according to one of Clainms 10 to 12, chakacterised i "A‘”gﬂ r_| ng
means are conposed of two rotation frequency sensors {34a fi at ed
'with the two rear wheels (2a, 2b) and by an el ectronic neasuring devi ce
"(36) electrically connected to these two rotation frequency sensors, this
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sensors, this electronic neasuring device_suppl sald reférence signal
(24) and bei i@ & sFOSEF HEahel ARnAgtRA ot h ?eﬁéf ef ehEe Lo kmaton
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t wo reaE whe &9 y%ng sa% re er nce sign \él (54) anéebelng sposwg

that the value of this reference signal corresponds to the
maximum rotor frequency of the asynchronous electric
motors (4a to 4d) associated respectively with these two

front wheels and two rear wheels.



