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PREFACE

The equipment linking a vehi-
cle’s body to the ground is of
fundamental importance for
the safety and comfort of its
occupants. And from the ear-
liest sedan chair — when run-
ning gear was most aptly
named — to the Formula 1 rac-
ing car, automotive engineers
have constantly sought to find
ways of improving suspen-
sion.

Citroén has a long-standing
involvement in this area of ve-
hicle design, and the exten-
sive research the firm has led
— particularly since the days
of the Traction Avant — has
brought many tangible re-
sults. Indeed, progress in the
field of suspension has be-
come a sort of technical tradi-
tion and the standard-bearer
of Citroén’s pioneering image.
Applying the discoveries of
two 17th century scientists —
Blaise Pascal, who proved
that a fluid transmits external
pressure equally in all direc-
tions, and Edme Mariotte,
who demonstrated that the
volume of a gas times its pres-
sure is constant at fixed tem-

perature — Gitroén engineers
were able to meet two for-
merly contradictory objec-
tives: comfort and road hold-
ing capacity. The launch of the
DS marked a significant mile-
stone in the history of suspen-
sion. Rather than relying sol-
ely on mechanical systems,
Citroén's DS also applied the
laws of fluid mechanics to
achieve maximum spring, gen-
tle damping and constant
ground clearance irrespective
of vehicle payload.

Almost immediately after-
wards, in the 1950s, Citroén
filed a patent for a suspension
system that used radar to de-
tect irregularities on the
ground. This was the first step
towards “intelligent” suspen-
sion, where running gear is
capable of reacting automati-
cally to changes in road sur-
faces. Today, Citroén’s micro-
processor-controlled hydrau-
lic suspension system, which
relies on sensors installed at
different points on the vehicle,
can optimize automotive sus-
pension and has opened a new
chapter in the history of the
automobile, where technology
serves the dual ends of safety
and comfort.

Jacques Wolgensinger.

GB



CONTENTS
PREFACE 1
AUTOMOBILE SUSPENSION 3

Basic definitions
A difficult compromise

HYDRAULIC SUSPENSION 5
Laws of fluid mechanics

How hydraulic suspension works

A new chapter

HYDRACTIVE SUSPENSION 7

Two suspension modes

Basic principles

On-board computer and sensors
Anticipating the vehicle’s reactions
Three spheres and four dampers
Modular suspension system
Hydraulic functions

Firm system

Soft system

Electronic control

Sensors

Manual mode selection

Front suspension

CONCLUSION 19




—

AUTOMOBILE
SUSPENSION

The basic functions of auto-
mobile suspension are as fol-
lows:

— allowing the wheels to fol-
low ground relief without
transmitting excessive strain
to the body;

— ensuring the wheels remain
in contact with the ground;

— minimizing movements of
the suspended assembly, and
particularly the passenger
compartment.

Suspension basically involves
the combined action of springs
and dampers.

Basic definitions

In order to absorb or reduce
shocks and vibration caused
by irregularities of the surface
on which the car is moving, a
spring or elastic assembly
must be fitted between the
wheel and the body.

In order to ensure that these
shocks and vibrations are ab-
sorbed effectively, the suspen-
sion must be highly flexible.
But irregularities tend to
make the wheels jump off the
road surface and to cause the
vehicle to rock —and this rock-
ing has a negative effect on
road holding. The softer the
springs are, the more pro-
nounced this rocking will be,
and it is the damper’s role to
control the rocking motion.
The damper has a dual objec-
Live: to overcome the rocking

motion of the body, and to
keep the wheels in contact
with the ground.

The spring-damper assembly
forms the basis of all suspen-
sion systems, and the charac-
teristics of this assembly de-
termine the quality of the sus-
pension system.

The two basic parameters in a
suspension system are the
natural frequency of the sus-
pension unit on the one hand,
and damping efficiency on the
other. Natural frequency de-
pends on the rigidity of the
elastic assembly (spring or
column of gas) linking the sus-
pension unit to the body, and
on the weight of the sus-
pended assembly (i.e., every-
thing except the suspension
units and the wheels).

A difficult compromise

The most comfortable ride is
achieved with soft suspension
and gentle damping, while
maximum road holding capa-
city is obtained with firmer
suspension and heavier damp-
ing.

Traditional suspension sys-
tems cannot balance these
two requirements dynami-
cally, and designers are thus
faced with a choice. However
cleverly they may be en-
gineered, traditional suspen-
sion systems are a com-
promise. Electronically con-
trolled hydraulic suspension,
on the other hand, constantly
optimizes spring and damping
in line with road conditions
and driving style.
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Hydraulic suspension
Principle of operation

1. Suspension arm

2. Piston

3. Cylinder

4. Sphere

HYDRAULIC
SUSPENSION

In hydraulic suspension, tradi-
tional mechanical springs are
replaced by two fluids: mi-
neral oil and nitrogen gas.

