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FIG. 2
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FIG. 4
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| right-left Front Split FrReg - right-left Rear Split RrReg
[TE Lim Recharge HVB
21 Lim Recharge VCU = Lim recharge HVE + Aux - buffer

[‘.—?E Power Available to the EnBr for EM RR = Lim Recharge YCU x right-left Rear EnBr Spilit
x Front-Rear EnBr Split - Power Available to EnBr for EM RL = Lim Recharge VCU x
{1-right-left Rear EnBr Split) x Front - Rear EnBr Spilit

torgue Available to the EnBrfor EMRR

m RR Torque regenerated via engine brake = MIN
{Overbraking_TgtTg x Front-Rear EnBr Split x right-left
Rear EnbBr Split, torqgue Availlable to EnBr for EMRR)

EE Power regenerated via engine brake for EM RR

engine brake) x right-left Front EnBr Split
Power Available to EnBr for EM FL =(Lim Recharge VCU - Rear Power
regenerated via engine brake) x {1-right-left Front EnBr Split

[g} Torque available to EnBr for EMFR

FR Torque regenerated via engine brake = MAX (Overbiraking_TgtTg x {1-Front-Rear
EnBr Split) x right-left Front EnBr Split, Torgue Available to EnBr for EM FR)

Eﬁ} Power regenerated via engine brake for EM FR

[1_1} Power Available to RegBr for EM FR = {Lim Recharge VCU - Power regenerated via
engine brake ) x right-left F Braking Split) x front/rear Braking Split
Power Available to RegBr for EM FL = {Lim Recharge VCU - Power regenerated via
engine brake ) x {(1-right-left F Braking Split}) x front/rear Braking Split

Torque Available to RegBr for EM FR

{12 bis] Maximum Reg Torque Front axie

[13] Maximum RegBr Torque for Front = MIN (Torgue Available to RegBr for EM Front,
Maximum Reg Torque Front axle - Front Torque regenerated via engine brake)

{‘3_43 Power Available to RegBr for EM RR = (Lim EM F VCU - Power implemented EM F -
Power regenerated via engine brake) x right-left R Braking Split - Power Available
to RegBr for EM RL = (Lim Recharge VCU - Power implemented EM F - Power
regenerated via engine brake EM F) x {1-right-left R Braking Split)

{151 Torque available to RegBr for EM RR

{15 bis| Maximum Reg Torgue Rear axle

Maximum Reg Torque Rear axle - Rear Torque regenerated via engine brake)}

[17] 4 Electric Torgues requested by IPB and that will be implemented

FIG. 5
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MOTOR VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims priority from Italian
patent application no. 102022000012946 filed on Jun. 20,
2022, the entire disclosure of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The invention relates to a motor vehicle and to a
method to control a plurality of electric machines of the
motor vehicle.

[0003] More in detail, the invention relates to a motor
vehicle with a drive system provided with at least two
electric motors exclusively powered by an electric battery
and lacking heat engines.

BACKGROUND

[0004] Said drive system is commonly known as Battery
Electric Vehicle (BEV).
[0005] Motor vehicles are known, which comprise:

[0006] a plurality of electric machines associated with
respective wheels;

[0007] a high-voltage battery electrically connected to
the electric machines;

[0008] a brake pedal, which can be operated by a driver
in order to generate a braking torque acting upon the
wheels; and

[0009] an accelerator pedal, which can be operated by
the driver in order to increase a torque acting upon the
wheels.

[0010] Known motor vehicles further comprise:

[0011] a control unit, which is operatively connected to
the accelerator pedal and to the electric machines;

[0012] a hydraulic braking system, which can be oper-
ated in order to generate hydraulic braking torques
acting upon the wheels and is operatively connected to
the brake pedal; and

[0013] a brake control unit of the “brake by wire” kind,
which is designed to control the braking system and is
operatively connected to the control unit and the brak-
ing system.

[0014] The electric machines are, in a known manner,
reversible, which means that they can operate both as
electric motors and as electric generators.

[0015] When the accelerator pedal is operated, the electric
machines operate as electric motors, namely they are elec-
trically powered by the battery and generate respective
torques acting upon the wheels.

[0016] When they operate as electric generators, the elec-
tric machines convert a share of the kinetic energy of the
motor vehicle into an electric current that becomes available
to the battery.

[0017] Said electric current charges the high-voltage elec-
tric battery or powers high-voltage auxiliary loads, carrying
out what is commonly known in the industry as “regenera-
tive braking”.

[0018] When the brake pedal is operated, the brake control
unit establishes a braking torque value to be exerted upon the
wheels.

[0019] In particular, the brake control unit operates the
braking system so as to exert a first share of the braking
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torque and the control unit operates the electric machines as
electric generators, so as to generate a remaining second
share of the braking torque.

[0020] When the accelerator pedal is released, the control
unit processes the entire braking torque value. In other
words, the first share is zero and the second share corre-
sponds to the entire braking torque.

[0021] Said braking torque value is not necessary to meet
a driver’s request, but simulates the braking torque normally
generated for the wheels of a motor vehicle provided with a
heat engine following the release of the accelerator pedal
and the drag of the heat engine.

[0022] In other words, said braking torque is generated
with the aim of providing the driver with a driving sensation
that is similar to the one that he/she would have with a
traditional motor vehicle provided with a heat engine.
[0023] The electrical power that can still be stored in the
battery constitutes a limit exceeding the value of the braking
torque generated by means of the electric machines operated
as electric generators.

[0024] For this reason, in known solutions, the braking
system, for safety reasons, is sized so that it can deliver all
the braking torque normally requested by the driver during
the normal operation of the motor vehicle.

[0025] In order words, the braking system is sized as if
there were no possibility or a substantially very small
possibility of “regenerative braking”.

[0026] In the industry there is a strong need to increase, as
much as possible, the second share of braking torque gen-
erated by means of the electric machines in each operating
condition of the motor vehicle.

[0027] This, first of all, with the purpose of increasing, as
much as possible, the charging of the battery obtained
through “regenerative braking” and the consequent range of
the motor vehicle with no need to charge the battery with
power sources that are external to the motor vehicle, such as
for example charging outlets.

[0028] Secondly, the increase in the second share of brak-
ing torque determines a corresponding decrease in the first
share of braking torque requested to the traditional braking
system, given the same request of the driver, thus allowing
for a decrease in the maximum quantity of heat energy to be
dissipated by the braking system and in the wear phenomena
affecting the braking system itself, with evident advantages
in terms of reduction of spaces, weights and maintenance
costs.

[0029] Furthermore, the second share of braking torque
has to be increased respecting given parameters of distribu-
tion of said braking torque between a front axle formed by
the front wheels and a rear axle formed by the rear wheels
and between the two left/right wheels of the same front/rear
axle.

[0030] Finally, there is the need to respect the regeneration
limits of the high-voltage battery and of the single electric
machines, even in the most critical dynamic manoeuvres.

SUMMARY

[0031] The object of the invention is to provide a motor
vehicle, which is capable of fulfilling at least one of the
needs discussed above.

[0032] The aforesaid object is reached by the invention, as
it relates to a motor vehicle as defined in claim 1.



