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HYDRACTIVE Il SUSPENSION

INTRODUCTION

The choice of spring and damping settings of a vehicle's suspensionis
based on two main criteria.

COMFORT

The flexibility and the damping rate are defined so ast o isolate the
occupants of the vehicle from impacts and vibrations by using an
oscillating frequency btween 09 and 1.2 Hertz and by limiting vertical
accelerationsto 0.25 g (245 mis?).

ROAD HOLDING

Like competition can, hard suspension and anti-roll adjustmentsare

requiredto limit the movement of the body and to make the tyres
work in a precise manner.

The aim of this system is to obtain comfortable suspension whilst
having the ability to modify the suspension and anti-roll adjustments
automatically when the vehicleis in a limit situation which requires
hard adjustments{quick steering, tight bend, heavy braking), which
correspondst o approximately fifteen per cent of the time.

Therefore, there are two suspensions in one allowing "'comfort' and

"sport" behavioursto be set automatically depending onthe driving
conditions.



I- PRINCIPLE OF HYDRACTIVE SUSPENSION

For a vehiclet o be comfortable, its suspensionmust be sett o be supple
inflexibility, damping and anti-roll.

These settings do not allow the movement of the vehicleto be
controlled properly when disturbed. Inthis case, firm suspensionis
needed which reduces comfort.

Standard suspensionis a compromise defined as a function of thetype
of vehicle (family or sports). The role of hydractiveisto offer thesetwo
types of settings andto selectthe ideal solution automatically asa
function of the driving conditions:

No disturbance : supple suspension promoting comfort,
Disturbance : firm suspensionto control the movements of the vehicle.
Switching from one stateto another is controlled by a computer which,

asitisinformed of the driving conditions by sensors, acts onthe
suspensionsettings. -

DISTURBANCE T
1 -

FIRM

By default the suspensionis supple. When disturbed, the suspension
switchesto firm. When the disturbance passes, the suspension switches
back to supple after ashorttime delay “T* (variable from onetothree
seconds).



Switchingto firm by anticipation

The computer will switch to the firm position as a function of the
events which risk compromising the stability of the vehicle. The
suspensionwill therefore become harder before the vehicle has

moved.
EVENT VALUE MEASURED SENSOR
Bend Angle of rotation Steering wheel
Steering wheel Rotational speed Steeringwheel
turned
Requestfor power Development speed Acceleratorpedal
Engine brake ofthe accelerator
pedal
Braking Frontbrake pressure Brake

Switchingto firm by reaction:

The computer switchesto the firm position as a function of the

reactions of the vehicle.
EVENT VALUE MEASURED SENSOR
Height variations Compression- Body movement
extension
Acceleration Speed variation per Speed (or Distance)
Deceleration second

IMPROVEMENTS MADE TO HYDRACTIVE Il

e afrontelectrovalve and arear electrovalve : each of theseis
directly integrated into one of the stiffness regulator.

a computer programmed with new laws:
for switchingto the "soft" and "firm" states:

inthe "sport" position, the "firm" stateis no longer permanent
andin the “comfort” position, the thresholdsfor switching from
the "supple" state ta the "firm" state are more lower*, this
strategy prevents a sudden change in behaviour when switching
from one state to the other, the overall responsetime of the
system is extremely short (less than 51100th of a second).



Example of the new laws for switching from the supple stateto the
"firm" state.

On the motorway at 120 km/h (75 mph), in the "auto" position,
switchingto "firm" occurs for a steering wheel angle greater than
33 degrees, this state is maintainedfor 1.2 seconds whenthe
steering wheel returnsto an angle less than 33 degrees. In the
same configuration, in the "sport" position, switchingto "firm"
occurs for an angle of 22 degrees and this state is then maintained
for 1.6 seconds.

On country roads or intown, at 50 km/h (31 mph), switchingto
"firm"* occurs for a steering wheel angle of 120 degrees (a third of
aturn of the steeringwheel) whenin the "auto" position and the
time delay is 12 seconds. In the same conditions, inthe "'sport"
position, switchingfrom suppleto "firm" occursfor an angle of 80
degrees and this time the time delay is 1.6 seconds.

| = VARYING THE SPRING SETTING

A - REMINDER

AH

A mechanical spring (helical, torsion bar...) is characterised by its spring
constantwhichis defined as its material deformation as a function of
the force appliedtoit.

A Hi-H2 = AH

F2-F1 AF

[l




B- THE HYDROPNEUMATIC SPRING

The elastic element consists of a

mess of nitrogen of whichthe
Nitrogen pressure and volume vary as a

function of the force F applied to
Membrane  the piston

Fluid

EERET
v omd i
‘ ’ Piston

Therefore, to alter the setting of a hydropneumatic suspension system
for a givenload, thevolume of nitrogen V hasto be altered.

This isthe solution used to obtainthe "Soft" and "Firm" states.

Application

By adding an additional sphere or not to the main circuit, the volume
of nitrogen is modified.

SOFT
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Comments:

When the vehicle is loaded, the volume of nitrogeninthe spheres
is reduced and therefore the suspensionis harder. Likewise, when
the suspensionis compressed the volume is reduced thus reducing
the flexibility. This is the reason why the hydropneumatic spring
has a variable spring constantdue to its constitutionwhenthe
load changes or duringvibrations.

Hydractive suspension allows the flexibility to be varied for a given
load.

e Theinlet or outlet of the fluid in the cylinder does not modify
the flexibility only the height by modifying the distance
between the membrane and the piston (provided thatthe
suspensionis not atits limit).



VARIABLE DAMPING

This consists of putting two shock absorbers in parallel and isolating, or
not, one of them to vary the damping.

A- "SOFT" POSITION
The fluid passes through A towards the main sphere and through

A’ towards the additional sphere. Fluid braking is low since the
fluid can flow in two ways +damping islow.

B- "F RM POSITION

The fluid only flows through A. There is increased damping.




I - ANTI-ROLL

A - REMINDER OF HOW STANDARD HYDROPNEUMATIC SUSPENSION

WORKS
__Pg Pd —
Vg Vd —
Pg = Pd
Vg = Vd
Direction of roll
P

With metallic or pneumatic spring suspension, when a force is
exerted when cornering, the outer wheel compressesits
suspensionwhich limits the roll. With hydropneumatic suspension,
as the two elements on the same axle are linked together
hydraulically, the fluid from the compressed element is discharged
to the extended element and therefore neither the volume nor the
pressure vary in the compressed element, and do not oppose the

roll. The anti-roll effectis only performed by the anti-roll bars,
which explainstheir rigid mountings (trunnions).



B - ACTIVE ANTI-ROLL OF HYDRACTIVE SUSPENSION

The circuitis modified with respect to the standard systemin the

both states.
1- "Soft" state
— Pg Pd —
Vg Vd
Pg = Pd
Vg = Vd
A' = Shock absorber

Dynamic anti-roll is improved by the two additional shock
absorbers A' which brake the fluid movement betweenthe
two elements, which means thatthe force is applied

progressively and the pressures Pg and Pd are balanced more
slowly.

Pd —
Vd —
. . -
Direction of roll e
—i——— = i

Il

Obstruction

The two elements are isolated since the fluid flow is
obstructed. The anti-roll function of the suspension element is
ata maximum.

