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AUTOMOTIVE SUSPENSION WITH SPRING-SHOCK ABSORBER ASSEMBLY

RESPONSE CONTROL

TECHNICAL FIELD

The present invention relates +to an automotive
suspension.

BACKGROUND ART

High-performance sports cars currently feature four
independent suspensions, which are normally of the "four-
link" type for compactness and good road performance.

A four-link suspension connects a Qheel hub to the
car frame, and comprises a wheel hub supporting member
connected /mechanically to the car frame to move
substantially vertically with respect to the frame.

Vertical movement of +the supporting member is
opposed by a spring-shock absorber assembly fixed on one
side to the car frame, and connected mechanically on the
other side to the supporting member by connecting means
of given geometry.

The geometry of the connecting means determines a
suspension ratio, which defines the ratio between
vertical movement of the supporting member and a

corresponding variation in the length of the spring-shock
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absorber assembly, and is either constant or variable
along the travel of the spring-shock absorber assembly,
depending on the geometry of the connecting means.

The response characteristics of the spring-shock
absorber assembly are normally constant, and constitute a
trade-off between optimum dynamic performance of the car
and an adequate degree of passenger comfort.

In an attempt to adapt response of the spring-shock
absorber assembly to current driving conditions,
electronically controlled shock absorbers have Dbeen
proposed to vary damping performance of the shock
absorbers, and which provide for reduced damping in
racing or extreme conditions (e.g. as when Dbraking
sharply) and increased damping in normal on-road driving
conditions.

Suspension performance adjustment using
electronically controlled shock absorbers, however, is
limited, on account of failure to make any adjustment
whatsoever in response of the springs. It has therefore
been proposed to employ air springs, as opposed to
conventional mechanical steel springs. By adjusting the
internal pressure of an air spring, it is possible to
adjust both the preload of the spring, and hence the
height of the car, and the stiffness of the air spring.

Air springs, however, have several drawbacks as
compared with conventional mechanical steel springs :
they are more expensive, bulky, and less dependable, have

a shorter working life, and, above all, are functionally
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inferior in a manner preventing use in high-performance
sports cars. Moreover, the stiffness adjustment achieved
by adjusting the internal pressure of an air spring is
fairly limited, and depends anyway on the adjustment in
height of the car.

DISCLOSURE OF INVENTION

It is an object of the present invention to provide
an automotive suspension, which is cheap and easy to
produce and, at the same time, eliminates the
aforementioned drawbacks.

According to the present invention, there is
provided an automotive suspension as claimed in Claim 1
and, preferably, in any one of the succeeding Claims
depending directly or indirectly on Claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

’A non-limiting embodiment of the present invention
will be described by way of example with reference to the
accompanying drawings, in which:

Figure 1 shows a schematic plan view of a car
featuring suspensions in accordance with the present
invention;

Figure 2 shows a schematic view in perspective, with
parts enlarged for clarity, of a suspension in accordance
with the present invention;

Figure 3 shows a schematic side view, with parts
removed for clarity, of the Figure 1 suspension.

BEST MODE FOR CARRYING OUT THE INVENTION

Number 1 in Figure 1 indicates as a whole a car
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comprising a supporting frame 2, to which four wheels 3
are connected with the interposition of respective
suspensions 4 controlled selectively and independently by
an electronic central control wunit 5 in response to
signals from a number of sensors (not shown) for
determining the driving conditions of car 1.

Car 1 comprises a front longitudinal internal
combustion engine 6 connected to the rear drive wheels 3
by a power train 7, in turn comprising a dry or oil-bath
clutch 8, which is housed in a casing integral with
engine 6 and connects an output shaft 9 of engine 6 to a
propeller shaft 10.

Shaft 10 is connected to a mechanical gearbox 11
located at the rear and connected to a differential 12,
which rotates two axle shafts 13 projecting £from
differential 12, and each fof rotating a respective rear
drive wheel 3.

As shown in Figure 2, each suspension 4 is a so-
called "four-link" type, connects a wheel hub 14 to frame
2, and comprises a supporting member 15 for supporting
wheel hub 14, which is fitted to supporting member 15 to
rotate about a respective central axis.

Supporting member 15 is connected to frame 2 by two
cranks 16, each of which is hinged to frame 2 to
oscillate, with respect to frame 2, about a substantially
horizontal hinge axis 17 parallel to axis 17 of the other
crank 16, and is connected in known manner to supporting

member 15 to permit linear movements of supporting member
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15 in a substantially vertical direction 18.