US 2023/0406111 Al

[0033] Furthermore, the invention relates to a method to
control a plurality of electric machines of the motor vehicle
as set forth in claim 11.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The invention will be best understood upon perusal
of the following detailed description of a preferred embodi-
ment, which is provided by way of non-limiting example,
with reference to the accompanying drawings, wherein:
[0035] FIG. 1 is a perspective view of a motor vehicle
according to the invention;

[0036] FIG. 2 is a top view of the motor vehicle of FIG.
1 with parts removed for greater clarity;

[0037] FIGS. 3 and 4 schematically show further compo-
nents of the motor vehicle of FIGS. 1 and 2 and the
respective operating steps;

[0038] FIG. 5 explains the numbers used for the operating
steps in FIG. 4; and

[0039] FIG. 6 shows an adjustment diagram used in the
operating steps of FIGS. 3 and 4.

DESCRIPTION OF EMBODIMENTS

[0040] With reference to the accompanying Figures, num-
ber 1 indicates a motor vehicle, in particular an electric
motor vehicle, which, therefore, lacks heat engines.

[0041] Hereinafter, expressions such as “at the top”, “at
the bottom”, “at the front”, “at the back” and others similar
to them are used with reference to normal forward moving
conditions of the motor vehicle 1.

[0042] Furthermore, it is possible to define:

[0043] a longitudinal axis X integral to the motor
vehicle 1, which, in use, is horizontal and parallel to a
normal forward moving direction of the motor vehicle
1

[0044] a transverse axis X integral to the vehicle 1,
which, in use, is horizontal and orthogonal to the axis
X; and

[0045] an axis Z integral to the vehicle 1, which, in use,
is vertical and orthogonal to the axes X, Y.

[0046] More in detail, the motor vehicle 1 comprises:

[0047] a pair of front wheels 2, 3, a left one and a right
one, respectively, forming a front axle 11;

[0048] a pair of rear wheels 4, 5, a left one and a right
one, respectively, forming a rear axle 12;

[0049] a brake pedal 7, which can be operated by the
driver in order to exert a braking torque upon at least
some of the wheels 2, 3, 4, 5; and

[0050] an accelerator pedal 8, which can be operated by
the driver in order to exert a torque upon at least some
of the wheels 2, 3, 4, 5.

[0051] The motor vehicle 1 further comprises:

[0052] a pair of electric machines FL, FR operatively
connected to respective wheels 2, 3; and

[0053] a pair of electric machines RL, RR operatively
connected to the wheels 4, 5;

[0054] a power source, for example a high-voltage
battery 6, electrically connected to the electric
machines RL, RR, FL, FR and to auxiliary systems of
the motor vehicle 1; and

[0055] a control unit VCU operatively connected to the
battery 6, to the pedals 7, 8 and to the electric machines
RL, RR, FL, FR.
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[0056] The motor vehicle 1 further comprises:

[0057] a “brake by wire” brake control unit IPB opera-
tively connected to the pedals 7, 8 and to the control
unit VCU; and

[0058] a braking system 10 (only schematically shown
in FIG. 2) operatively connected to the brake control
unit IPB and capable of being controlled by the brake
control unit IPB so as to generate hydraulic braking
torques acting upon the wheels 2, 3, 4, 5.

[0059] The brake control unit IPB causes the braking
system 10 to generate the hydraulic braking torque follow-
ing the activation of the pedal 7 or when the pedal 7 is
deactivated in order to ensure a certain level of stability of
the vehicle 1.

[0060] The braking system 10 generates the hydraulic
braking torque through heat dissipation via friction by
means of pads and respective discs carried by the wheels 2,
3,4,5.

[0061] The electric machines RL, RR, FL,, FR are revers-
ible and can be operated as:

[0062] electric motors capable of absorbing power from
the battery 6 and of generating a torque acting upon the
wheels 2, 3, 4, 5, in case of activation of the pedal 8;

[0063] electric generators capable of converting the
kinetic energy of the wheels 2, 3, 4, 5 into an electric
current that becomes available to the battery 6, in case
of activation of the pedal 7.

[0064] When they are used as electric generators, the
electric machines RL, RR, FL, FR generate the electric
braking torque acting upon the respective wheels 4, 5, 2, 3.
[0065] More in particular, the control unit VCU is pro-
grammed to have the electric machines RL, RR, FL, FR
operated as electric generators actuate:

[0066] a first, second, third, and fourth torque associ-
ated with respective first shares of the electric braking
torque acting upon the respective wheels 4, 5, 2, 3, in
case of release of the pedal 8 by the driver, so as to give
the driver the simulated feeling of an “engine brake”
that is typical of a motor vehicle with a heat engine
following the release of the accelerator pedal; and

[0067] a fifth, sixth, seventh and eighth torque associ-
ated with respective second shares of the electric brak-
ing torque acting upon the respective wheels 2, 3, 4, 5,
in case of activation of the pedal 7 by the driver.

[0068] Hereinafter, the condition of generation of the first,
second, third and fourth torque by means of the electric
machines RL, RR, FL, FR, in order to provide the driver
with the simulated feeling of an “engine brake”, is indicated,
for the sake of brevity, as “regenerative engine brake simu-
lation”.

[0069] The condition of generation of the fifth, sixth,
seventh and eighth torque by means of the electric machines
RL, RR, FL, FR, in order to at least partly carry out the
command imparted to the pedal 7, is indicated, for the sake
of brevity, as “regenerative braking”.

[0070] The control unit VCU is advantageously pro-
grammed, in case of release of the pedal 8, to:

[0071] process values of a first, second, third and fourth
electrical power available for the regenerative engine
brake simulation Power available to EnBr for EM RL;
Power available to EnBr for EM RR; Power available
to EnBr for EM FL; Power available to EnBr for EM
FR for respective electric machines RL, RR, FL, FR
based on an amount of electrical power still storable
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Lim Recharge VCU in the battery 6 and on first
operating parameters right-left Rear EnBr Split, right-
left Rear EnBr Split;

[0072] communicate the first, second, third and fourth
electrical power available for the regenerative simula-
tion Power available to EnBr for EM RL; Power
available to EnBr for EM RR; Power available to EnBr
for EM FL; Power available to EnBr for EM FR to the
respective electric machines RL, RR, FL., FR and
receive from said first, second, third and fourth electric
machines RL, RR, FL,, FR respective values of a first,
second, third and fourth available torque Torque Avail-
able to EnBr for EM RL; Torque Available to EnBr for
EM RR; Torque Available to EnBr for EM FL; Torque
Available to EnBr for EM FR for the regenerative
engine brake simulation associated with second param-
eters of the respective electric machines RL, RR, FL,
FR themselves;

[0073] process a first, second, third and fourth torque to
be implemented RL Torque regenerated via engine
brake; RR Torque regenerated via engine brake; FL.
Torque regenerated via engine brake; FR Torque regen-
erated via engine brake for the respective said first,
second, third and fourth electric machine RL, RR, FL,
FR;

[0074] each first, second, third and fourth torque to be
implemented RL Torque regenerated via engine brake;
RR Torque regenerated via engine brake; FL. Torque
regenerated via engine brake; FR Torque regenerated
via engine brake for the respective first, second, third
and fourth electric machine RL, RR, FL, FR being
associated with the corresponding available values of a
first, second, third and fourth torque Torque Available
to EnBr for EM RL; Torque Available to EnBr for EM
RR; Torque Available to EnBr for EM FL; Torque
Available to EnBr for EM FR for the regenerative
engine brake simulation.