Thus, low anti-roll can be obtained to optimise comfort (when
one wheel passes over a hump. the fluid flows from the
disturbed element to the other without alfering the
transversal height of the body) and high anti-roll for violent
forces (stability of the transversal height).
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PRESENTATION OF THE ASSEMBLY

|- SUMMARY DIAGRAM

Inputs Outputs

Front stiffness regulator
control electrovalve

SPORT control
switch

= LB N

Steering wheel Front stiffness
sensor regulator
Vehicle distance Lighton “SPORT"
sensor switch
Accelerator pedal - .
travel sensor : Diagnostic

Braking pressure
sensor

control electrovalve

Rear stiffness reg ulatorJ

- C

Body movem n;c
» ysen.r::fr . Rear stiffness
E regulator
Door switch Wariig
R light
Boot switch l
N° PR < 5971

—  : Electrical connections

--------- - Hydraulic connections




fl- POSITION

1

ELEMENT

POSITION

_C_om puter

Ventilated housing on the front right wheel
arch under the bonnet

Control switch

et

Central console behind the height control
lever

Steering wheel sensor

On the steering column behind the steering
wheel

Vehicle speed sensor

On the gearbox (tachometric socket)

Accelerator pedal travel sensor

On the pedal arm

Braking pressure sensor

On the front left of the engine sub-frame

Body movement sensor

Right of the front sub-frame

Front stiffness regulator + electrovalve

Behind the cooling radiator at the front left |

Rear stiffness regulator + electrovalve

Rear axle pipe

Dashboard warning light

At the top on the right

Auto-diagnostic socket

Under the dashboard on the front left (wit_t;—
fuse box)

e
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DIAGRAM OF OPERATING PRINCIPLE

SUSPENSION STEERING IWCCELERATOR BODY VEHICLE DOOR BOOT
SWITCH WHEEL PEDAL MOVEMENT SPEED SWITCHES SWITCH
SENSOR SENSOR SENSOR SENSOR
Y Yy A A 4 A Y v 4 i
5V 5y ]
H
- VY *
Y | {srakeposeur |y, BRAKE SWITCH
. VALVE "
SAFETY
VALVE ——
brakes
DIAGNOSTIC
SOCKET
A 4 v
Return 10
=
resenvoin
“ .
llr
REAR
mowr | =y HiGHT
CORRECTOR =7 o | CORRECTOR
= Return to
[ reservoir
Y F
FRONT FRONT REAR REAR
ELECTROVALVE|  STIFFNESS STIFFNESS | ELECTROVALVE
REGULATOR REGULATOR
‘ 1
reat brake
doteur valve ———
FRONT LEFT FRONT RIGHT
SUSPENSION SUSPENSION
ELEMENT ELEMENT
B ot . X REAR LEFT REAR RIGHT
Electrical circuit SUSPENSION SUSPENSION
== Hydraulic circuit ELEMENT ELEMENT
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OPERATION OF THE HYDRAULIC PART

|- PRESENTATION

Parts list

1- Frontelectrovalve

—

T 2- Frontstiffness

> regulator
: 3- Rear electrovalve
* 4 - Rear stiffness
regulator
7 l 5- Frontheight
corrector

6- Rear height
corrector

7- Front suspension
elements

B- Rear suspension
elements

Priority valve

Brake doseur valve

Pressure switch




The system differsfrom standard suspension due to the addition of two |

stiffness regulators 2 and 4 (one per axle) each incorporating an
electrovalve.

Note that the pipes connecting the suspension elementsto the
regulators have a large diameter (8 X 10) in order to reduce load losses
and therefore the response time. Sealing is provided by I1SO tapered
connectors without gaskets. The tightening torque is 3 to 3.5 mdaN.

- THE ELECTROVALVE
A- ROLE

This allows the stiffness regulator to be controlled hydraulically

accordingto the electricalinformationit receives fromthe
computer.

B- CONSTITUTION

Parts list
1- Spring
Diode
% 2 - Needle
. wf
2
{ ? 3 - Core
\ Return to reservoir
HP
4 - Seat
. B .
user circuit | . | \ 5- Call
1 3 4 5
6~ Seat

7 - Filter



C- OPERATION

As the coil (5) isnot

1- Atrest energised, the spring (1)
pressesthe needle (2) onto
the seat (6).

The following are connected

c L
A ® c

The user circuit output Bis
therefore connected to the
reservoir C.

-'I—UJ'

n—

2 - Activated postion Asthe colil (5) is energised, it
creates a magneticforce in
the core (3). This causesthe

B needle (2) to move which
1 comesinto contact withthe

seat (4).
e
/ ii_ . Therefore, we have:
\\.11111\1\.\1
"‘::_"_‘_"-‘:_:'-‘: -—r..r PRI ] l‘f,/ d _____ G B
..l' '-‘.'.'."‘.

-ﬁ',;-.:;i;:::;:;;i;«m ,
/f .{{J! | . I A e C

2 3 4 5 The user circuit output Bis at
the supply pressure A
Conclusion:
Electrovalve User circuit pressure
not activated reservoir
activated supply (HP}




D- CHARACTERISTICS
Nominal voltage 135V

Nominal intensity : 3 Awhen powering up for 0.5 seconds with
the maximum voltage.
0.5 Awhen holding by disconnectingthe
supply voltage
Maximum cut-outtime < 1.8 ms

Resistance : 4810

Control frequency : 1000 Hz

Hydraulic

suspension element reservoir

Regulator

L Electravalve

Connection to
Ccomputer

High pressure

_ Height corrector
suspension element



il - THE STIFFNESS REGULATOR

A- ROLE

Two stiffness regulators are fitted (onefront and one rear) which

modify the physical state of the suspension as a function of the
status of the electrovalve.

B- CONSTITUTION
/}7 % Parts list

f "%71 1- Additional Sphere

2 - Body
3 - Slide valve

4 - Valve

Sn I}{ 5 - Shock absorbers

Hydraulic connections

A- Height corrector
B - C-Suspension elements

D- Electrovalve




C- OPERATING PRINCIPLE

I -"Soft" state

Doseur valve —pe———

18

5 3 1
[ —
5

8
Resrvor
High
Pressure
9
7
Resrvair -<—J
Parts list

I -Additional sphere
2 - Body

3 - Slide valve
4-Valve

5 -Shock absorbers

6 - Rear suspension elements
7 - Electrovalve
8- Height corrector

9 - Priority valve
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When the electrovalve is energised, the slide valve (3) is subjected

to the high pressure HP on one side and to the suspension pressure
Ps on the other.

Since HP = Ps, the slide valve is locked in the "Soft" position.
There istherefore a link between the two suspension elements
and the additional sphere.

This gives:

¢ Large volume of gas (suspension spheres + additional sphere)

— soft suspension.

e Fluid passes through four shock absorbers (to reach the

additional sphere, the fluid passes through the shock
absorbers (5))

— softdamping

e Fluid passes from one suspension elementto the other

— soft anti-roll

When the height correctionisin the "Soft" position, the fluid

passes directly through the shock absorbers (5) and suppliesthe
cylinders (6).

Note: The operation of the valve (4) will be discussed later.



2 -"Firm" state

oy s .:,

[T r
"'\,I

Reservoir o
grigshsure | — 1
— :—f
I ﬂ/r/// ///
© HA777 :-}’f 7
- } p"_
7 % ‘ 5

»

Reservoir —O—J

Doseur valve ——stee—n—""

B o, T
#""fﬂffffffrff-?

IIJIJFIIJJJJ"JJ'J' .i""
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As the electrovalve is not energised, the slide valve (3) is subjectedto the
suspension pressure Ps on one side and to the reservoir pressure Pr onthe
other. Since Ps > Pr, the slide valve is locked in the "Firm" position.

The additional sphere is therefore completely isolated and the main link
between the two suspension elementsis broken.
Therefore, there s :

e Small volume of gas (additional sphere isolated)
— Firm suspension

e Fluid nolonger passesthrough the shock absorbers (5) since the
additional sphereis isolated.

— Firm damping

e Fluid does not flow betweenthe two suspension elements

— Firm anti-roll



Hi- STIFFENESS REGULATOR BALL VALVE
A - ROLE
This allows:

# Inthe "Firm" state, the suspension elements to be connected tg
the height corrector during correction or,

e The suspension elementsto be isolated for roll, therefore
preventing fluid flowing between the two spheres.

B - CONSTITUTION

Parts list
/ 7 7 ///“ 1- End Stop
— | 2 - ThrustRod
3 - Spring
4 - Seat
5- Ball
6- Seat

Hvdraulic connections

6 A- Height corrector

B - C-Suspension element



3- OPERATION

1 - Antiroll When rolling, fluid tendsto flow

from one suspension elementto
the other. tt moves the ball (5)
V] VA which presses against the seat (4),
thus closing the connection.

P A A .

é As the pressure of the compressed

suspension elementis greater
thanthat of the extended
suspension element, the ball is
locked whilst the vehicle is rolling.
Whenthe roll stops, thereisno
longer any transverse strain on

the vehicle and the ball is
/ released.
/,‘/
When.turning.inthe opposite
© direction, thgbaﬁ IS prggsed
against the seat (6).
2 - Inlet admission

o)
| Since the area around the thrust
rod (2) where fluid can passis

] { small, the upstream pressure is

Z greater than the downstream
I~ pressure. The rod (2) compresses
5 i the spring (3) and presses on the

B~ e ball (), locking this at the base of

Si 74 the valve.
57 5

When the height corrector returnsto the neutral position, since
there is no flow, the thrust rod (2), under the action of spring (3),
presses against the end stop (1) and releases the ball.



