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A  SEMI RIGID SUSPENSIONS
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A INDEPENDENT SUSPENSION
A Trailing arm suspension

A
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Solid axles

A On solid axles, the two wheels are mounted at the two ends of
a rigid shatft

A The motion of one wheel is transmitted to the other one
A Both wheels experience common camber and steering motions

A The solid axles are used on live (motorized) axles:

A Onrear axles of many trucks and on some passenger cars (e.g.
pick-up vehicles)

A On front axles of four-wheel drive trucks
A Solid axles are also used
A On front axles of trucks when large -load capacity is required
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Solid axles

A Advantages of solid axles:

A

The camber of the wheels is not affected by the body roll, the
unevenness of the road

No wheel camber angles in turn, except the higher compression of
the outer tires due to lateral load transfer

The alignment and the wheel track are preserved minimizing wear

A Disadvantages of solid axles

A

Major drawback is the susceptibility to vibrations, tramp -shimmy of
steering

Suspended mass is high, so higher transmissibility of vibrations
from road to rolling body
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Solid axles: Hotchkiss

Gillespie Fig7.1 Hotchkiss suspension
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Solid axle

Toyota Tacoma rear solid axle
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Solid axles: Hotchkiss

A The most common and the oldest type of solid axles
A The axle is centered and damped with semi-elliptic leaf springs

A Transmission of engine power through a longitudinal shaft with
two universal joints (Hook -Cardan) (constant velocity lay-out)

A The leaf springs are mounted longitudinally and are connected
to the body at the two ends (one fixed end and one free end
not to constrain its extension)

A The leaf spring also ensures other functions like lateral guidance
of the axles and also the transmission of longitudinal forces
developed in the tire-ground contact patch.
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Solid axles: Hotchkiss

| Leaf spring
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Solid axles: Hotchkiss

Acceleration
reaction

Heisler Fig 7.7 Leaf spring micro bending due to acceleration/braking torques
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Solid axles: Hotchkiss

ADVANTAGES

A (+) Low manufacturing cost

DRAWBACKS

A (-) Important unsprung mass

A (-) Uncontrolled friction between the leaf springs

A (-) Suspension travel due to lateral forces

A (-) Loss of stability with softer (i.e. longer) springs for light cars.

A (-) Lateral deformation and torsion appears when passing high
torque and high engine power. Thus reintroduction of traction
arms and lateral guidance bars to sustain high braking / traction
forces
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i Solid axles: 4 links

Gillespie Fig 7.2 Four link suspension
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Solid axles: 4 links
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Solid axles: 4 links

A Answer to the difficulties of leaf
springs

A Good choice for large passenger
cars with rear solid axle

A The lower control arms transfer the
longitudinal forces and provide the
longitudinal control

A The upper arms take the braking /
traction torques and the lateral
forces

A The set of upper arms can be
replaced by a triangular arm, but
with a similar functionality
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Solid axles: 4 links

ADVANTAGES DRAWBACKS

A

(+) Enables to use coll springs or air springs to increase the
comfort, reduce the uncontrolled friction, increase NVH comfort

(-) More expensive

(+) Better control of the roll center of the suspension
mechanism

(+) It makes possible to tailor anti -dive and anti squat
geometries

(+) Better properties for the roll stiffness and roll -steer
properties
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i Solid axles: de Dion
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Gillespie Fig 7.3: De Dion Suspension
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i Solid axles: de Dion
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Solid axles: de Dion

A Across between solid axles and independent suspensions, the
De Dion axle (patented by the Count de Dion and Georges
Bouton in 1894) consists of a cross tube between the two
driving wheels and of two half shafts connected to the
differential.

A The differential is mounted on the chassis to reduce the
unsprung mass.

A The tube is curved to avoid geometrical interference with the
differential
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Solid axles: de Dion

A The system is classic, but of little use In practice
A The tube maintains a perfect geometry of the wheels

A The tube is sometimes able to extend by sliding to have a better
comfort

A The control of the lateral motion requires a sliding tube or a
splined shafts, which add friction into the system

A The motion of the axle can be controlled by various spring and
damping systems
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Solid axles: de Dion

ADVANTAGES DRAWBACKS

A

(+) Like solid axles, the system maintains the wheels in a
proper geometry, while reducing the unsprung mass

(+) The control of the de Dion Axles can be achieved either by
leaf springs or by coll (air) springs
(-) The sliding pivot introduces some friction in the system

(+/ -) One has to introduce a lateral guidance system (e.g. a
Panhard bar)

(+/ -) Better comfort than solid axles (lower unsprung mass),
but still remain below what can be offered by independent
suspensions systems.
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Solid axles: de Dion

Examples: Smart Fortwo, Al fa
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http://en.wikipedia.org/wiki/Image:Mein_Smart003.jpg

Solid axles: de Dion

De Dion axle of Alpha Romeo GTV6
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Lateral restriction systems
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Milliken Fig. 17.16 : System for restraining the lateral motion
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!'_ Semtrigid axles
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i Semtrigid or twist axle rear suspensions

Semi rigid suspension of VW Golf
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Semi rigid suspension

A Quite novel family of suspension systems

A Mostly used for the rear axle of small (A/B) passenger cars with
front drive

A Origin of the name: a beam axle experiences some torsion to
enable the roll motion of the unsprung mass

A The axle kinematic allows controlling all parameters except the
anti squat because there is no applied traction torque

A Three major types (lay-out) of semi rigid axles depending on
the position of the twisting beam

A The roll axis is modified by the position of the twist beam
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i Semi rigid suspension

Nb=2
Nj=3
M=2*6 -2*3 - 1*4=2

Working principle of a semi rigid suspension
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Semi rigid suspension

A This is the simplest type of axles. Using a very schematic
analysis, it can be modeled as longitudinal arms hinged to the
chassis, connected by a torsion spring, and completed by
vertical coil springs, and shock absorbers

A In some cases, the coil springs can be substituted by torsion
bars

A This type of suspension is very compact, easy to manufacture,
simple to assemble

A The semi rigid axle lay out does not allow to transmit some
engine torque so that it can only be implemented on the rear
axle of front wheel driven cars
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Semi rigid suspension

A

Type a: twist beam is located at
the level of the bearing with the
chassis.

Similar to an independent trailing
arm suspension

Type b: The twist beam is
positioned at mid way between the
bearings and of the wheels.

In rebound, there is a rotation
about the axis of the bearings

In roll, it has the same properties
as a semktrailing arm independent
suspensions

Type c: The twist beam is located
In the axis of the wheels

Requires a Panhard bar to restrain

the lateral motion
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Semi rigid suspension

ADVANTAGES DISADVANTAGES

A

(+) The large distance between the supports (bearings)
minimizes the structural stresses in the car body

(+) Load transfer is favorable to longitudinal arms

(+) Simple to manufacture

(+) Attachment by two points only C Simple to assemble
(+) Extremely robust

(-) Rather limited kinematic capabilities (limited geometric
parameters)
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Semi rigid suspension

A Semi rigid axles are used on many mid class passenger cars
(segmentC:VW-Go |l f, Fi at Punt oé)
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!'_ Independent suspension
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