[0075] It should be pointed out that the control unit VCU
processes the values of the first, second, third and fourth
torque to be implemented by means of the respective electric
machines RL, RR, FL, FR autonomously from the brake
control unit IPB, in case of regenerative engine brake
simulation.

[0076] As discussed more in detail below, the control unit
VCU is programmed to process the values of the fifth, sixth,
seventh and eighth torque to be regenerated for the regen-
erative braking by means of the respective electric machines
RL, RR, FL, FR also based on the electrical power regen-
erated by the electric machines RL, RR, FL, FR for the
regenerative engine brake simulation.

[0077] The control unit VCU is programmed to receive
from the brake control unit IPB:

[0078] a parameter Front-Rear Engine Brake Split and
left-right Engine Brake Split;

[0079] a parameter Front-Rear Braking Split, left-right
F Braking Split and left-right R Braking Split.

[0080] The parameters Front-Rear Engine Brake Split and
left-right Engine Brake Split depend, in a non-limiting
manner, on the following sub-parameters:

[0081] yaw momentum around the axis Z desired on the
motor vehicle 1;

[0082] driving style of the motor vehicle 1,

[0083] vertical load parallel to the axis Z and acting
upon each wheel 2, 3, 4, 5; and
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[0084] maximum braking torque acting upon the wheels
2, 3, 4, 5, which does not affect the stability of the
motor vehicle 1.
[0085] The parameters Front-Rear Braking Split, left-right
F Braking Split and left-right R Braking Split depend, in a
non-limiting manner, on the following sub-parameters:
[0086] asphalt grip conditions;
[0087] wvertical load parallel to the axis Z and acting
upon each wheel 2, 3, 4, 5;
[0088] acceleration requested by the driver parallel to
the axis Y; and
[0089] possible limitation to the longitudinal accelera-
tion value on the axis Y.
[0090] The parameters Front-Rear Braking Split and left-
right Braking Split are updated in a dynamic manner over
time, as the operating conditions on which they depend
change.
[0091] The control unit VCU further has, in its memory
(FIG. 6), a table associating the value of a parameter
Overbraking_TgtTq corresponding to a target braking
torque value for the regenerative engine brake simulation
with a value of the forward speed of the motor vehicle 1.
[0092] Furthermore, the control unit VCU receives, in real
time, the value of the electrical power currently regenerated
by the electric machines RL, RR, FL, FR.
[0093] The brake control unit IPB has, in its memory, the
parameters left-right Front RegBr Split and left-right Rear
RegBr Split, which dynamically depend, over time, on the
operating parameters of the motor vehicle 1.
[0094] More in detail and with reference to FIG. 3, the
control unit VCU receives from the pedal 8 a signal corre-
sponding to the fact that the pedal 8 was deactivated.
[0095] The control unit VCU further receives, as an input,
the value Lim Recharge HVB corresponding to the maxi-
mum value of the electrical power that can be stored in the
battery 6 (step 1).
[0096] The control unit VCU is programmed (step 2) to
process the value Lim Recharge VCU corresponding to the
maximum electrical power that can be regenerated accord-
ing to formula (1):

Lim Recharge HVB+Aux-buffer (1),
[0097] wherein:
[0098] Lim Recharge HVB is the maximum electri-

cal power that can be stored in the battery 6;

[0099] Aux is the electrical power absorbed by the
auxiliary systems in absolute value; and

[0100]

[0101] The control unit VCU is programmed (step 3) to
process the values of the first and of the second electrical
power Power available to EnBr for EM RL; Power available
to EnBr for EM RR available for the regenerative engine
brake simulation for the electric machines RL, RR based on
the following formulas (2), (3):

Buffer is a safety value having a positive sign.

Electrical Power Available for the regenerative
Engine Brake simulation for electric machine
RIL=Lim Recharge VCU*(1-Right-left Rear
EnBr Split)*Front-Rear EnBr Split 2).

Electrical Power Available for the regenerative
Engine Brake simulation for electric machine
RR=Lim Recharge VCU*Right-left Rear EnBr
Split*Front-Rear EnBr Split. 3)
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[0102] The control unit VCU is programmed to:

[0103] communicate to each electric machine RL, RR
the respective values of the first and second electrical
power available for the regenerative engine brake simu-
lation calculated in step (3); and

[0104] receive from each electric machine RL, RR the
respective values of the first and second torque avail-
able for the regenerative engine brake simulation (step
4), processed based on the aforesaid second parameters.

[0105] Said second parameters correspond, in the specific
case shown herein, to the angular speed of the electric
machines RL, RR and to the respective efficiencies of
conversion of the first and second electrical power commu-
nicated by the control unit VCU into mechanical power
available to the wheels 4, 5.

[0106] It should be pointed out that the values of the first
and second torque available for the regenerative engine
brake simulation (step 4) are processed by the respective
electric machines RR, RL for they comprise respective
angular speed sensors and have, in their memory, respective
values of the conversion efficiencies.

[0107] The control unit is further programmed to process
(step the value of the first and second torque regenerated for
the regenerative engine brake simulation by the electric
machines RL, RR according to formulas (4), (5):

First torque regenerated for the regenerative engine
brake simulation by the electric machine
RL=MIN (Overbraking_TgtTq*Front-Rear EnBr
Split*(1-Right-left Rear EnBr Split); First
torque Available for the regenerative engine
brake simulation for the electric machine RL (4).

Second torque regenerated for the regenerative
engine brake simulation by the electric machine
RR=MIN (Overbraking TgtTq*Front-Rear EnBr
Split*Right-left Rear EnBr Split); First torque
Available for the regenerative engine brake

simulation for the electric machine RL (5).
[0108] In formulas (4) and (5), all values are indicated in
absolute value.
[0109] In other words, the control unit VCU is pro-

grammed to process, as first and second torque to be
regenerated by means of the electric machines RL, RR, the
first and second torque available for the electric machines
RL, RR, in case they are lower than the target values stored
in the control unit VCU for the current value of the forward
speed of the motor vehicle 1 and are split among the wheels
2, 3, 4, 5 based on the coefficients Front-Rear EnBr Split*
(1-Right-left Rear EnBr Split).

[0110] The control unit VCU is further programmed to
communicate the aforesaid values of the first and second
torque regenerated for the regenerative engine brake simu-
lation by the electric machines R, RR to the electric
machines RL, RR themselves.

[0111] The electric machines RL, RR are programmed
(step 6) to calculate and communicate to the control unit
VCU the values of the first and second electrical power
regenerated for the regenerative engine brake simulation
based on the aforesaid values of the torque regenerated for
the regenerative engine brake simulation by the electric
machines RL, RR, on the angular speeds of the electric
machines RL, RR and on the conversion efficiencies of the
electric machines RL, RR.

[0112] The control unit VCU is further programmed to
process the values of the third and fourth power available for
the regenerative engine brake simulation for the electric
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machines FR, FL based on the sum of the values of the first
and second electrical power regenerated for the regenerative
engine brake simulation for the electric machines RR, RL.
calculated in step 6 (step 7).