3

Outlet correction

11}
K_L

Under the effect of the fluid
discharged by the suspension
elements, the ball presses against
the thrustrod (2). This then

againstthe end stop (1), It
s therefore locked in this position
and does not prevent the fluid
flowing.

Atthe end of the correction, the
flow is zero and the ball is
released.
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ELECTRONIC OPERATION

PRINCIPLE

The suspension has two stiffness states and two damping states.
Changes in state are controlled by anticipationby one of the four
parameters of steering wheel angle, steering wheel speed, braking and
the amount the pedal is pressed down as wel asby analysingthe
vertical movement of the body (amplitude of the movement).

The parametersfrom-the sensors are ¢compared with variable
thresholds as afunction of the vehicle speed. The state changesto firm
when the thresholdis exceeded; returning to the supple (or soft) state
occurs when the value of the parameter is once again lower thatthe
threshold and after a time delay has elapsed.

COMPUTER
A - . ROLE
e Controlsthe stiffness regulator electrovalves so as to switch

the suspensionfrom one state to another (supple or firm), as a
function of the information from the various sensors.

Monitors all the system components:

Sensors, actuators, electrical links, unit itself, power supply.
Monitors the operating software

Should a hardware or software fault occur:

® Ensures maximum possible safety

e Switchesto adowngraded operating mode (emergency
strategy)

e Warnsthe drivers by illuminating awarning light

e Carries out an auto-diagnosticof the essential elements
and functions



B= CONSTITUTION

Thisis a sealed unit into which are fitted the various electronic
components.

The link to the outside is provided by two connectors each with
fifteen channels (one white and one black), which can be
disconnected in any order.

The heart af the computer consists of two TEXAS INSTRUMENTS 16
kB and 4 kB microprocessors.

The control transistors of the electrovalves(called "intelligent")
are capable of detecting open circuitand closed circuits.

Integrated circuits monitor the supply voltage and protectthe
computer.

C- CHARACTERISTICS

e Operating temperature -30°Cto + 85°C
e Storagetemperature -40°Cto + 110°C

e Operatingvoltage:
e 0to75 V- noQnctionswork

e 75t011V - nofunctionswork except element protection
and auto-diagnostic

e 11to16V—=allfunctionswork

e 16t024V = no functions work except element protection
and auto-diagnostic

e 16t018V — 2hours before destruction
e 18t0 24V — 1 minutebefore destruction
e Above 24V — no functionswork
e Consumption:

e \When operating, without electrovalve consumption —
< 500 mA

e \Whennot operating (ignition off and after self-levelling
timer), doors and boot closed = < 2 mA

e \\When notoperating, doors and/or boot open— < 100 mA
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IIl- SENSORS
A - "SPORT" CONTROL SWITCH
1- Role
This allows the driver to impose the “SPORT" rule.

2 - Constitution - Operation

C

B14 0
M
U

B12 B
E
R

Note: In “SPORT”", 5 V is measured at terminal B12 of the computer.

The switch is closed in the “Normal” position, open in the
“Sport” position. If terminal 12 of the computer is earthed
(link 2 — 1 made), this applies the “Comfort” suspension rule.

If terminal 12 of the computer is “open” (link 2 — 1 cut), this
applies the “Sport” suspension rule. The illuminating light of
the switch unit is dimly lit by the light + due to the resistor
integrated into the unit. When the switch is in the “Sport”
position, the iight is brightly lit due to a + from terminal 14 of
the computer.



B- EATON SPEED SENSOR

a) Role
This sensor supplies an electrical signal which is proportional
to the rotational speed of the secondary gearbox shaft, and
therefore to the vehicle speed.

b) Position
Itis mounted onto the tachometricsocket of the gearbox.

¢) Operation

1- Polar wheel

2 - Hall sensor

3 - Bearing

4 - Drive 3

i} ————

This sensor is a Hall effect pulse generator.

Principle of Hall effect

|"r|
9
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The essential element of this system is a plate of 1.2mm length.

® Acurrent passes over this plate between points A and B. If there is
no magnetic field, no voltage is obtained between-the equidistant
points E and F.

® When a S-N magnetic field is applied at right angles to the plate, a
very low Hall voltage of 0.001 volts is obtained between points E
and F.

(This comes from the deflection of the A-B current lines by the
magnetic field, provided that the two simultaneous conditions of
electric current and magnetic field are satisfied).

Operation
Integ ra.ted
Speedo cable circuit
C
i N t—l—x
' + APC (12V) M
1+S A1 P
3
H 2 + afterignition (12V) 7 ;J
i E
R
1
Gearbox % | =™ =

The polar wheel, when rotating, causes a north pole, south pole,
north pole, etc.. to pass successively in front of the Hall plate. The
current supplied by the slice therefore changes direction
alternately. The integrated circuit, which is used for amplifying the
signal, supplies a square signal to the computer of which the upper
limit corresponds to the direction of the plate current and the
lower limit corresponds to the inverse direction of the plate
current as a function of the pole passed in front of it.



d) Calculatingthe speed

The sensor supplies square signals, of which the frequency is
proportional to the speed

Us 1
¢ 20 em ;
M M N
AT

We know that the sensor supplies:
- Eight pulsesper revolution of the polarwheel

(eight pairsof poles) - Fivepulsesper metretravelled.
Therefore, one pulse correspondsto 0.2 mtravelled —-20 cm (1
m15 pulses). Each time the vehicle travels 20 an, the voltage

reaches its maximum value (pulse). All thatis required now is

to countthe number of pulses per secondto determine the
vehicle speed.

Example

The sensor supplies 50 pulses per second.

® 50 pulses—+50x 20 cm = 1000 cm = 10 metres
The vehicle is therefore travelling at 10 m/s

e 10m/s =10x3600 = 36 000 m/h = 36 km/h

Therefore, if the sensor supplies 50 pulses per second, the
vehicleistravelling at 36 km/h.

® 50pulses — 36 km/h
e 100 pulses — 72kmlh
® 10pulses— 7.2km/h

Note: the sensor output signal is measured with a voltmeter
inthe "direct current™ position.



C- STEERING WHEEL SENSOR
1- Role

This generates signals which enable the computer to define
the angle and the speed of the steering wheel.

2- Constitution

It is adouble optoelectronicsensor. It consists of two light
emitters, two receivers and a phonic wheel with windows. The
sensor is fixed and the phonic wheel turns with the steering
wheel. The phonic wheel and the sensor form a compact
Valec make unit, indexed in rotation.

Partslist

1- Optoelectronic sensor

2 - Double emitting part

3 - Double receiving part

4 - Phonic wheel
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3- Operation
2) Reminder of a photodiode
A photodiode is made from a PN junction which canbe

illuminated externally. Its reverse conductivity is
proportional to the illumination.

Light pA
Convergent lens

i N -

X D

Junction

l Inverse voltage: 10V

. |

- f—

O 10 20 0

_ Radiation nW/CM3
Outputwires

Therefore, by simplifring_, itcan be seenthatthe diode
conducts when it s illuminated and does not conduct
when there is no illumination.

b) Application of the optoelectronic sensor

If aphotodiode is fitted opposite a light source and if a
phonic wheel with windows is passed between these two
ltems, the displacement of the phonic wheel canbe

turned into signals depending on whether there is a
window or not.
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We therefore have:

——_\—-—__Q_D_D_ oo o . A - Emitter
O o a

g
4 a
7 B-
5
1
o

ann
a

Receiver

C- Phonicwheel

D- Displacement

S- Output

One compiete steering wheel revolution = 28 pulses

C) Electrical diagram

+
100 €2 A3 JDUTPUT SIGNAL T
A1 1 OUTPUTSIGNAL 2

e ,
(e)lggc:nt 10002 l g i

The sensor is a double one so as to obtain better precision and to.allow
the computer to determine the direction of rotation of the phonic
wheel. 3 .
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d) Operating principle

. I )
+ 5V supply :
@ Mo — BIp
. | o
N15 s A = (%?—)1-—9’1 |
C2 | STEERING WHEEL
N . =85V Al | o~— SENSOR
_ (S2)
o | B13 B1 | B ';
— - |
| © |

The computer supplies the sensor with + 5 volts,

The two output transistors of the sensor are like two switches
C1 and C2.

When the phonic wheel breaks the light beam pointing at a
photodiode, the corresponding transistor (CQ) is blockea
switch — open. The corresponding output (S) is therefore
“open” — there is a voltage of 9.5 V from the computer.

