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 Supports the weight of the vehicle
 Isolates the vehicle body, passengers and contents from road 

surface irregularities
Maintains the wheel and tyre in contact with the road surface

Comfort
Handing and traction



Medium quality- amplitudes of 13mm
High Quality – amplitudes of 5mm
Average pitch < 4m
Typical road wheel rolling circumference 2m
Other road surfaces
 Pave, Belgium blocks
 Cobbles
 Washboard, unmade road surface or ‘slow down’ ribs





 Inner ear inputs are decoded 
along with muscle tensions to 
unscramble the motion of the 
support platform – the so-
called “seat of the pants”

 Although less complex than 
visual processing, there is still 
a delay around 300 msec 
associated with this processing 
route



 Aircraft experience 
clearly shows the need 
for visual “re-anchoring” 
of inner ear sensations

 Dizziness is a symptom of 
the inner ear’s own 
ongoing “re-anchoring” 
process



Generally considered that vertical frequencies based on 
walking are comfortable
 2.4-4 mph gives 1.5-2.3 Hz

 Fore-aft and lateral head movement should be <1.5Hz
but are best avoided, heads are heavy, neck fatigue occurs

 If the inner ear is subjected to frequencies between 0.5 and 
0.75 Hz dizziness and sickness are liable to result (travel and 
sea sickness)  







 Serious discomfort will be felt in important organs at around 
4-8 Hz

 In summary
A 1950’s US saloon would have a 1 Hz spring frequency
A modern European vehicle would have a 1.3/1.4 Hz 

frequency
A performance vehicle would have 2-2.5 Hz

ISO number and pictures of ears/testing



 When the wheel hits a bump it rises rapidly. If there were no springs 
considerable shock would be transmitted into the body and occupants

 With springs the only force transmitted into the body is that required to 
compress the spring far enough to allow the wheel to ride over the bump

 The force causes the body to rise up but at a smaller rate than would 
otherwise be experianced.

 When the wheel falls into a depression (i.e. after a bump) the spring 
acting on the (relativly light) unsprung mass, forces it down rapidly, 
almost before the body has time to descend



Dual-mass model as quarter-
vehicle model
h Excitation amplitude, 
z Oscillation amplitude, c Spring 
resistance, k Damping constants, 
m Mass.
Subscripts: 1 Tires and axle, 
2 Body. 

Robert Bosch 2002



Effect of frequency on 

kinematic amplitudes

1 Amplitude of axle 

acceleration, 

2 Amplitude of body 

acceleration, h Excitation 

amplitude. 1 Natural 
body frequency, 2 Natural 
axle frequency. 

Robert Bosch 2002



Robert Bosch 2002

RR =
K2 . K1

K2 + K1

Effective stiffness of tyre and suspension
Springs in series



Robert Bosch 2002 and T. Gillespie

freq = 0.159

RR

Bounce natural frequency

M2



To improve fatigue life torsion bars are ‘scragged’ overloaded
in torsion during production creating a residual stress in the 

outer surface
Can provide some interesting package solutions
Challenges occur in holding the fixed end of the torsion bar
and allowing adjustment for ride height 

Robert Bosch 2002
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To increase fatigue life helical springs
are shot peened on their surface to 
induce compressive stresses and minimise
any micro cracks that would act as a stress 
raiser and crack propagation start point 

Springs are coated for corrosion and stone
chip resistance

Helical springs package well / compact
Helical springs can be straight wound, 
Barrel or conical in order to achieve 
Different characteristics



b

d

l

Rate = E. 

b.d^3

4 . l^3



Single or layered
Flat or tapered
Leaf stacks have relative
motion – lubrication
Adds to unsprung mass
Low energy storage (0.25)
Compared to helical spring
Can align axle/wheel 

Robert Bosch 2002
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Rate as for torsion bar
Adjustable types used 
in motorsport

Active types used in 
some vehicles esp
offroad –handling verses
suspension articulation

Robert Bosch 2002