[0113] In the specific case shown herein, the control unit
VCU is programmed to process the values of the third and
fourth power available for the regenerative engine brake
simulation for the electric machines FR, FL. by means of the
following formulas:

third electrical power available for the regenerative
engine brake simulation for the electric machine
FR=(Lim Recharge VCU-Sum of the first and
second electrical power regenerated by the
machines RR, RL for the regenerative engine

brake simulation)*Right-left Front EnBr Split) (6); and

fourth electrical power available for the regenerative
engine brake simulation for the electric machine
FL=(Lim Recharge VCU-Sum of the first and
second electrical Power regenerated by the
machines RR, RL for the regenerative engine
brake simulation)*(1-Right-left Front EnBr

Split)) .

[0114]

[0115] communicate to each electric machine FR, FL
the respective values of the third and fourth electrical
power available for the regenerative engine brake simu-
lation calculated in step (7); and

[0116] receive from each electric machine FR, FL the
respective values of the third and fourth torque avail-
able for the regenerative engine brake simulation (step
8), processed based on the angular speeds of the electric
machines FR, FLL and on the respective conversion
efficiencies.

[0117] The control unit is further programmed to process
(step 9) the value of the third and fourth torque regenerated
for the regenerative engine brake simulation by the electric
machines FR, FL according to the formulas:

The control unit VCU is further programmed to:

Third torque regenerated for the regenerative engine
brake simulation by the electric machine
FR=MIN(Overbraking TgtTqx(1-Front-Rear
EnBr Split)*Right-left Front EnBr Split, Third
Torque Available for the regenerative engine
brake simulation for the electric machine FR) (10);

Fourth torque regenerated for the regenerative
engine brake simulation by the electric machine
FL=MIN(Overbraking TgtTq*Front-Rear EnBr
Split*(1-Right-left Rear EnBr Split); Fourth
Torque Available for the regenerative engine
brake simulation for the electric machine RL); (11).

[0118] The electric machines FL, FR are programmed
(step 10) to calculate and communicate to the control unit
VCU the values of the third and fourth electrical power
regenerated for the regenerative engine brake simulation
based on the aforesaid values of the third and fourth torque
regenerated for the regenerative engine brake simulation by
the electric machines FR, FL. and on the second parameters,
in the specific case shown herein the angular speeds and the
conversion efficiencies of the electric machines FR, FL.

[0119] The aforesaid first, second, third and fourth torque
regenerated for the regenerative engine brake simulation by
the electric machine RL,, RR, FL, FR correspond to the first,
second, third and fourth torque to be implemented for the
regenerative engine brake simulation, respectively.
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[0120] It should be pointed out that steps (7)-(10) are
carried out simultaneously with steps (3)-(6).

[0121] The control unit VCU is further programmed to
process the values of the fifth, sixth, seventh and eighth
power available for the regenerative braking for the electric
machines RL, RR, FL, FR.

[0122] More in particular, the control unit VCU is pro-
grammed to process the values of the fifth and of the sixth
power available for the regenerative braking for the electric
machines FL, FR based on the following formulas (step 11):

Sixth power available for the Regenerative Braking
for the electric machine FR=(Lim Recharge
VCU-Sum of the first, second, third and fourth
power regenerated for the regenerative engine
brake simulation)*right-left Braking Split)
*front/rear Braking Split (12); and

Fifth power available for the Regenerative Braking
for the electric machine FL=(Lim Recharge
VCU-Sum of the first, second, third and fourth
power regenerated for the regenerative engine
brake simulation)*(1-right-left 7 Braking Split)
*front/rear Braking Split (13).

[0123] The control unit VCU is further programmed to:
[0124] communicate to the electric machines FL, FR
respective values of the fifth and sixth power available
for the Regenerative Braking; and
[0125] receive from the electric machines FL, FR
respective values of the fifth and sixth torque available
for the regenerative braking (step 12).
[0126] Furthermore, the electric machines FR, FL. com-
municate to the control unit VCU the value of the respective
available maximum torques and the control unit VCU is
programmed to process the maximum torque for the regen-
erative braking for the front axle 11 (step 12bis), according
to the formula:

Maximum torque available for the regenerative brak-
ing for the front axle 11=(Lim recharge VCU/
conversion efficiency of the electric machine
FR/angular speed of the electric machine FR)+
(Lim recharge VCUj/conversion efficiency of the
electric machine FZ/angular speed of the elec-
tric machine FL) (14).

[0127] The control unit VCU is programmed to process a
sum of the fifth and of the sixth torque available for the
regenerative braking for the electric machines FL, FR.
[0128] The control unit VCU is programmed to calculate
and communicate to the brake control unit IPB the maxi-
mum value of the torque available for the regenerative
braking for the front axle 11 (step 13).

[0129] In particular, said maximum value of the torque
available for the regenerative braking for the front axle 11 is
calculated with the formula:

Maximum value of the torque available for the
Regenerative Braking for the front axle
11=MIN(Sum of the fifth and of the sixth
torque available for the regenerative braking for
the electric machines FL, FR; Maximum torque
available for the regenerative braking for the
front axle 11-Sum of the third and of the fourth
torque available for the regenerative engine
brake simulation for the electric machines FL,
FR).

[0130] The control unit VCU is further programmed to
process the values of the seventh and eighth power available
for the regenerative braking for the electric machines RL,
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RR, based on the following formulas (15) and (16), wherein
the values in brackets have to be considered in absolute
value (step 14);
Eighth power Available for the Regenerative Braking

for the electric machine RR=(Lim Recharge

VCU-power value currently regenerated by

means of the electric machines FL, FR-Sum of

the first and second power regenerated for the

regenerative engine brake simulation)*right-left

Rear Braking Split* (15); and

Seventh power available for the Regenerative Brak-
ing for the electric machine RZL=(Lim Recharge
VCU-power value currently regenerated by
means of the electric machines FL, FR-Sum of
the first and second power regenerated for the
regenerative engine brake simulation)*(1-right-
left R Braking Split) (16).

[0131] The control unit VCU is further programmed to:
[0132] communicate to the electric machines RL, RR
respective values of the seventh and eighth power
available for the Regenerative Braking; and
[0133] receive from the electric machines RL, RR
respective values of the seventh and eighth torque
available for the regenerative braking (step 15).
[0134] The electric machines RL, RR further communi-
cate the value of the maximum torque available for the
regenerative braking for the rear axle 12 (step 15bis).
[0135] The control unit VCU is programmed to process a
sum of the seventh and eighth torque available for the
regenerative braking for the electric machines RL, RR.
[0136] In particular, said maximum value of the torque
available for the regenerative braking for the rear axle 12 is
calculated by the control unit VCU with the formula:

Maximum torque available for the regenerative brak-
ing for the rear axle 12=(Lim recharge VCU/
conversion efficiency of the electric machine
RR/angular speed of the electric machine RR)+
(Lim recharge VCU/conversion efficiency of the
electric machine RL/angular speed of the elec-
tric machine RL) (17).

[0137] The control unit VCU is further programmed to
calculate and communicate to the brake control unit IPB the
maximum value of the torque available for the regenerative
braking for the rear axle 12 (step 16).
Maximum value of the torque available for the

Regenerative Braking for the rear axle 12=MIN

(Torque available for the regenerative braking

on the rear axle 12; Maximum torque available

for the regenerative braking for the rear axle

12-Sum of the first and second torque regener-

ated on the rear axle 12 for the regenerative

engine brake simulation) (18).