When the window lets the light beam hit the photodiode, this
conducts and unblocks the corresponding transistor (C) —
contact made. The corresponding output (S) is therefore
connected to the negative — the voltage is practically zero.

Note

The two sensors are offset by 1/4 step (phase quadrature) so
that the direction of rotation can be determined and so as to
give better precision. :



5- Processing of the signal by the computer
a) Work done by the computer

e Interpretsthe signals from the sensor (humber of
steps)

e Determinesthe direction of rotation
e Determinesthe straightline position

e Calculatesthe angle of the steeringwheel with
respect to the calculated straightline

e Calculatesthe rotational speed of the steering wheel
e Comparesthe values of the rotational speed and the

angle found with the switchingto firm thresholds of
the computer.

Controls, or not, switching of the suspensionto the
"firm" state.

b) Determining the number of steps P

We have seenthat the sensor is double, the two elements
being offset by a 1/4 of a step (phase quadrature).

Therefore, we have:

Step

Offset Note that for one step of
_ the phonic wheel, there
—h— arefour output codes.
sensor | i I: '; ': ': The precisionis therefore
1 Lo multiplied by two dueto
b the double sensor.
1 I
] T T | I ——
AR it
Sensor 2 o N
| | 1 ] ] ]
| ] ] ] L 1
e it [ (B | T i
i ] 1 | ! I
Outputcodes 1 1 0 0 1 1
a i 1 0O o N |

The steps read by the computer are therefore the output

codes. As the wheel has twenty eight windows, the precision
is one code step for :

3.21°%(360)
28x4



Deterining the direction of rotation

As the computer knows the logical order of the codes, it just
hasto compare the new code with the old codeto work out
the direction of rotation.

0 0
Eq.: New 1 Old 0 — Left
0 1
New 1 Old 1 — Right

Determining the straight line

Definition of the "calm steering wheel" notion

The steering wheel is said to be "Calm" whenits movements
remain within a sector of + 65" with respectto a zero point
for at least one second.

Definition of the zero point Pa

The first point Po correspondst o the position of the steering
wheel when the speed of the vehicle reaches 30 km/h. A
sector of + 65" withrespectto this pointistherefore created.

PO at 30 km/h

If the steering wheel is "calm", the computer starts measuring
the distance travelled, and calculatesthe average of the
steering wheel positions sampled every 1.6 metres.

As soon as the steering wheel leaves this sector, it is said to be
"not calm". The computer then memorises the distance
travelled in this sector and the calculated average. (The
conditions in which the computer updates the straight line
position willbe discussed later).
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The new position of the steering wheel becomes the new
point Po, a new sector of 13° centred about Po is created and
therefore the steering wheel becomes calm, the distance
travelled counter returnsto zero and the computer calculates
the average of the steeringwheel positionsin this sector.

Definition of distances

The following are known as:

D — distance over whichthe computer has calculatedthe
straight line,

BP — distancetravelled with the steering wheel calm

Application:
Steering wheel calm 1 Steering wheelnotcalm  Steering wheel calm 2
r
New position

STOP
After one second —
counter to 0 — distance

Distance DP measured D memorised

| DP measured +average
Average calculated Average position position calculated
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Updating the straight line

The computer memorises the straight line position LD (average of the
positions inthe sector: Sum of the number of steering wheel positions

number of acquisitions

andthe distance D over which it has been calculated.

The first straight line memorised LDo is the position of the steering wheel
when Vveh = 30 km/h (Po), therefore the distance memorised is D = 0.

A new straight line LD will be memorised (average of the positionsinthe

sector) as wellasthe distance D over which it was calculated if one of these
two eventsarises:

-]

Distance travelled with steering v_\{_heel calm DP morethan 50 metres
thanthatmemorised D: DP = D T 50. Therefore, for aslong asthe
steering wheel is calm, updating will occur every 50 metres, the
memorised distance D increasing by 50 m.

Example : distance memorised D = 500 metres. Aftertravelling a
distance DP = 550 metres with steering wheel calm — steeringwheel
position updated and D becomes equalt o 550 metres. Then, atDP =
600 m — and D= 600 m etc...

The steering wheel leaves the current 13° sector — steering wheel not
calm. The computer compares the distance travelled DP in this sector
with the memorised distance D. If DP > D — LD updated, if not

(DP < D) — LD not updated.

Example : the lastupdate occurred at D = 510 m. The straightline will
beupdated if :

e SteeringwheelcalmforDP = 560 m (D + 50), or
e Steeringwheelnotcalmafter 511 m(DP > D)

Therefore, whenthe distance travelled with the steering wheel calm
DPisgreater thatthe memorised distance D atthe time of the last
update, an update will havetobe done in this sector.

Note: The maximum distance D = 3000m above 3000 metres, the

straightlineposition willbe updatedevery 3000m only when
the steering wheelis calm,

Therefore, the computer determines its straightline when the
steering wheelis calm forthe longest distance.



e) Measuringthe angle

The computer counts the code changes emitted by the sensor
with respectto the straightlineit has defined.

f) Measuring the speed of rotation

The computer counts the code changes emitted by the sensor
inone second.

NOTE:

The ECU accepts rotational speed signals of up to 2.5" per milli-second from the steering
wheel sensor. Any value above this threshold has the same effect.



SYNOPTIC FOR DETERMINING
STRAIGHT AHEAD POSITION

|. VS = 18}46H—ri
II?A =;5m
D+0 |
B

T

Creation of sector
+6.5° around PSW
DT=0

—

Time = 1s ]

S—

LA
|| Reading of PSW

l =t

I\_ PWS Learning the Sector ?

| Steering ‘calm’

‘F Computing DT_
[ and PSWevery 1/6 m

v

DT = + 50
or DT = 3000 m |

l_ Yes

MO

SA = Average PSW
acquired
D=DT

I

SA = Average PSW
acquired
D=DT

—

' Steering |

\ .i
—h—l_DT > 5 J

—_—

non
‘calm’ _'

PSW = Position of Steering Whee/

SA = Straight ahead position

D = Distance over which SA has
been calculated

DT = Distance travelled with
steering ‘calm’

VS = Vehicle speed



D - ACCELERATOR PEDAL TRAVEL SHNSOR
1- Role

This enables the computer to know the position of the
accelerator pedal.

2 - Constitution - Operation

It consists of a variable resistor, of whichthe cursor is
controlled by the pedal.

Parts list
1- Protective resistor
2 - Receiving track

3 -Cursor

4 - Resistor

M2
- i@ C
0
M
o p
u
!
Bl R

ACCELERATOR SENSCR

The output voltage \s depends on the position of the cursor

e Cursorup—\s = VewithVe = +38vV supplied by the
computer (pedal fully down)

e Cursor down — Vs = 0 (pedal up)

e Cursorinany position — Vs = Ve x % travel
The protective resistor (1) limits the intensity when faulty

connections are made (E.g. inversionof the wireson N1 and
N2 — if the cursor is down, there would be a short circuit).



3- Characteristics

Main resistor S |
Protective resistor 2

4 - Computer processing of the signal

a) Work performed by the computer

b)

No Steps

Reads the sensor voltage with the accelerator pedal
in the ‘throttle closed’ position and the sensor
voltage with the pedalin the ‘throttle open’ position.

Deduce the actual electrical stroke of the sensor from
this information.

Divide this actual stroke into a certain number of
steps.

Check how many steps are covered in 32 ms (speed at
which throttle is closed or opened) when the driver
operates the accelerator pedal.

Compare the speed at which the throttle is opened or
closed with the limits for switching the suspension to
firms.

Give the order to swtich the suspension to firm or
not.

Dividing the sensor stoke into a number of steps

Fault
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Previously, the throttle closed position should have been
between 10 and 30% of the total theoretical electrical
stroke; this was too restrictive and from now onthe
computer will use a minimum effective electrical stroke of
100 steps for analysing the development of the
accelerator pedal.

The computer has the total electrical stroke stored inits
memory (0 to 5V,divided into 255 ste;ns which gives a
value of 0.0196 V per step. Itis consideredthat, with the
sensor fitted, the throttle closed' shouldbe a maximum

of 125 steps, thus giving aminimum effective stroke of
100 steps.

In reality, the computer knows how to adaptto all
situations.