Suspension 4 also comprises a known spring-shock
absorber assembly 19, in turn comprising a shock absorber
20. Shock absorber 20 is hinged at a first end to frame 2
to oscillate, with respect to frame 2, about a hinge axis
21 substantially parallel to axes 17; is connected at a
second end to supporting member 15 by a coupling device
22 described in detail later on; and is wound with a
spring 23.

Coupling device 22 comprises a push-rod 24 connected
in known manner at a first end to supporting member 15;
and a variable-geometry crank mechanism 25 interposed
between shock absorber 20 and a second end of push-rod
24.

Crank mechanism 25 comprises a first crank 26
extending between two axes 27 and 28, of which axis é? is
the axis of rotation of crank 26 with respect to frame 2,
and axis 28 the axis of rotation of crank 26 with respect
to shock absorber 20; a second crank 29 extending between
axis 27 and an axis 30 of rotation of crank 29 with
respect to push-rod 24; and a connecting rod 31 extending
between axes 28 and 30.

Crank 26 is of variable length, as defined by an
actuating cylinder 32, which has an output rod 33 movable
between a withdrawn position and at least one extracted
position, and a longitudinal axis 34 forming an angle a
of close to 90° with a longitudinal axis 35 of shock

absorber 20, and an angle b of at least 60° with a



10

15

20

25

WO 2005/105489 PCT/EP2005/052002

longitudinal axis 36 of connecting rod 31 (Figure 3).

Operation of cylinder 32 varies the geometry of
crank mechanism 25 and therefore a suspension ratio
defined by the ratio between displacement of supporting
member 15 in direction 18, and a corresponding variation
in the length of spring-shock absorber assembly 19.

In connection with the above, it should be pointed
out that the wvertical stiffness of suspension 4 is
proportional to the relative suspension ratio, and that
the suspension ratio and, hence, the vertical stiffness
of suspension 4 increase as rod 33 moves from the
withdrawn to the extracted position, and, conversely,
decrease as rod 33 moves from the extracted to the
withdrawn position.

It is important to stress that a wvariation in the
suspension ratio of each suspension 4 also affects
damping by shock absorber 20 coaxial with spring 23. This
effect is to be considered positive, however, in that,
generally speaking, a demand for greater stiffness is
consistent with dincreased damping performance by the
system. In some cases, in fact (high-performance sports
cars), the effect may be so positive as not to warrant
the use of active or semi-active shock absorbers. Using
variable-damping shock absorbers would anyway reintroduce
a degree of freedom in varying damping performance
independently of stiffness; in which case, optimizing
suspension performance would mean integrating the control

systems of the two active systems.
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Shock absorber 20 of each suspension 4 can be
separated anyway from spring 23 to make performance of
shock absorber 20 independent of variations in vertical
stiffness.

When car 1 is running, electronic central control
unit 5 determines the driving conditions of car 1 on the
basis of the values detected by said sensors (not shown)
and on the basis of known evaluation and prediction
algorithms; and, on the basis of the driving conditions
(normally current and predicted) of car 1, electronic
central control unit 5 varies the suspension ratio, i.e.
vertical stiffness, of the four suspensions 4 to optimize
dynamic performance of car 1.

The ability to wvary the vertical stiffness of
suspensions 4 independently as a function of the driving
conditions of the car (lateral and longitudinal
acceleration, yaw speed, roll and pitch angles, etc.)
enables central control unit 5 to control actuating
cylinders 32 of suspensions 4 to prevent rolling (when
cornering) and/or pitching (when accelerating or
braking) .

For example, pitching of car 1 typically associated
with acceleration of car 1 may be greatly reduced by
increasing the stiffness of suspensions 4 of rear wheels
3; pitching of car 1 typically associated with braking of
car 1 may be greatly reduced by increasing the stiffness
of suspensions 4 of front wheels 3; and rolling of car 1

typically associated with cornering may be greatly
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reduced by increasing the stiffness of suspensions 4 of
left wheels 3 when turning left, and of right wheels 3
when turning right.

Car 1, therefore, need not be equipped with a roll
bar or other mechanical anti-roll members, the function
of which being effectively performed by dynamically
controlling the vertical stiffness of suspensions 4.

In a first embodiment, electronic central control
unit 5 controls actuating cylinder 32 of each suspension
4 at a control frequency of around 6 Hz, which is the
maximum main frequency of typical body movements of car
1.

In a further embodiment, electronic central control
unit 5 controls actuating cylinder 32 of each suspension
4 at a control frequency of around 30 Hz, which provides
for also controlling wunsprung weight movements, with
various advantages in terms of overall comfort.

It should be pointed out that, unlike other known
body control systems, electronic central control unit 5
works on the vertical stiffness, as opposed to the
height, of suspensions 4, with obvious advantages in
terms of efficiency and effectiveness.