[0138]
process:
[0139] the values of the fifth and sixth torque regener-
ated for the regenerative braking for the electric
machines FL, FR, based on the maximum value of the
torque available for the Regenerative Braking for the
front axle 11 calculated in step 13) and on a third
parameter corresponding to the right-left Front Split
coeflicient; and
[0140] the values of the seventh and eighth torque
regenerated for the regenerative braking for the electric
machines RR, RL, based on the maximum value of the
torque available for the Regenerative Braking for the

The brake control unit IBP is programmed to
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rear axle 12 calculated in step 16) and on a fourth
parameter corresponding to a right-left Rear Split coef-
ficient; and

[0141] communicate said values of the fifth, sixth, sev-
enth and eighth regenerated torque to the control unit
VCU.

[0142] The control unit VCU is programmed to cause:

[0143] the electric machine RL to implement a first
electric torque corresponding to the sum of the first
torque to be implemented for the regenerative engine
brake simulation and of the fifth regenerated torque and
to exert a corresponding braking torque upon the wheel
4;

[0144] the electric machine RR to implement a second
electric torque corresponding to the sum of the second
torque to be implemented for the regenerative engine
brake simulation and of the sixth regenerated torque
and to exert a corresponding braking torque upon the
wheel 5;

[0145] the electric machine FR to implement a third
electric torque corresponding to the sum of the third
torque to be implemented for the regenerative simula-
tion and of the seventh regenerated torque and to exert
a corresponding braking torque upon the wheel 2; and

[0146] the electric machine RR to implement a fourth
electric torque corresponding to the sum of the fourth
torque to be implemented for the regenerative simula-
tion and of the eighth regenerated torque and to exert a
corresponding braking torque upon the wheel 3.

[0147] The sum of the first, second, third, fourth, fifth,
sixth, seventh, eighth electric torque corresponds to the
electric braking torque.

[0148] The brake control unit IPB is programmed to cause
the braking system 10 to generate a braking torque corre-
sponding to the difference between the braking torque
requested by the driver by means of the pedal 7 and the sum
of the fifth, sixth, seventh and eight torque regenerated for
the regenerative braking requested by the brake control unit
IPB.

[0149] In other words, the brake control unit IPB makes up
for the amount of braking torque requested by the driver
which cannot be obtained through regenerative braking.
[0150] The operation of the motor vehicle 1 is described
hereinafter starting from an operating condition in which the
driver activates the pedal 8 in order to request desired torque
values to be delivered to wheels 2, 3, 4, 5.

[0151] In this condition, the battery 6 electrically powers
the electric machines RL, RR, FL, FR, which generate
respective torques acting upon the corresponding wheels 4,
52, 3.

[0152] In case the driver releases the pedal 8, the elec-
tronic control unit VCU carries out steps 1-10) described
above.

[0153] At the end of the aforesaid steps 1-10), the control
unit VCU has processed the values of the first, second, third
and fourth torque regenerated for the engine brake simula-
tion of the respective electric machines RL, RR, FL, FR.
[0154] In case the driver also activates the pedal 7, the
control unit VCU carries out steps 11-17) described above
and the brake control unit IPB communicates to the control
unit VCU values of the fifth, sixth, seventh and eighth torque
regenerated for the regenerative braking for the respective
electric machines RL, RR, FL, FR.

[0155] At the point, the control unit VCU causes:
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[0156] the electric machine RL to implement a first
electric torque corresponding to the sum of the first
torque to be implemented for the regenerative engine
brake simulation and of the fifth regenerated torque and
to exert a corresponding braking torque upon the wheel
4;

[0157] the electric machine RR to implement a second
electric torque corresponding to the sum of the second
torque to be implemented for the regenerative engine
brake simulation and of the sixth regenerated torque
and to exert a corresponding braking torque upon the
wheel 5;

[0158] the electric machine FR to implement a third
electric torque corresponding to the sum of the third
torque to be implemented for the regenerative simula-
tion and of the seventh regenerated torque and to exert
a corresponding braking torque upon the wheel 2; and

[0159] the electric machine RR to implement a fourth
electric torque corresponding to the sum of the fourth
torque to be implemented for the regenerative simula-
tion and of the eighth regenerated torque and to exert a
corresponding braking torque upon the wheel 3.

[0160] The sum of the first, second, third, fourth, fifth,
sixth, seventh, eighth electric torque corresponds to the
electric braking torque.

[0161] Finally, the brake control unit IPB causes the
braking system 10 to generate a braking torque correspond-
ing to the difference between the braking torque requested
by the driver by means of the pedal 7 and the sum of the fifth,
sixth, seventh and eight torque regenerated for the regen-
erative braking requested by the brake control unit IPB.
[0162] The disclosure above reveals evident advantages
that can be obtained with the invention.

[0163] More in detail, the control unit VCU is pro-
grammed, in case of release of the pedal 8, to:

[0164] process values of the first, second, third and
fourth electrical power available for the regenerative
engine brake simulation Power available to EnBr for
EM RL; Power available to EnBr for EM RR; Power
available to EnBr for EM FL; Power available to EnBr
for EM FR for respective electric machines RL, RR,
FL, FR based on an amount of electrical power still
storable Lim Recharge VCU in the battery 6 and on first
operating parameters Right-left Rear EnBr Split, Right-
left Rear EnBr Split;

[0165] communicate the first, second, third and fourth
electrical power available for the regenerative simula-
tion Power available to EnBr for EM RL; Power
available to EnBr for EM RR; Power available to EnBr
for EM FL; Power available to EnBr for EM FR to the
respective electric machines RL, RR, FL, FR and
receive from said first, second, third and fourth electric
machines RL, RR, FL,, FR respective values of a first,
second, third and fourth available torque Torque Avail-
able to EnBr for EM RL; Torque Available to EnBr for
EM RR; Torque Available to EnBr for EM FL; Torque
Available to EnBr for EM FR for the regenerative
engine brake simulation associated with second param-
eters of the respective electric machines RL, RR, FL,
FR themselves; and

[0166] process a first, second, third and fourth torque to
be implemented RL Torque regenerated via engine
brake; RR Torque regenerated via engine brake; FL.
Torque regenerated via engine brake; FR Torque regen-
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erated via engine brake for the respective said first,