The process is as follows:

Whenthe ignitionis switched on, the computer reads the
voltage from the potentiometer slider and considersit to
representthe throttle closed position. Fromthis value, it
adds 100 steps for the minimum compulsory effective
stroke which gives a voltage value for the 'throttle open'
position. When the driver accelerates for the firsttime, if
the voltageis of ahigher valuethan that corresponding
to 100 steps of minimum effective stroke, it takes this as
the real ‘throttle open' value.

Likewise, if the driver Eressesthe accelerator pedal
slightly when he switches onthe ignition, the computer
will correctthe 'throttle closed' position when it receives
avoltage value which is lower than that read whenthe
ignition was switched on.

Whenthe computer has read the two values of 'throttle
closed' (pedal up) and 'throttle open' (pedal down), if the
‘electrical distance' is greater than 100 steps, It has a
greater effective stoke which it then divides into a certain
number of stepsdirectly as afunction of the electrical
value of one step.



Example:

255 steps divided by 5V gives a value 0f 0.0196 Vfor one step.

Intheory:

- throttle closed = 125steps= 245V

- throttleopen = 255 steps = Astep = 100steps = 1.09V
245 T 1.96 =4.41

- 35 steps = 0.6V -0to0.6V  =Short circuitfault zone

- 233 steps = 4.5V -45to5V = Opencircuitfaultzone

The driver swtiches the ignitionon:

- The computer reads 1.96 V; 1.96 < 254V (throttle cl_?_sed at 125 steps)
The computer takes these values of 1.96V, thus 1.96 T 1.96 = 3.92 V. It

therefore has a minimum effective stroke of 100 steps between 1.96V
(throttle closed) and 3,92 V (throttle open).

- Thedriver pressesthe accelerator pedal and the computer receives a
voltage of 4.47 V; 4.47V > 4.41 V (throttle open at 255 steps);

The computer takes the value of 4.47 V as being thatof the actual
‘throttle open' position. The effective stroke istherefore now between
1.96 V (throttle closed) and 4.47 V (throttle open). Now, 4.47 -1.96 =
2.51 V, which gives 128 steps at 0.0196 V per step. The computer

therefore has available a usable effective stroke of 128 steps instead of
100 steps.

The effective stroke will be increased once again if:

- The computer receivesavolta?e of4.47 < U < 45 (thedriver had not
openedthethrottle completely [pedal fully down] the firsttime).

- The computer receives a voltage 06 < U < 1.96 (the driver had opened

thethrottle slightly by pressing the accelerator pedal when he switched
the ignition on).

It can be concludedthatthe number of steps of the effective stroke can be
greater than 100 every time the slidervoltage approached 0.6 Vinone
direction or the other. However, if the voltage exceedsthe 0.6 V threshold
orthe 45 Vthreshold, the fualt zones are entered.
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BRAKING PRESSURE SENSOR

Thisis a pressure switch is closed a rest

3
¢ B12 Bll

It is closedfor a braking pressure = 35 bar and openfor a braking
pressure > 35 bar.

NI

Em-ces oM

The computer reads the electrical signalatitsterminalN 11 :
If P < 35 bar > earth signal,

If P > 35 bar > "Open™-- 5V.

BODY MOVEMENT SENSOR

1- Role

Allows the computerto define the average height of the body and
the movements of the suspension.

2 - Constitution
It consists of a double optoelectronic sensor of the same design as
the steering wheel sensor; however, the phonic wheelis replaced

by aphonicring with 45 teeth. The two optical elements are offset
by a 1/4 of a step (phase quadrature).

Parts list

I - Emitters
2 - Receivers

3 - Phonicring




3- Operation
*
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The operating principle isthe same as that of the steering wheel
sensor. Inthe case of the body movement sensor, when atooth of
the ring breaks the light beam, the correspondingtransistoris
blocked. At the corresponding terminal on the computer, 5.7 V is
measured since it is "open". When a gap of the ring allowsthe
light beam past, the corresponding transistor is unblocked and

connectsthe corresponding computer terminal to earth — a
voltage of approximately 0 Vis measured.

In this case, the sensor is supplied with + 12V after ignition.
The ring is connected by system of small connecting rodsto the
frontanti-rollbar. The rotation of the anti-roll bar causes the rina
to turn and the rotation is detected by the optical element.

4 - Characteristics
Maximum movement: 180 mm — 30 steps
Therefore 1 step = 6 mm

1 step = 2°—= 180 mm = 60°
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5- Processing of the signal by the computer

a)

Therefore, it canbe deduced that : Have = | Have-1 + A

Work performed by the computer
e Interpretsthe signals from the sensor (humber of steps)

e Determinesthe direction of rotation of the ring (leading
or trailing)

e Calculates the displacementspeed
e Determinesthe average height (Have) and updates it

e Calculatesthe movementby the difference withthe
average height

° Cor'1_1pares the movement values found with the switching
to firm thresholds of the suspension

‘e Controls, or not, switching of the suspensiontothe

"firm" state
Determining the number of steps P

The body movement sensor operatesin the same way as
the steering wheel sensor, therefore it determinesthe
coded steps and the direction of rotation inthe same
manner. -

The phonic ring has 45 teeth, the precision is 2° per step (360)
45 x 4

Determining the average position

The average height isthe average of the signalsfromthe
sensor in both directions.

Itis updated every 120 ns.

The updating formulais asfollows :

Have = 1 (Hinstantaneous) + 31
(Have already calculated = Have = 1) 32 32

Putting A = Have - 1 - Hinst = difference between average
height already calculated and the current height
(instantaneous) — Hinst = Have-1 + A,

32
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G- THE DOORS AND TAILGATE

The aim of the door or tailgate switches isto provide an earth
signalto the computer or not.

They are used for the anti-jolt function which will be discussed
later. The earthécilgnal is present when one of the doors or the
tailgate is opened.

Contacts open, a voltage of 12 V is measured at terminals B6 and
B7. :

COMPUTER

B8 B7

Tailgate switch

Door switches



IV - STRATEGIES FOR SWITCHING TO FIRM

A- PRINCIPLE - ELECTROVALVE CONTROL

Normally, the suspensionis "'supple” (three spheres per axle) ; the
computer switchesto "firm" (two spheres per axle) via one of the
following parameters:

e Steeringwheelangle )

steeringwheel sensor
e Steeringwheel speed)

e Amplitude of vertical movementin both directions — body
movement sensor .

e Braking— brake sensor

e Speed the accelerator pedal is being pressed or lifted — pedal
sensor

All these parameters are a function of the vehicle speed, and allow
thetransversal, longitudinal or vertical accelerationsof the vehicle
to be determined by anticipation or reaction.

Control loaic of electrovalves

The two electrovalves are always controlled atthe sametime :
Supple suspension — they are energised
Firm suspension +they arenotenergised

Note:  Therear electrovalve mustbe controlled 10 ms max after
the front efectrovalve.
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B- SWITCHING TO FIRM IN ANTICIPATION
1- Steering wheel
a) Using the angle of rotation

The vehicle speed must have exceeded 30 km/h once and

the angle must be greamr then a limit which is a function
of the vehicle speed.

The suspension will return to soft when the steerin
yln.rli.egl angle becomes less than a limit value and after a
.2 5 timer.

Note:

In the sport position, each limit for switching to firm is
divided by 1.5 and the timer for returning to soft is
multiplied by 1.3.

STEERING WHEEL ANGLE LIMITS
(Normal position)

817

FIRM

g

Steering 1
wheel 13 L 149
angle 11
(degrees)

g 7

P

20 13

L 10
34| 40 30 b0 lsafro [0 oo | 120 | 140| 159 180 |
40 80 120 160 200 240

Vehicle speed (km/h)

40

3 31
2

1

1]

It should be noted that the higher the speed, the lower
the limit for switching to firm (inverse relationship).



Speed Normal Sport
0—33 B17 545
34— 139 184 123
40— 49 119 79
50— 59 87 58
60— 68 n a7
69— 78 58 39
79— 89 45 30
90— 99 39 26
100— 119 33 22
120— 139 26 17
140 — 158 20 13
159179 13 9
180 — 255 10

b) Usingthe angular speed of the steering wheel

The turning speed must be greater than alimitwhichis a
function otthe vehicle speed.

The suspensionwill returnto soft whenthe steering

wheel speed becomes less than a limit value and after a
14 stimer.

