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(57) ABSTRACT 
The system comprises: 

devices operable to provide signals indicative of the 
angle of rotation of the steering Wheel, the speed and 
the yaW rate of the vehicle, at Well as the longitudinal 
acceleration and transverse acceleration of the 
vehicle on the basis of Which a reference yaW rate is 
determined. A ?rst yaW torque control signal is 
produced on the basis of a predetermined mathemati 
cal model of the behaviour of the motor vehicle and 
as a function of the determined reference value of the 
yaW rate. Control devices generate a second yaW 
torque control signal as a predetermined function of 
the longitudinal acceleration of the vehicle. Acontrol 
circuit generates electrical piloting signals for actua 
tor devices of the differential as a function of the ?rst 
and second yaW rate control signals. 
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SYSTEM FOR THE ACTIVE CONTROL OF A 
MOTOR VEHICLE DIFFERENTIAL 

DESCRIPTION 

[0001] The present invention relates to a system for the 
active control of a motor vehicle differential. 

[0002] More speci?cally, the subject of the invention is a 
system for controlling a differential comprising an inlet shaft 
intended to transmit torque to tWo output shafts or half 
shafts associated With respective Wheels of the motor 
vehicle, and selective coupling means controllable by means 
of corresponding actuator devices to modify the division of 
torque betWeen said half-shafts. 

[0003] Differentials of this type are described for example 
in European Patent Application 92121621.4 and European 
Patent Application 941207821. 

[0004] One object of the present invention is to provide a 
system for controlling such a differential, Which makes it 
possible to increase the stability of the motor vehicle and 
give optimum control of the division of the load betWeen the 
inner Wheel and the outer Wheel on bends. 

[0005] These and other objects are achieved according to 
the invention With a control system the essential character 
istics of Which are de?ned in the attached claim 1. 

[0006] Further characteristics and advantages of the 
invention Will become apparent from the folloWing detailed 
description, given purely by Way of example, With reference 
to the attached draWings, in Which: 

[0007] FIG. 1 shoWs a motor vehicle differential With 
Which a control system according to the invention is asso 

ciated; 
[0008] FIG. 2 is a block diagram of a control system 
according to the invention; 

[0009] FIG. 3 is a block diagram Which shoWs a possible 
structure or architecture of a ?rst part of the control system 
according to the invention; 

[0010] FIG. 4 is a three-dimensional diagram Which 
shoWs exemplary values of the yaW rate as a function of the 
angle of rotation of the steering Wheel and the speed of the 
vehicle; 
[0011] FIG. 5 is a block diagram of a portion of the system 
of FIGS. 2 and 3; and 

[0012] FIG. 6 is a block diagram of a second part of the 
control system of FIG. 2. 

[0013] In FIG. 1 a motor vehicle differential, for example 
of the type described in detail in the prior art documents 
described above, is generally indicated D. 

[0014] The differential D comprises an inlet shaft M, 
intended to transmit torque from the engine (not illustrated) 
to tWo output shafts or half-shafts (AS1 and AS2) associated 
With respective driven Wheels (also not illustrated) of the 
motor vehicle. 

[0015] In a manner knoWn per se the differential D com 
prises a plurality of friction clutches (not illustrated in FIG. 
1 but schematically shoWn in FIG. 2 indicated there C1 and 
C2) selectively controllable by use of corresponding actua 
tor devices (also not illustrated in FIG. 1, but schematically 
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shoWn in FIG. 2 Where they are indicated A1 and These 
actuator devices are, for example, hydraulic cylinders 
piloted by an electro-hydraulic unit such as that schemati 
cally shoWn in FIGS. 1 and 2 Where it is indicated EHU. 

[0016] This electro-hydraulic unit is in turn controlled by 
a control system generally indicated 1 in FIGS. 1 and 2. 

[0017] This control system can for example comprise an 
electronic unit ECU having a plurality of inputs Which are 
provided With respective input signals representative of the 
values assumed by corresponding quantities. These input 
signals can be provided to the unit ECU by suitable sensors 
installed on board the motor vehicle, and/or by other elec 
tronic control units installed on board the motor vehicle and 
connected to the unit ECU of interest here by means of a line 
or communication netWork according to techniques knoWn 
per se. Hereinafter in the present description the signals 
applied to the inputs of the unit ECU Will be assumed to be 
provided from corresponding sensors or transducers. 

[0018] With reference to FIG. 2, signals provided from 
sensors S1 to S5 are applied to the unit ECU of the control 
system 1 shoWn here. 

[0019] The sensors S1 and S2 provide the unit ECU With 
respective signals indicative of the steering angle 6 (the 
angle of rotation of the steering Wheel) and the speed V of 
the vehicle. 