second, third and fourth electric machine RL, RR, FL,

FR.
[0167] In this way, in case of regenerative engine brake
simulation following the release of the pedal 8, the first,
second, third and fourth torque to be implemented RL
Torque regenerated via engine brake; RR Torque regener-
ated via engine brake; FL. Torque regenerated via engine
brake; FR Torque regenerated via engine brake are pro-
cessed based on the actual amount of electrical power Lim
Recharge VCU still storable in the battery 6, based on
desired dynamic features for the split of the power to the
wheels 4, 5, 2, 3 represented by the coefficients Right-left
Rear EnBr Split, Right-left Rear EnBr Split and based on the
conversion efficiency and the number of revolutions of the
electric machines RL, RR, FL, FR.
[0168] Thanks to this, the quantity of electrical power
regenerated in the battery 6 and, consequently, the values of
the first, second, third and fourth implemented electrical
torque can be maximized, respecting the limits of the battery
6 and of the electric machines RL, RR, FL, FR, in case of
the regenerative simulation of the engine brake effect fol-
lowing the release of the pedal 8.
[0169] As a consequence, on the one hand, it is possible to
maximize the amount of electrical power to be made avail-
able to the electric machines RL, RR, FL, FR operated as
electric motors and, on the other hand, it is possible to
reduce the amount of heat to be removed from the braking
system 10 as well as the wear phenomena affecting the
braking system 10.
[0170] Similarly, in case of activation of the brake pedal 7,
the brake control unit processes the fifth, sixth, seventh,
eighth torque to be implemented for the electric machines
RL, RR, FL, FR based on the actual power Lim Recharge
VCU still storable in the battery 6, based on the desired
dynamic features for the split of the power to the wheels 4,
5, 2, 3 represented by front/rear Braking Split, right-left F
Braking Split; right-left R Braking Split and on the power
currently implemented for the regenerative engine brake
simulation.
[0171] Therefore, said values of the fifth, sixth, seventh,
eighth torque implemented for the electric machines RL,
RR, FL, FR in case of activation of the brake pedal 7 are also
processed respecting the electrical power still storable in the
battery 6 and the features of the electric machines RL, RR,
FL, FR as well as the desired dynamic features of the motor
vehicle 1, in case of activation of the pedal 7.
[0172] This further helps maximize the amount of electri-
cal power that will be available to the electric machines RL,
RR, FL, FR operated as electric motors.
[0173] This leads to a reduction of the braking torques
and, hence, of the quantity of heat that has to be dissipated
by the braking system 10 and of the wear effects affecting the
braking system 10, even in case of activation of the pedal 7.
[0174] Finally, the control unit VCU is programmed to
process the third and fourth value of the electrical power
available for the regenerative engine brake simulation Power
available to EnBr for EM FL; Power available to EnBr for
EM FR for the electric machines FL, FR acting upon the axle
11, based on the electrical power regenerated on the axle 12
for the regenerative engine brake simulation.
[0175] In other words, in case of release of the pedal 8, the
control unit VCU processes the first and second value of the
electrical power available for the regenerative engine brake
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simulation Power available to EnBr for EM RL; Power
available to EnBr for EM RR for the electric machines FL,
FR operating on the axle 12 with priority relative to the
aforesaid third and fourth value of the electrical power
available for the regenerative engine brake simulation Power
available to EnBr for EM FL; Power available to EnBr for
EM FR for the electric machines FL, FR operating on the
axle 11.

[0176] On the contrary, in case of activation of the pedal
7, the control unit VCU is programmed to process the fifth
and sixth value of the electrical power available for the
regenerative braking Power available to RegBr for EM RL;
Power available to RegBr for EM RR for the electric
machines R, RR acting upon the axle 12, based on the
power currently implemented on the axle 11.

[0177] In other words, in case of activation of the pedal 7,
the control unit VCU processes the seventh and eighth value
of'the electrical power available for the regenerative braking
Power available to RegBr for EM FL; Power available to
RegBr for EM FR for the electric machines FL, FR oper-
ating on the axis 11 with priority relative to the aforesaid
fifth and sixth value of the electrical power available for the
regenerative braking Power available to RegBr for EM RL;
Power available to RegBr for EM RR for the electric
machines RL, RR operating on the axis 12.

[0178] Therefore, the aforesaid first, second, third, fourth,
fifth, sixth, seventh and eighth power can be split among the
wheels 4, 5, 2, 3 in a way that is more adherent to the normal
behaviour of motor vehicles in case of release of the pedal
8 or activation of the pedal 7.

[0179] Finally, the motor vehicle 1 and the electric
machine control method according to the invention can
clearly be subjected to changes and variations, which,
though, do not go beyond the scope of protection set forth
in the appended claims.

1. A motor-vehicle (1), comprising:

a first and a second wheel (4, 5) forming a first axle (12)
of said motor-vehicle (1) arranged at the rear in use;

a third and a fourth wheel (2, 3) forming a second axle
(11) of said motor-vehicle (1) arranged at the front in
use;

a first and a second electric machine (RL, RR) reversible
and operatively connected respectively with said first
and second wheels (4, 5);

a third and a fourth electric machine (FL, FR) reversible
and operatively connected respectively with said third
and fourth wheels (2, 3); and

an electrical power source (6) that is rechargeable and
electrically connected with said first, second, third and
fourth electric machines (FL, FR, RL, RR);

each of said first, second, third and fourth electric
machines (RL, RR, FL, FR) being actuatable as an
electric motor to exert respectively a first and second,
third and fourth driving torque respectively on said
first, second, third and fourth wheels (4, 5; 2, 3), and as
an electric generator to use at least a portion of the
kinetic energies of respective said first and second,
third and fourth wheels (4, 5; 2, 3) and to generate an
electrical current that recharges, in use, said source (6);

said motor-vehicle (1) further comprising:

a first accelerator command (7) actuatable by a driver to
request an acceleration of said motor-vehicle (1);

a second brake command (8) actuatable by a driver to
request a deceleration of said motor-vehicle (1);
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characterized in that it comprises a control unit (VCU)
programmed, in the case of release of said first com-
mand (7), to:

steps 3, 7) process values of a first, second, third and
fourth electrical power available for the regenerative
simulation (Power Available to FrMot for EM RL;
Power Available to FrMot for EM RR; Power Available
to FrMot for EM FL; Power Available to FrMot for EM
FR) of the engine brake for respective said first, second,
third and fourth electric machines (RL, RR, FL, FR)
based on the amount of electrical power still storable
(Lim Recharge VCU) in said source (6) and first
operating parameters (Split of FrMot Rear right-left,
Split of FrMot Rear right-left) of said motor-vehicle
(1), in the case of release of said first command (7);
steps 4, 8) communicate said first, second, third, and
fourth electrical power available for the regenerative
simulation (Power Available to FrMot for EM RL;
Power Available to FrMot for EM RR; Power Available
to FrMot for EM FL; Power Available to FrMot for EM
FR) to the respective said first, second, third and fourth
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FrMot Rear right-left*Split of FrMot Front-Rear; Over-
braking_TgtTq*(1-Split of FrMot Rear right-left)*(1-
Split of FrMot Front-Rear); Overbraking TgtTq*(1-
Split of FrMot Rear right-left)*Split of FrMot Front-
Rear);

steps 5, 9) process said first, second, third and fourth

torques to be implemented as the minimum value
between the absolute values of each said first, second,
third and fourth target torques Overbraking TgtTq*(1-
Split of FrMot Rear right-left)*Split of FrMot Front-
Rear; Overbraking TgtTq*Sp Split of FrMot Rear
right-left*Split of FrMot Front-Rear; Overbraking
TgtTq*(1-Split of FrMot Rear right-left)*(1-Split of
FrMot Front-Rear); Overbraking TgtTq*(1-Split of
FrMot Rear right-left)*Split of FrMot Front-Rear) and
the corresponding said first, second, third and fourth
available torques (Torque Available to FrMot for EM
RL; Torque Available to FrMot for EM RR; Torque
Available to FrMot for EM FL; Torque Available to
FrMot for EM FR) for the regenerative simulation of
said engine brake.