Note:

Inthe sport position, eachlimit for switchingto firmis
divided by 15 andthetimer for returning tosoftis
multiplied by 1.3.
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STEERING WHEEL ANGLE LIMITS
(Normal position)

1605 !
:
]
'
600 — |
]
1235 FIRM
500 [—
400 —
Steering Fll
wheel
angle
(degreesss) 300 |—
200_—
sr:)‘T
100
=8 3 . 22 20
0 24| 30 40 B0 |BO(69 |79 30 Im_lﬁﬂ b -_J:a%__ugg
40 80 120 160 200 240
h Vehicle speed (km/h)

It should be noted that the higher the speed, the lower the limit for
switching to firm (inverse relationship).

Vitesse Normal Sport
023 1605 1070
2429 235 357
30 -39 401 267
40— 49 246 164
50 — 59 178 119
60 — 68 114 76
69 —-78 a2 55
79 — B9 64 43
90 — 99 53 35
100 —=119 43 29
120 — 139 33 22
140 — 158 25 17
159 — 179 22 17
180 —+ 255 20 13




Specific case of steering wheel centring

Through experience, it has been realised that the steering wheel
always returnsto the straight line ﬁosition quickerthan when it
moves to the turning position, without it being necessaryto switch
tofirmto stabilisethe vehicle. Thus, the limits for switchingto
firm on the steering wheel return are higher than when turning,
and overshooting the straight line position, which always happens,
s also filtered.

The limits for switching to firm based on speed are multiplied bg
two during the phase when the steeringwheelis returningt o the
straight line Fosition and for a possible maximum overshoot of 179,
The straight line position is said to have been overshotwhenthe
steerng wheel passes throughthis point at a speed greater than
130 per second. If, when returning the steering wheeltothe
straight line position, alimit for switching to firm is exceeded, the
soft state will be reinstated when the value becomes less than this
limit and after a one second timer.

O ~ Note:
If the time for switching to firm using the steering wheel
angle is greater than 120 s, the computer returnsto the
soft state and will reinitialisethe straight line position.

The straight line position will not be reinitialised if a
speed sensor fault is validated.



2- Accelerator pedal

After the ignition has been switched on, the vehicle speed must
have exceeded S kmlh once in order to switchtothe firm state.

If the rate of change of the accelerator pedal is greater than a limit

whichis a function of thevehicle speed, the suspensionwill switch
tothe'firm' sate for:

o L2sifthevehiclespeed < 140km/h )  pedalreleased or
e 1sifthevehicle speed > 140km/h )  pressed down

The limits for switchingto firm are differentdepending on
whether the accelerator pedal is being pressed down or released.

Note: Inthe sport position, each limit for switchingto firmis

divided by 1.5 and the timer for returningto softis
multipliedby 1.3.

It should be noted thatthe higher the speed, the higher the limit
for switchingto firm (parallel relationship).

ACCELERATORLIMITS (PRESSING DOWN)
(Normal position)

1 11

10

FIRM

=
|
=l

(=41
I
o

Accelerator 5
5

speed
(steps/32ms)

SOFT

1# 3+ 5+ ‘.-'54 114 115 | 200

(1]

40 80 120 160 200 240
Vehiclespeed (kmlh)
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Vitesse Normal Sport
0— 14 2 1,3
15-33 3 2
34— 49 4 2,6
50— 78 5 3,3
79— 113 6 4
114— 149 7 4,6
150 — 199 8 5,3
200 — 255 11 7.3
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ACCELERATOR LIMITS (RELEASING)
(Normal position)

14
13
12 12
1L FIRM
wl 0 10
g L
gL 8
1L 7
Accelerator
speed 6L b
(steps/32ms)
5 55
4 SOFT
Ik
2 L.
1k
0 38 6§ 114 169 200
40 80 120 160 200 240
Vehicle speed (km/h)

It should be noted that, above 34 km/h, the higherthe speed, the higher
thelimit for switching to firm (parallel realtionship)

Speed Normal Sport
033 10 6.6
34— 64 6 4
65— 113 7 4.6
114 — 168 8 53
169 — 199 10 6.6
200 — 255 12 8




Considering the vehicle acceleration

If, after a switchto firm caused by the accelerator, the acceleration or
deceleration of the vehicle is greater than four pulsesin 512 ms (= 1/2 per
second), the firm position is maintained for the whole time during which
the limitis exceeded (3 pulses in 512 ms) with a minimum duration of 0.8
seconds.

Example:

The vehicleis travelling at 36 km/h, which correspondst o 50 pulses per
second and 25 pulses1500 ms. If,during the next 500 ms, the speed sensor
sends 28 pulses (3 additional pulses), the vehicle isten travelling at:

36 x 28 km/h 40.32 km
25

in other words, 43 km/h more than before. Therefore, in one second, the
vehicle has accelerated by4.3x 2 = 8.6 km/h. Thisisnot sufficient to
maintain the firm position; the computer would have had to receive more
than 28 pulses inthe next 500 ms.

Reminder:

One pulse per second = 0.72 km/h therefore 1/2 pulsein 500 ms. Therefore
one pulsein500 ms = 2x 072 = 144 km/h.
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e Thesuspension is not switched to firm if the amount the pedal
is pressed down {throttle opened) is in the minimum pedal
position zone - minimum pedal position + 15 stepsso as to
compensate for mechanical play. -

e The limits for switching to firm are multipled by 17 when
pressing down or releasing the pedal from the moment when
the rate of change of the pedal is in the 10% zone of the

mechanical stroke (15 steps + 10% from the pedal minimum
position). ‘

Dynamic body anti-jump

When a switch to firm is triggered by the accelerator being
pressed down whilst the vehicle speed is zero, the firm state if
maintained for a time of 3.5s, which can be reset. If, whilst
this timer is decrementing the vehicle speed becomes non-

zero, a 1.2s timer which maintians the firm state replaces the
3.5s timer.

3- Braking

If the vehicle speed is greater than 24 km/h, the suspension will

sbwitch to the 'firm' state for a braking pressure greater then 35
ar. -

The suspension will return to the soft state when the pressure
becomes less than 35 bar and after a one second timer.

Note: Inthe sport position, the timer for teturning to softis
multiplied by 1.3, |
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C- SWITCHING TO FIRM BY REACTION
Body movement
The vehicle speed must be greater than 10 km/h and the
movement (attach or release) mustbe greater than alimitas a
function of the vehicle speed.
The limits are different depending on whether the movementisin
the 'attach'direction or the release' direction.
The suspension will returnto the soft state when the amplitude of
the movementislessthanalimit value and after a08s timer.
Note
In the sport position, the limits for switchingtofirmaswellasthe
timer remain unchanged.
BODY MOVEMENT LIMITS (ATTACK)
(Normal position)
90
84
30 -
or FIRM
60
54
50 48
Front 42
suspension 40
movement _36
(mm)
0r SOFT
20
10
10 90 130 180
: 0
a0 an 120 160 200 240

Vehicle speed (km/h)



BODY MOVEMENT LIMITS (RELEASE)
(Normal position)

60

60 B0
A= 48 FIRM
42
40 |-
36
Front 30—
suspension
movement
{mm)
20 =
SOFT
10 =
. 1l.'|| 40 110 150
40 380 120 160 200 240

It can be seenthat the higher the vehicle speed, the lower the limit for
switching to firm (inverserelationship)where this applies to both attack

Vehicle speed (km/h)

and release.
Speed Normal Sport
0—9 Soft Soft
10— 39 B4 60
40 — 89 54 48
90— 109 48 48
110 — 129 48 42
130 — 149 42 42
150 — 179 a2 36
180 — 36 36




Features

Wheel impacts

If the movement speed is greater than 03 m/s, the limits take the value of
60 mm for 04 seconds.

Uneven roads

If the limits take the value of 60 mm for 04 seconds, and if this occurs more
thanthree times in three seconds, the limits takes the value of 60 mm for
the nexttwo seconds.

The wheel impact and unevenroad functions are not applied:
If - vehiclespeed > 159 km/h
- the steeringwheel angle is greater than half the 'firm'
limitfor the steering wheelangle atthe considered
speed.
Example:  Thevehicleistravelling at 120 km/h

The limitfor switchingto firm on steering wheel angle is 260 438 = 130
Therefore, if a steering wheel < 13 = wheel impact and uneven road
functionapplied (at 1200in attack, the limit of 48 mm changesto 60 mm).
If a steering wheel > 130= wheelimpact and uneven road inhibited.

It should be noted thatinthe 'SPORT position, the unevenroad function
does not exist.