[0020] The sensors S3 and S5 provide the unit ECU With 
respective signals indicative of the longitudinal acceleration 
aX and transverse acceleration ay respectively of the vehicle. 

[0021] Sensor S4 provides the unit ECU With a signal 
indicative of the yaW rate 1P. 

[0022] Sensor S4 is for example a so-called gyroscope or 
gyrometer. 

[0023] In the embodiment schematically illustrated in 
FIG. 2 the unit ECU comprises tWo main processor blocks 
B1 and B2 Which are connected to sensors S1-S3 and, 
respectively, the sensors S4 and S5. 

[0024] Possible structural forms or architectures for the 
blocks B1 and B2 Will be described in more detail With 
reference to FIGS. 3 and 6. 

[0025] As Will become more clearly apparent hereinafter, 
the processor blocks B1 and B2 are arranged to generate 
respective yaW torque control signals ATyOl and ATyol, 
Which are added in a summing device SM Which, folloWing 
a ?lter ZC, provides an output control signal ATy to a driver 
circuit DC Which, via the electro-hydraulic unit EHU con 
trols the actuators A1 and A2 of the differential D. 

[0026] With reference to FIG. 3, the block B1 comprises 
a memory M1 in Which ‘are stored pre-determined reference 
values of the yaW rate lPref, addressable on the basis of the 
instantaneous values of the steering angle 6 and the vehicle 
speed V. In the memory M1 reference values of the yaW rate 
are tabulated as shoWn in the three dimensional graph of 
FIG. 4. The memory M1 is connected to a processor section 
F1 Which equally receives signals indicative of the steering 
angle 6 and the vehicle speed V. The processor section F1 is 
arranged to generate a ?rst signal ATyl for control of the yaW 
torque on the basis of a pre-determined mathematical model 
of the behaviour of the motor vehicle, and as a function of 
the value of lPref. 
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[0027] The block B1 further includes a second processor 
section F2 Which receives the signal provided by the sensor 
S3 indicative of the longitudinal acceleration aX of the motor 
vehicle, as Well as a lateral or transverse acceleration ref 

erence value ayref. This reference value avref is provided at 
the output of a multiplier device P the inputs of Which 
receive the signals indicative of the motor vehicle speed V 
and the reference value IPref of the yaW rate. 

[0028] Alternatively, the signal indicative of the longitu 
dinal acceleration aX can be obtained by differentiating the 
signal provided from the sensor S2 Which is indicative of the 
motor vehicle speed V. 

[0029] The processor section F2 is arranged to generate a 
second yaW torque control signal ATV2 in dependence on a 
pre-determined function of the longitudinal acceleration aX 
of the vehicle. The signal ATV2 is for example proportional 
to the product of the longitudinal acceleration aX and the 
lateral acceleration reference value ayref. 

[0030] The signals ATyl and ATV2 are delivered to the 
inputs of a summing device SM1 at the output of Which there 
is therefore available a sum signal ATyol. 

[0031] The above-described processor block B1 performs 
an open loop control on the yaW torque acting on the motor 
vehicle Whilst, as Will be seen hereinafter, the processor 
block B2 performs a closed loop control. 

[0032] Still With reference to block B1, the memory M1 
can store yaW torque reference values IPref not just as a 
function of the steering angle 6 and the vehicle speed V, but 
rather as a function also of the value of the co-ef?cient of 
friction p betWeen the tires of the motor vehicle and the road 
surface as calculated by an estimator device generally indi 
cated EST in FIGS. 2, 3 and 5. With reference in particular 
to this latter ?gure, the estimator EST comprises a processor 
section F3 arranged to calculate, or rather estimate, the value 
of p on the basis of values of steering angle 6, the yaW rate 
11', the speed mi of the motor vehicle Wheels, and the 
longitudinal acceleration aX. 

[0033] The reference values II’ref in the memory M1 can 
also be stored as a function of the values of a further 
parameter, represented by an understeer indeX US computed 
by a further processor section F4 taking into account the 
understeer gradient desired by the user and set thereby by 
means of a setting device indicated I in FIGS. 2 and 3. 

[0034] The processor section F4 can be arranged to rec 
ognise, on the basis of the values assumed by a plurality of 
input signals, the driving “style” of the user in a continuous 
learning process. 

[0035] In FIGS. 2 and 3 there is indicated a further setting 
device indicated I2, by means of Which the user is able to 
cause a variation of the laW With Which the processor section 
F2 produces the signal ATV2 as a function of the longitudinal 
acceleration aX. 