electric machines (RL, RR, FL, FR) and receive from
said first, second, third and fourth electric machines
(RL, RR, FL, FR) respective values of a first, second,

3. The motor-vehicle according to claim 2, characterized
in that said control unit (VCU) is programmed to:
communicate said first, second, third and fourth torques to

third and fourth available torque (Torque Available to
FrMot for EM RL; Torque Available to FrMot for EM
RR; Torque Available to FrMot for EM FL; Torque
Available to FrMot for EM FR) for the regenerative
simulation of said engine brake associated with second
parameters of respective said first, second, third and
fourth electric machines (RL, RR, FL, FR) themselves;
steps 5, 9) process a first, second, third and fourth torque
to be implemented for the simulation of the engine
brake (RL Torque regenerated via engine brake; RR
Torque regenerated via engine brake; FL. Torque regen-
erated via engine brake; FR Torque regenerated via
engine brake) (RL Torque regenerated via engine
brake; RR Torque regenerated via engine brake; FL.
Torque regenerated via engine brake; FR Torque regen-
erated via engine brake) for the respective first, second,
third and fourth electric machines (RL, RR, FL, FR);
each said first, second, third and fourth torque to be
implemented (RL Torque regenerated via engine brake;
RR Torque regenerated via engine brake; FL. Torque
regenerated via engine brake; FR Torque regenerated
via engine brake) for the respective first, second, third
and fourth electric machines (RL, RR, FL, FR) being
associated with the corresponding said values of a first,
second, third and fourth available torque (Torque Avail-

be implemented (RL Torque regenerated via engine
brake; RR Torque regenerated via engine brake; FL.
Torque regenerated via engine brake; FR Torque regen-
erated via engine brake) to the respective said first,
second, third and fourth electric machines (RL, RR, FL,,
FR);

steps 6, 10) receive from said first, second, third and

fourth electric machines (RL, RR, FL, FR) the respec-
tive first, second, third and fourth electrical power to be
regenerated (Power regenerated via engine brake for
EM RL, Power regenerated via engine brake for EM
RR, Power regenerated via engine brake for EM FR,
Power regenerated via engine brake for EM FR);

step 7) process the values of said third and fourth elec-

trical power available for the regenerative braking
(Power Available to FrMot for EM FL; Power Available
to FrMot for EM FR) for said third and fourth electric
machines (FL, FR), based also on a sum (Rear power
regenerated via engine brake) of said first and second
electrical power regenerated (Power regenerated via
engine brake for EM RL, Power regenerated via engine
brake for EM RR) by the respective said first and
second electric machines (FL, FR) for the regenerative
simulation of said engine brake.

4. The motor-vehicle according to claim 3, characterized
in that said control unit (VCU) is programmed, in the case
of actuating said second command (8), to:

process a sum of the first, second, third and fourth power

(Power regenerated via engine brake) regenerated by
said first, second, third and fourth electric machines
(RL, RR, FL, FR) for the regenerative simulation of
said engine brake; and

step 11) process values of a seventh and eighth available

able to FrMot for EM RL; Torque Available to FrMot
for EM RR; Torque Available to FrMot for EM FL;
Torque Available to FrMot for EM FR) for the regen-
erative simulation of said engine brake.

2. The motor-vehicle according to claim 1, characterized

in that said control unit (VCU) is programmed to:

store a table that associates a target torque (Overbraking_

TgtTq) that simulates the effect of the engine brake

with the forward speed of said motor-vehicle;

distribute said target torque (Overbraking TgtTq) over
said first, second, third and fourth electric machines
(RL, RR, FL, FR), so as to process a respective first,
second, third and fourth target torques (Overbraking
TgtTq*(1-Split of FrMot Rear right-left)*Split of
FrMot Front-Rear; Overbraking_TgtTq*Sp Split of

electrical power (Power Available to FrReg for EM FL;
Power Available to FrReg for EM FR) for the regen-
erative braking for respective said third and fourth
electric machines (FL, FR) based on the amount of
electrical power still storable (Lim Recharge VCU) in
said source (6), of third operating parameters (Split of
Braking F right-left) of said motor-vehicle (1) and of



US 2023/0406111 Al

said sum of said first, second, third and fourth power
(Power regenerated via engine brake) regenerated by
said first, second, third and fourth electric machines
(RL, RR, FL, FR) for the regenerative simulation of
said engine brake.

5. The motor-vehicle according to claim 4, characterized

in that said control unit (VCU) is programmed to:

receive a current value of a sum of the third and fourth
electrical power implemented (EM F Power imple-
mented) by said third and fourth electric machines (FR,
FL);

step 14) process the values of a fifth and sixth electrical
power (Power Available to FrReg for EM RL; Power
Available to FrReg for EM RR) available for the
regenerative braking for respective said first, second
electric machines (RL, RR), based on the amount of
electrical power still storable (Lim Recharge VCU) in
said source (6), of said sum of said third and fourth
electrical power implemented (EM F Power imple-
mented) by said third and fourth electric machines (FR,
FL), and of the sum of the first, second, third and fourth
power (Power regenerated via engine brake) regener-
ated by said first, second, third and fourth electric
machines (RL, RR, FL, FR) for the regenerative simu-
lation of said engine brake.

6. The motor-vehicle according to claim 5, characterized

in that said first, second, third and fourth electric machines
(RL, RR, FL, FR) are programmed to:

receive from said control unit (VCU), at input, respective
said fifth, sixth, seventh and eighth electrical power
(Power Available to FrMot for EM RL; Power Avail-
able to FrMot for EM RR; Power Available to FrReg
for EM FL; Power Available to FrReg for EM FR)
available for the regenerative braking;

step 15) process a first and second available torque (FrReg
Torque Available for EM RL; FrReg Torque Available
for EM RR) for the regenerative braking, based on the
respective said fifth and sixth electrical power (Power
Available to FrMot for EM RL; Power Available to
FrMot for EM RR) and said second operating param-
eters of said first and second electric machines (RL,
RR);

step 12) process a third and a fourth available torque
(FrReg Torque Available for EM FL; FrReg Torque
Available for EM FR) for the regenerative braking,
based on respective said seventh and eighth electrical
power (Available Power to FrMot for EM FL; Available
Power to FrMot for EM FR) and said second operating
parameters of said third and fourth second electric
machines (FL, FR);

step 15bis) process a first maximum regenerable torque
(Maximum Reg Torque Rear Axle) for said first axle
(12), based at least on said amount of electrical power
still storable (Lim Recharge VCU) in said source (6),
and on the angular velocity and the electromechanical
efficiency of said first and second electric machines
(RL, RR);

step 12bis) process a second maximum regenerable torque
(Maximum Reg Torque Front Axle) for said second
axle (11), based at least on said amount of electrical
power still storable (Lim Recharge VCU) in said source
(6), and on the angular velocity and the electrome-
chanical efficiency of said third and fourth electric
machines (FL, FR);
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step 16) process a first maximum regenerable torque
(FrReg Maximum TorquexRear) for said first axle (12)
as the minimum value between the absolute values of:

said first available torque (FrReg Torque Available for EM
Rear) for the regenerative braking for said first axle
(12) equal to the sum of said first and second available
torques (FrReg Torque Available for EM RL; FrReg
Torque Available for EM RR) for the regenerative
braking, and

the difference between a maximum torque regenerated at
said first axle (Maximum Reg Torque Rear Axle) for
said first axle (12) and a sum of said first and second
torques (Rear Torque regenerated via engine brake) to
be implemented for the regenerative simulation of said
engine brake; and

step 13) process a second maximum regenerable torque
(Maximum FrReg Torque for Front Axle) for said
second axle (11) as the minimum value between the
absolute values of:

said second available torque (FrReg Torque Available for
EM FR) for the regenerative braking for said second
axle (11) equal to the sum of said third and a fourth
available torque (FrReg Torque Available for EM FL;
FrReg Torque Available for EM FR) for the regenera-
tive braking, and

the difference between said second maximum available
torque (Maximum Reg Torque Front Axle) for the
regenerative braking for said second axle (11) and a
sum (Front Torque regenerated via engine brake) of
said third and fourth regenerated torques for the regen-
erative simulation of said engine brake.