The 60 mm limitis measured with respectto a second average height ki
This isthe average of averages. Itis updated every 500 ms as follows:

H'ave = Havet + é_zwith H'ave-1 = average of the averages already calculated

D- SELECTED'SPORT MODE®

The 'SPORT position does not permanentlyimposethe firm
position.

® Limitslowered by 33%. They aredivided by 15 for the
steering wheelangle, steering wheel speed and accelerator

pedal speed.

® Timers extended by 30%: they are multiplied by 1.3 for the

steeringwheel angle, steering wheel speed, accelerator pedal
speed and brake.

® The'unevenroad' strategy is cancelled for the body
movement sensor.
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V- VEHICLE ANTIJOLT

A-

B-

VEHICLE LEVELLING

We have seen that when the supply to the computer is cut, the
suspensionis in the "Firm" position (U electrovalve = 0).
Therefore the additional sphereis isolated.

If the pressure in the main spheres varies (passengers getting in or

out, loading or unloading) a pressure difference with respect to
the additional sphere appears.

Whenthe ignition is switched on, as the additional sphere is
connectedto the circuit, the pressure difference translates as a
influx (P additional > P main) or a reflux (P additional < P main)
of fluid in the suspension cylinders, which suddenly altersthe ride
height of the vehicle, and causes the vehicle to jump.

ROLE

The aim of this system is to balance the pressures in the circuits
by energising the computer when a door or the tailgate is
opened for a period limited to ten minutes and timing the
supply for thirty seconds when the doors or tailgate are

closed; the thirty secondtimer is also activated, doors and
tailgate closed, when the ignition is switched off.

Note : If the hydraulic pressureis not sufficient, the
additional sphere remains isolated, which, whenthe
engineis switched on, can cause a slight jolt.

Note: Theantijolt functionisintegratedinto the
compulter.
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c- SUMMARY OF OPERATION

+ Ignition —

Door

contact

Electrovalve
control

+ Ignition =

Door

contact

t > 10mins

Electrovalve j

control

a0s _ 10 mins

—_—

VI- OPERATING SAFETY

A -

SWITCHING ON THE IGNITION
Whenthe ignitionis switched on, the computer reinitialises the
microprocessors. Everytime the computer Is energised, allthe

tested elements are presumedto be intheir normaloperating
state — all fault counters are resett o zero.

INITIALISING THE COMPUTER WHEN THE IGNITION IS
SWITCHED ON

Whentheignitionis switched on, the computer checks::
e The presence of the actuators : line continuity

e Itsown circuits

e Thelack of abnormal developmentinthe counters, registers,
efc...



thenit:
e Reinitialises the counters, registers, etc...

e llluminatesthe centralwarning lightfor three seconds or
causes it to flash for tenseconds ata frequency of 1 Hz if a
fault is memorised.

SELECTING THE DATA TABLES

The computer has in its memory the tables of parameters for all
the vehicles which can be fitted with hydractive suspension.

When initialised, the computer reads a code whichtellsit which
table of parameters it should use.

If this code does not exist or is wrong, the computer systematically
choosesthe table of parameters of the XANTIA vehicle and
switches the warning light on permanently.

WATCHDOG

The computer permanently checksthatits internal programme is
functioning correctly.

REINITIALISING AT A NON-ZERO SPED

The computer will be exceptionally reinitialised if an unforeseen
disturbance occurs causing the vehicleto switchto the safety
mode :

Suspensionin the "firm" state for as long as the straightline has
notbeen validated over 200 metres if the speed of the vehicleis

greater than 40 km/h and the warning lightisilluminated for
three seconds.



AUTO-DIAGNOSTIC

GENERAL

The auto-diagnostic has been designed with the aim of improving
reliability and preserving automatic operating for aslong as possible.

Where it isimpossibleto control the electrovalves (computer broken,
electrovalve connector disconnected, supply voltage too low), the
suspensionisinthe "firm" state hydraulically. On the other hand, for
sensor faults, the suspensionis maintained inthe "supple" position.

A - DETECTING

1- Steeringwheel, accelerator sensors, electrovalves, computer

There are two types of diagnostic :

° By coherence of the signals between themselves.

° By electrical measurement, allowing sensor and
actuator supply faults to be detected quickly
especially for disconnected connectorsand
connectors with microscopic breaks.

2- Body movement and vehicle speed sensors, brake pressure
switch

Only diagnostic through coherenceis applied.

B- DOWNGRADED MODES

1- Steeringwheel, body movementand accelerator sensors,
brake pressure switch

The fault sensor is excluded from the system, but automatic
operation is maintained-Therefore, comfort is maintained.

2 - Vehicle speed sensor

Emergency speed strategy = 100 km/h is used whenthe fault
is validated.



3.

Electrovalves

The two electrovalves switch to the "firm" position.

4 -

Computer

Attemptsto reinitialisethe computer result in the suspension
switching to firm for a few seconds.

MEMORISING FAULT GODES

Faults are stored in a non-volatile EEPROM memory (faults are
not erased when the battery is disconnected).

CHECKING THE SYSTEM

An after-salestest unit and the suspension computer can be
connectedintwo different ways :

m

Slow rate with coded signals with the OUT 4097 Tor OUT
4120 Ttools

Fast rate by serial link tothe ELIT
By coded signals

This type of test allows fault codesto be read and erased.
To carry out this_test, the vehicle must be stationary (0
km/h) and the ignition must be on.

By seriallink

This test can be carried out with the ignition on at any
vehicle speed.

Posssibilities available:

e Reading temporary and confirmed faults - Erasing
memorised faults

The notion of a temporary fault allows a faultto be
displayed as soon as it has been detected by the
computer and even before it has been confirmed.
This therefore facilitates fault location.

m  Dynamic analysis of the hydractive operation
Controlling the actuators and warning lights

Approximately every 100 ms, the computer transmits
the status of its inputs and outputs: Status of the
door switches, NORMAL/SPORT switch, warning

lights, brake pressure switch,... as well asthe operting



Earameters: steering wheel angle, vehicle speed,
attery voltage....

With the behicle stopped, the tester canforce the
computerto operate an electrovalve and a warning
light.

These two functionstherefore aloow a complte
functionaltest of the suspension systemto be carried
outwithout havingto work onthe vehicle wiring
loom. This test can be static or dynamic.

Computer identification

This gives the hardware and software versions, the
computer parameters and its serial numbers.

Loadingthe parametertable selection code remotely

01/93 — XANTIA vehicle hydractive computer fitted
to XM vehicles.

The only difference between the two applicationsis
the setting parameters (laws for switching to firm,
diagnostic parameters, constructive parameters).

For ease of uses, only one computer is used which has
two tables of parametersinits memoryfor the
XANTIA and XM. There is a single PSA referencein
the factory and the table of paramtersto be used is
chosen on the assembly line by loading a code
remotely using a tester connectedto the computer
via a serial link.

If an error occurs (code not transmitted or wrong
value), the computer chooses table No1 (XANTIA) by

defaults.
Note:

At present, there is a specific hydractive computer for
Diesel XM vehicles fitted with the DK5 ATE engine.



EMERGENCY

FAULT
CODE ELE STRATEGY
FUNCTION DIAG, | ANOMALY | DETECTIONSTRATEGY | C. | LESTBY | vALIDATION | EMERGENCY | ANNULLED OR
WITH DETECTED TES COHERENCE STRATEGY VALID.
CODED T COUNTER
SIGNALS FAULT
SUPPLY + battery 53 Ub < 11Vfor2s 60 suspension w%i}ﬁitﬁsﬁy e
or earth bat}(ﬁ‘%’ voltage ™ Ub > 16.5Vfor2s | X 1 firm .8V 16V
outside range +0.5Vfor2s
microscopic Electrovalve control -
supply incoherance < 10ms | X ? suspension att:eetifutnec\t]er
breakage during full voltage firm ;%s ’
control of 500 ms
(Front EV) .
ELECTROVALVE 3N Electrovalve control X 2 Suspension relaunch
incoherence for 500 ms firm atten%ptevery
Os