Laws of fluid mechanics

The behaviour of gases and
liquids are governed by the fol-
lowing laws: '

— Pascal’s law: fluids at rest
integrally transmit externally
applied pressure equally in all
directions;

— Mariotte’s law: the product
of the volume of a gas times

its pressure is constant at
fixed temperature, i.e., P X V
= K (constant);

— Laplace’s equation: in fluid
dynamics, when the tempera-
ture of a gas varies, P x V¥ =
K (constant), where vy is a
coefficient for a given gas (y
= 1.4 for nitrogen).

How hydraulic
suspension works

In hydraulic suspension, elas-
ticity is provided by a gas, and
gas pressure varies in propor-
tion to the load applied. The
liquid (which, like all liquids,
is incompressible) forms the
interface between the gas and
the moving parts on the sus-
pension unit.

Each wheel is independent
and is linked to the body by a
suspension arm (1). A piston
(2) fixed to this suspension
arm moves inside a cylinder
(3) and transmits energy
through a membrane o a lig-
uid. The liquid in turn com-
presses a constant mass of
gas contained in a steel
sphere (4).

The mass of gas in the sphere
does not vary, and the flexibi-
lity of this pneumatic spring is
proportional to its pressure
and its volume (P X VY = K).

Hydraulic suspension allows
for greater flexibility and con-
stant ground clearance under
all loads. An automatic com-
pensation device varies the
volume of liquid to keep the
height of the vehicle constant
when the vehicle's payload
changes.

Damping is achieved by allow-
ing a carefully measured vol-
ume of liquid to escape
through orifices fitted with
valves that open and close

progressively according to the
pressure in the liquid. The
more sudden the movement of
the road wheel is, the more
pronounced will be the brak-
ing effect on the movement of
the liquid. The damper system
is installed between the cylin-
der and the sphere.

A new chapter

Hydraulic suspension can be
considered partially “active”
since it relies on an external
energy source to adjust cer-
tain parameters. The system
provides excellent vertical
comfort and high-quality dy-
namic behaviour of the vehi-
cle.

As the market becomes more
and more demanding — par-
ticularly in terms of body sta-
bility and vehicle behaviour
during cornering — Gitroén
has now crossed a new fron-
tier in hydraulic suspension.
The findings of recent R & D
work into active systems and
the latest possibilities of ad-
vanced electronics have now
allowed the firm to take its
new concepts into the indus-
trial phase.



Hydractive suspension
Basic principles
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Hydractive suspension
Basic principles

Firm mode
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HYDRACTIVE
SUSPENSION

The ideal automobile suspen-
sion system would be “intelli-
gent”, that is, capable of con-
stantly taking external condi-
tions and driver behaviour
into account to optimize com-
fort and driving pleasure at
the same time as enhancing
road holding capacity and in-
creasing active safety.

Two suspension modes

Through the association of
two technologies — high-pres-
sure hydraulics and on-board
electronics — Citroén has de-
veloped a smart suspension
system that reconciles all
these goals. The hydractive
suspension of the new Gitroén
XM offers two suspension
modes:

e Soft mode offers optimum
comfort and driving pleasure,
and is selected for an average
of 85% of total driving time.
In soft mode, suspension is
highly flexible and damping is
low, thereby insulating the
passengers from shocks and
vibrations caused by the road
surface.

e I'irm mode guarantees top-
quality road behaviour and
maximum active safety, and is
selected for an average of 15%
of total driving time. In firm
mode, the suspension is less
flexible and the level of damp-
ing is higher, thereby reducing
the negative effects of roll (1),
pitch (2), yaw (3), pumping
(4) and bottoming (5) on
rough road surfaces.

Basic principles

Diagrams show a hydraulic
suspension unit with sphere B

‘and damper B. When flexibil-

ity is raised by increasing the
volume of nitrogen, and damp-
ing is reduced by allowing oil
to escape through both
orifices, soft mode is
achieved.

To achieve firm mode, a reg-
ulator isolates damper B. The
volume of nitrogen is reduced,
flexibility falls, and oil es-
capes through a single orifice,
which increases the damping
effect.

On-board computer
and sensors

Hydractive suspension is con-
trolled by a microprocessor,
which instantly and automati-
cally adjusts suspension set-
tings (soft or firm) in order to
anticipate the vehicle’s reac-
tions to driver behaviour and
road conditions.

This on-board computer is
connected to five sensors and
uses the data it receives from

(1) Roll: rotational or oscillatory
movement of the suspended assembly
of a vehicle aboul a longitudinal axis
through the body.

(2) Pitch: rising and falling motion of
the suspended assembly about a
transverse axis.

(3) Yaw: rotational or oscillatory
movement of a vehicle around a verti-
cal axis passing through its centre of
gravity.

(4) Pumping: vertical movement of
the suspended assembly.

(5) Bottoming: sudden contact with a
fixed point.
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