By integrating suspensions 4 vertical stiffness-
controlled by central control wunit 5, car 1 offers
numerous advantages: a shift in trade-off towards easier
handling (car 1 is easier to handle at low speed and on
straight road; improved roll control when cornering and

pitch control when accelerating or ©braking; roll
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stiffness (front/rear, left/right) adjustment to effect
under-/oversteering performance (understeering curve and
attitude curve); improved drive by altering pitch
stiffness (front/rear) distribution; elimination of rear
stiffness effect caused by the roll bar over uneven road;
improved braking by altering pitch stiffness (front/rear)
distribution; enhanced steady aerodynamic performance by
improving control of the off-road height of car 1, and by
limiting vertical and pitch movements at high speed by
increasing front and rear stiffness; and enhanced non-
steady aerodynamic performance by improving stability by

partly recovering losses in overall stiffness.
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10
CLAIMS

1) An automotive suspension for connecting a wheel
hub (14) to a frame (2) of a car (1); the suspension
comprising a supporting member (15) for supporting the
wheel hub (14) ; first coupling means (16) for
mechanically connecting the supporting member (15) to
said frame (2) to permit movement of the supporting
member (15) with respect to the frame (2) in a
substantially vertical direction (18); a spring-shock
absorber assembly (19) fixed to said £frame (2); and
second coupling means (22) for mechanically connecting
the spring-shock absorber assembly (19) to the supporting
member (15) to oppose movement of the supporting member
(15) with respect to said frame (2) in said direction
(18) ; and the suspension being characterized in that said
second coupling means (22) are of variable geometry;
actuating means (32) Dbeing provided to selectively
control the geometry of the second coupling means (22) to
vary a suspension ratio between vertical movement of the
supporting member (15) and a corresponding variation in
length of the spring-shock absorber assembly (19).

2) An automotive suspension as claimed in Claim 1,
wherein the second coupling means (22) define a structure
having one degree of freedom regulated by the actuating
means (32). ‘

3) An automotive suspension as claimed in Claim 1 or

2, wherein said second coupling means (22) comprise at
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least two coupling members (24, 25) interposed between
the spring-shock absorber assembly (19) and the
supporting member (15); at least one said coupling member
(24, 25) being of variable length regulated by the
actuating means (32).

4) An automotive suspension as claimed in any one of
the foregoing Claims, wherein said second coupling means
(22) comprise a crank mechanism (25), and a rod (24)
interposed between the c¢crank mechanism (25) and said
supporting member (15); the crank mechanism (25) in turn
comprising a first crank (26) mounted to rotate with
respect to the frame (2) and the spring-shock absorber
assembly (19), a second crank (29) mounted to rotate with
respect to the frame (2) and the rod (24), and a
connecting rod (31) mounted to rotate with respect to the
first and second crank (26, 29); at least one of said
first crank (26), second crank (29), and connecting rod
(31) being of wvariable length regulated by said actuating
means (32).

5) An automotive suspension as claimed in Claim 4,
wherein said actuating means (32) comprise at least one
actuating cylinder (32) defining one of said first crank
(26) , second crank (29), and connecting rod (31).

6) An automotive suspension as claimed in Claim 5,
wherein the actuating cylinder (32) defines said first
crank (26).

7) An automotive suspension as claimed in Claim 5 or

6, wherein the actuating cylinder (32) and the spring-
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shock absorber assembly (19) have respective longitudinal
axes (34, 35) forming an angle (a) close to 90°.

8) An automotive suspension as claimed in any one of
Claims 5 to 7, wherein the actuating cylinder (32) and
the connecting rod (31) have respective longitudinal axes
(34, 36) forming a further angle (b) of at east 60°.

9) A car comprising a frame (2) supporting four
wheel hubs (14) with the interposition of four respective
suspensions (4), each of which is as claimed in any one
of Claims 1 to 7; the car comprising a number of sensors
for determining the driving conditions of the car, and an
electronic central control unit (5) connected to the
sensors and for controlling the actuating means (32) of
each suspension (4) in response to signals from said
sensors.

10) A car as claimed in Claim 9, wherein the
actuating means (32) of each suspension (4) are
controlled at a control frequency of around 6 Hz.

11) A car as claimed in Claim 9, wherein the
actuating means (32) of each suspension (4) are
controlled at a control frequency of around 30 Hz.

12) A car as claimed in any one of Claims 9 to 11,
wherein the electronic central control unit (5) controls
the actuating means (32) of each suspension (4) to
perform an anti-roll function.

13) A car as claimed in any one of Claims 9 to 12,
wherein the electronic central control unit (5) controls

the actuating means (32) of each suspension (4) to
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perform an anti-pitch function.
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