(Rear EV)
32
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E%UDLI'EF EMERGENCY
FU - STRATEGY
e DIAG. | ANOMALY | DETECTIONSTRATEGY |ELEC.| L+3037 | VALIDATION | EMERGENCY | ANNULLED OR
WITH DETECTED TEST STRATEGY VALID
CODED COHERENCE -
COUNTER
SIGNALS - FAULT
| measured > | ref max retmin <dl
o - : : measure
’s ngtegglrrkci%'; Imeasurfed <lrefmin | X 4 | measured < |
STEERING short circuited ar2s ref max then
straight line
WHEEL . automatic acquistion
if Veh Sp < 100 km/h suspension
after ignition, st. wheel st, wheel angle
angle = 6.4°for 1 kmor X 3 measured >
having had a st. wheel 6.4° then
angle > 6.4° once: straightline
st. wheel angle = 6.4° acquistion
for3 km
if V> 100 km/h, no
detection
open circuit | F=1accel>15% for 10s switch closed
PRESSURE 21 speed > 30 km/h X 5 for 10s (F=0}
SWITCH accg%%llfjult automatic |-
short arcuit speed > 30 km/h suspension switch open
no brake info X 5 and decel. of
0.1gin1.5s

3 decelsof 0.46gin 1.5s




FAULT

: EMERGENCY
COoD STRATEGY
"Testen. | DIAG. | Anomaty | oetecrionsTRaTeGY [Etec.| IESTBY lvaupartion | emERGENCY | ANNULLED OR
' WITH DETECTED TEST COHERENCE STRATEGY VALID.
CODED COUNTER
SIGNALS FAULT
link in open accel > 15%
circuit or short and no spped signal X 5 .
circuit for30s V=100 km/h | signal return
VEHICLE 24 speed drop of 30 km/n coherent for
SPEED in 512 ms (V > 30 km/h). 20s
sensor broken V<5 km/h for 28s X 1
following drop and
accel >15%
open circuit | speed >30 km/h and no automatic movement
BODY broken transitioninthe 5s X 5 suspension angle
MOVEMENT 25 short circuited following the brake measured >2
switch signal steps
ACCELERATOR 22 open circuit Vsignal >V ref max 10 automatic signal return
Vsignal< Vref min X suspension | within range
for2s for20s
_______________ Shortcircuit | 3

sig nal return

* within range

for 20 s and
speed = MPH




1

FC%UDLT EMERGENCY
E STRATEGY
il DIAG. | ANOMALY | DETECTIONSTRATEGY [ELEC.| [F2T2Y | VALIDATION [EMERGENCY | ANNULLED OR
WITH DETECTED TEST | -OHERENCE STRATEGY VALID.
CODED COUNTER
SIGNALS FAULT
prog or ip internal watchdog reset Ip.
fault X 10 firm susp.
, ’ if V>40 km/h
EEPROM EEprom "Check sum” ' tfunction
memory fault | test + EEPROM erasure X 1 normal where
+ read/write test possible
COMPUTER 54 diag. line sending/receiving test Tault codes
when computer X 1 emitted by
energised warning light
tiectrovalve " Hoaw "
short circuited Electrovalves not X 1 suspension input” for2s

or open circuit

controlled

on the 2 stages




COMPUTER CONNECTIONS

WHITE CONNECTOR

1- Positive supply of front electrovalve

2 - Positive supply of rear electrovalve

5- Diagnosticline

6- Tailgate switch earth signal

7 - Door switches earth signal

8- Earth

10 - Control through earth of test light

11 - Vehicle speed information

12 - Normalrule (earth)/sport rule (“open”) signal
13 - Steeringwheel sensor -

14 - Positive supply of illumination of switch lightin sport" position
15- Earth

BLACK CONNECTOR

1- T direct

2- * direct

3 - Accelerator pedal sensor t5 V supply

4- Accelerator pedal position information (cursor output)
5- Computer + after ignition supply

9- Steering wheel sensor 2 information

10- Steeringwheel sensor + 5V supply

11 - Braking sensor signal

12 - Accelerator pedal sensor -

13 - Body movement sensor signal

14 - Body movement sensor signal

15 - Steering wheel sensor 1 information
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Ill- DASHBOARD LIGHT OPERATION

It is supplied directly onthe + after ignition side (12 V) and is
controlled on the earth side by the computer.

m

Ignition switched on — the light lights up for three
seconds

Presence of afault — the light flashes for ten seconds at a
frequency of 1 Hz when driving or whenthe ignition is
switched on after a shorter initialisation than previously
(= 1s).

If the microprocessoris faulty — light permanently on



-
!::%ULT EMERGENCY
DE STRATEGY
FUNCTION DIAG. ANOMALY | DETECTION STRATEGY |ELEC.| o) 8Y | VALIDATION [ EMERGENCY | ANNULLED OR
WITH DETECTED TEST COHERENCE STRATEGY VALID.
CODED COUNTER
SIGNALS FAULT
SUPPLY + battery 53 Ub < 11Vfor2s 60 suspension | __Lihb.-attery
battery voltage | - X s within range
or earth a A g Ub > 16,5V Tfor2s 1 11.5V-16V
sl £ 0.5V for2s
microscopic | Electrovalve control 9 _ relaunch
supply incoherance < 10ms | X- suspension | . 4iemot every
breakage during full voltage firm 30's
control of 500 ms
(Front EV) ' _
ELECTROVALVE 31 Electrovalve control X 2 Suspension relaunch
(Rear EV) incoherence for 500 ms firm attempt every
32 . 30s
)




EMERGENCY

FAULT
CODE STRATEGY
FUNCTION | paG. | ANOMALY | DETECTIONSTRATEGY [ELEC.| [i2l2Y | VALIDATION | EMERGENCY | ANNULLED OR
-WITH DETECTED TEST COHERENCE STRATEGY VALID.
CODED COUNTER
SIGNALS FAULT
I S | ref min <dl
NI measured > | ref max measure
:gte&;;rlfit#t | measured <.l ref min X 4 I measured < |
= short circuitgd for2s ref max then
STEERING straight line
WHEEL automatic acquistion
if Veh Sp < 100 km/h suspension
after ignition, st. wheel st, wheel angle
angle = 6.4°for 1kmor X 3 measured >
having had a st. wheel 6.4° then
angle > 6.4° once: straight line
st. wheel angle = 6.4° acquistion
for3km
if V> 100 km/h, no
detection
open circuit | F=1accel>15% for 10's switch closed
PRESSURE 21 speed > 30 km/h X 5 for 10s (F =0)
SWITCH a_ge_!agg%%j%% automatic
speed > m suspension switch open
short circuit no brake info X 5 and decel. of
0.1gin 1.5s

3 decelsof 0.46gin 1.58




FUNCTION

FAULT
CODE

EMERGENCY
TEST BY STRATEGY
TESTED DIAG. ANOMALY DETECTION STRATEGY | ELEC. SIGNAL VALIDATION | EMERGENCY | ANNULLED OR
WITH DETECTED TEST | cONERENCE STRATEGY VALID,
CODED COUNTER
SIGNALS FAULT
link in open accel > 15% -
circuit or short and no spped signal X 5
circuit __Jor30s V=100 km/h | signal return
VEHICLE 24 speed drop ot 30 kn/h coherent for 20
SPEED in 512 ms (V > 30 km/h). s
sensor broken V<5 km/hfor28s X 1
following drop and
accel >15%
open circuit | speed>30 km/h and no automatic movement
BODY broken transitioninthe5s X 5 suspension angle
MOVEMENT 25 short circuited following the brake measured >2
switch signal steps
ACCELERATOR 22 open circuit Vsignal >V ref max 10 automatic signal return
broken short Vsignal< V ref min X suspension | . within range
circuited ' for2s for20s
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’E‘“&U[:-E EMERGENCY
FUNCTION STRATEGY
Lol DIAG. | ANOMALY | DETECTIONSTRATEGY |ELEC.| LESTBY |yalipATION |EMERGENCY | ANNULLED OR
WITH DETECTED TEST | . 2/GNAL
CODED COUNTER
SIGMNALS FAULT
prc-lfg nI; p internal watchdog i f;l‘-:set Ip.
au 10 Fm SUsSp.
if v:r-dg_gm
COMPUTER 54 EEFROM EEprom " Check sum function
memory fault | test + EEPROM erasure X 1 normal where
+ 1 ossible
diag. line sen ?:;: ecewr:‘?e test ’ fault :Ed I::s
en computer emitte
; energised X warning light
!_I:f.::mntr::ﬁl1|III s:&;‘ee HSHMI_E:}: lznip ut” test firm "Status”
ort circuited 1 suspension "Input” for2s
or open circuit E“?;::ﬂﬁ':’amt X on the 2 stages
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