7. The motor-vehicle according to claim 6, characterized

in that it comprises:

a braking device (10) adapted to exert a braking torque by
friction on said first, second, third and fourth wheels (4,
5,2, 3),

a brake control unit (IBP) programmed, in the case of
activation of said second command (8), to:

receive said first maximum regenerable torque for the
regenerative braking (Maximum Reg Torque Rear
Axle) by said first and second electric machines (RL,
RR) and said second maximum regenerative torque
(Maximum Reg Torque Front Axle) for the regenera-
tive braking by said third and fourth electric machines
(FL, FR);

process a fifth and a sixth torque implemented for the
regenerative braking for the respective said first and
second electric machines (RL, RR), based on said first
maximum regenerable torque for the regenerative brak-
ing (Maximum Reg Torque Rear Axle);

process a seventh and eighth torque implemented for the
regenerative braking for the respective third and fourth
electric machines (FL, FR), based on said second
maximum regenerable torque for the regenerative brak-
ing (Maximum Reg Torque Front Axle);

communicate said fifth, sixth, seventh, and eighth torques
to be implemented for the regenerative braking to said
control unit (VCU);

process a braking torque value for said braking device (7)
based on said command set, in use, on said second
pedal (8) and said first, second, third, fourth, fifth, sixth,
seventh and eighth torque values implemented for said
regenerative braking.
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8. The motor-vehicle according to claim 7, characterized
in that said control unit (VCU) is programmed to command:
said first electric machine (FL) to sum said first torque to
be implemented for the simulation of said engine brake
(RL Torque regenerated via engine brake) and the fifth
torque to be implemented for the regenerative braking;
said second electric machine (FR) to sum said second
torque to be implemented for the simulation of said
engine brake (RR Torque regenerated via engine brake)
and the sixth torque to be implemented for the regen-
erative braking;

said third electric machine (RL) to sum said third torque
to be implemented for the simulation of said engine
brake (RL Torque regenerated via engine brake) and
said seventh torque to be implemented for the regen-
erative braking; and

said fourth electric machine (RR) to implement said
fourth torque to be implemented for the simulation of
said engine brake (RR Torque regenerated via engine
brake) and said eighth torque to be implemented for the
regenerative braking.

9. The motor-vehicle according to claim 1, characterized

in that it is without a heat engine.

10. A method to control a first, second, third and fourth
reversible electric machine (RL, RR, FL, FR) of a motor-
vehicle (1), comprising the steps of:

i) operatively connecting a first and a second electric
machine (RL, RR) respectively with a first and a second
wheel (4, 5) of said motor-vehicle (1) forming a first
axle (12) of said motor-vehicle (1) arranged at the rear
in use:

i) operatively connecting a third and a fourth electric
machine (FL, FR) respectively with a third and a fourth
wheel (2, 3) of said motor-vehicle (1) forming a second
axle (11) of said motor-vehicle (1) arranged at the front
in use;

iii) electrically connecting a rechargeable electrical power
source (6) electrically connected with said first, second,
third and fourth electric machines (RL, RR, FL, FR);

iv) operating each said first, second, third and fourth
electric machines (RL, RR, FL, FR) as an electric
motor to exert respectively a first and second, third and
fourth driving torque respectively on said first, second,
third and fourth wheels (4, 5; 2, 3), in the case of
actuating a first accelerator command (7) of said motor-
vehicle (1);

v) operating each said first, second, third and fourth
electric machines (FL, FR, RL, RR) as an electric
generator to use at least a portion of the kinetic energies
of respective said first, second, third and fourth wheels
(4, 5; 2, 3) and to generate an electrical current that
recharges, in use, said source (6), in the case of actu-
ating a second brake command (8) of said motor-
vehicle (1);

characterized in that it comprises the further steps, in the
case of release of said first command (7), of:
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vi) processing values of a first, second, third and fourth
electrical power available for the regenerative simula-
tion (Power Available to FrMot for EM RL; Power
Available to FrMot for EM RR; Power Available to
FrMot for EM FL; Power Available to FrMot for EM
FR) of the engine brake for respective said first, second,
third and fourth electric machines (RL, RR, FL, FR)
based on the amount of electrical power still storable
(Lim Recharge VCU) in said source (6) and first
operating parameters (Split of FrMot Rear right-left,
Split of FrMot Rear right-left) of said motor-vehicle
(1), in the case of release of said first command (7)
(steps 3, 7);

vil) communicate said first, second, third and fourth
electrical power available for the regenerative simula-
tion (Power Available to FrMot for EM RL; Power
Available to FrMot for EM RR; Power Available to
FrMot for EM FL; Power Available to FrMot for EM
FR) to the respective said first, second, third and fourth
electric machines (RL, RR, FL, FR) and receive from
said first, second, third and fourth electric machines
(RL, RR, FL, FR) respective values of a first, second,
third and fourth available torque (Torque Available to
FrMot for EM RL; Torque Available to FrMot for EM
RR; Torque Available to FrMot for EM FL; Torque
Available to FrMot for EM FR) for the regenerative
simulation of said engine brake associated with second
parameters of respective said first, second, third and
fourth electric machines (RL, RR, FL,, FR) themselves
(steps 4, 8); and

viii) process a first, second, third and fourth torque to be
implemented for the simulation of the engine brake (RL.
Torque regenerated via engine brake; RR Torque regen-
erated via engine brake; FL. Torque regenerated via
engine brake; FR Torque regenerated via engine brake)
(RL Torque regenerated via engine brake; RR Torque
regenerated via engine brake; FL. Torque regenerated
via engine brake; FR Torque regenerated via engine
brake) for the respective first, second, third and fourth
electric machines (RL, RR, FL, FR) (steps 5, 9);

each said first, second, third and fourth torque to be
implemented (RL Torque regenerated via engine brake;
RR Torque regenerated via engine brake; FL. Torque
regenerated via engine brake; FR Torque regenerated
via engine brake) for the respective first, second, third
and fourth electric machines (RL, RR, FL, FR) being
associated with the corresponding said first, second,
third and fourth available torque values (Torque Avail-
able to FrMot for EM RL; Torque Available to FrMot
for EM RR; Torque Available to FrMot for EM FL;
Torque Available to FrMot for EM FR) for the regen-
erative simulation of said engine brake.

11. A computer product loadable in a control unit (VCU)

of'a motor-vehicle (1) and adapted, when run, to implement
the steps of a method according to claim 10.
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