[0036] With reference to FIGS. 2 and 6, the processor 
block B2 receives signals indicative of the yaW rate IP and 
the lateral acceleration ay. This block also receives from the 
processor block B1 the lateral acceleration reference value 
awef and the yaW rate reference value lPref. 

[0037] In block B2 tWo summing un_its ‘SM2 _and SM3 
provide tWo output error signals err \IEWMJP and err 
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ay=ayref—ay to tWo control blocks F5 and F6 respectively, 
Which perform respective predetermined transfer functions 
to operate, for eXample, a proportional-integral-differential 
type of control. 

[0038] The outputs from blocks F5 and F6 lead to a 
summing unit SM4 the output of Which represents the 
control signal ATycl. 

[0039] The system described above alloWs an optimum 
control of the stability of the vehicle and control of the 
division of the torque When the vehicle is travelling in the 
bend With a progressive transfer of torque from the inner 
Wheels facing the center of the curve to the outer Wheels. 

[0040] The system further alloWs understeer behaviour 
With the possibility of the user deciding the magnitude of the 
understeer effect. 

[0041] Naturally, the principle of the invention remaining 
the same, the embodiments and details of construction can 
be Widely varied With respect to What has been described and 
illustrated purely by Way of non-limitative eXample, Without 
by this departing from the ambit of the invention as de?ned 
in the folloWing claims. 

What is claimed is: 
1. A system for the active control of a motor vehicle 

differential comprising an input shaft intended to transmit 
torque to tWo output shafts or half-shafts associated With 
respective different Wheels of the motor vehicle, and cou 
pling means selectively controllable by means of corre 
sponding actuators for modifying the division of the torque 
betWeen the half-shafts; the control system being character 
ised in that it comprises: 

generator means operable to provide signals indicative of 
the angle of rotation of the steering Wheel, the speed of 
the vehicle, the yaW rate of the vehicle, as Well as the 
longitudinal acceleration and transverse acceleration of 
the vehicle; 

?rst control means operable to determine a reference yaW 
rate value as a function of the values of the angle of 
rotation of the steering Wheel and the speed of the 
vehicle, and to generate a ?rst signal for controlling the 
yaWing torque on the basis of a predetermined math 
ematical model of the behaviour of the motor vehicle 
and as a function of the determined reference value of 
the yaW rate, 

second control means arranged to generate a second 
signal for controlling the yaWing couple as a predeter 
mined function of the longitudinal acceleration of the 
vehicle, and 

control circuit means means arranged to generate electri 
cal signals for piloting the said actuator devices as a 
function of the said ?rst and second yaW rate control 
signals. 

2. A control system according to claim 1, in Which the 
control circuit means are arranged to generate electrical pilot 
signals for the actuator devices as a function of the sum of 
the said ?rst and second yaW rate control signals. 

3. A control system according to claim 1, further com 
prising third control means arranged to generate a third 
control signal for the yaW torque as predetermined functions 
of the difference betWeen the yaW rate and the associated 
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reference value, as Well as the difference between the lateral 
acceleration of the vehicle and an associated reference value. 

4. A control system according to claim 3, in Which the 
transverse acceleration reference value is determined essen 
tially as the product of the speed of the vehicle and the yaW 
rate reference value. 

5. Acontrol system according to claim 3, in Which the said 
second yaW torque control signal is substantially indicative 
of the product of the longitudinal acceleration of the vehicle 
and the reference value of the lateral acceleration of the 
vehicle. 

6. A control system according to claim 1, in Which there 
are further provided estirnator rneans arranged to estimate 
the coef?cient of friction betWeen the tires and the road 
surface, and in Which the said ?rst control means are 
arranged to determine the reference value of the yaW rate 
also as a function of the estimated value of the said coef? 
cient friction. 

7. Acontrol system according to claim 6, in Which the said 
estirnator means are arranged to estimate the said coef?cient 
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of friction on the basis of values of the angle of rotation of 
the steering Wheel, the yaW rate, the longitudinal accelera 
tion of the vehicle and the speed of rotation of the vehicle 
Wheels. 

8. Acontrol system according to claim 1, in Which the said 
?rst control means are coupled to setting means operable to 
provide signals selectively indicative of the desired under 
steer gradient; the said ?rst control means being arranged to 
determine the reference value of the yaW rate also as a 
function of the said understeer gradient. 

9. Acontrol system according to claim 1, in Which the said 
second control means are coupled to second setting means 

operable to provide the said second control means With 
rnodi?cation or personalisation signals of the function Which 
correlates this said second yaW torque control signal With the 
longitudinal acceleration of the vehicle. 


