
1Pelz | 060509 | Alle Rechte bei Vibracoustic GmbH & Co. KG 
info@vibracoustic.de | www.vibracoustic.de

Ways of reducing the friction 
level within a suspension 
system
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Outline 

� Introduction: Harshness = Sum of Coulomb Friction

� Rubber bushes: Conflict between acoustics and durability 

� Air Suspension: significant reduction of the friction level 
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Outline

� Introduction: Harshness = Sum of Coulomb Friction 

� Rubber bushes:       Conflict between acoustics and durability 

� Air Suspension: significant reduction of the friction level 
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3 classes of excitation amplitudes 

small amplitudes

medium amplitudes

large amplitudes

1 mm 10 mm< 0.1 mm > 10 mm

� low undulated road

� undulated road

� high undulated 
road

� cornering
� ride & handling

most relevant for 
noise, harshness 

� comfort

most relevant for 
noise, harshness 

� comfort
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Axle on the test rig 



6Pelz | 060509 | Alle Rechte bei Vibracoustic GmbH & Co. KG 
info@vibracoustic.de | www.vibracoustic.de

large ���� medium amplitudes
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medium ���� small amplitudes
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Optimization
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tested by the OEM

Vibracoustic suggestion

initial chassis

ball joint is replaced by a rubber 
bush 
� significant reduction 

of the Coulomb friction
� significant improvement 

of the comfort

ball joint is replaced by a rubber 
bush 
� significant reduction 

of the Coulomb friction
� significant improvement 

of the comfort
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Working Hypothesis …

Harshness = Sum of Coulomb Friction within the axis

deflection

force

+ Harshness is measurable on a test rig
� effective optimization possible

Since the friction sums up, 
every single component of the axle can be 
tested and optimized independent.

different design alternatives can be
compared on an objective base in an 
early project state

+

+
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Outline

� Introduction: Harshness = Sum of Coulomb Friction 

� Rubber bushes: Conflict between acoustics and durability 

� Air Suspension: significant reduction of the friction level 
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Friction behavior of a rubber bush    
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Friction behavior of a rubber bush
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Friction behavior of a rubber bush
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The rubber hardness should …

���� … as low as possible

Conflict with the durability 
requirement
Conflict with the durability 
requirement
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Geometry should be …

���� … as small as possible

Conflict with the durability 
requirement
Conflict with the durability 
requirement
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���� reliable durability prediction …

… is necessary to gain the best comfort 
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Vibracoustic lifetime prediction

load-time-history
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load space
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visualization
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Omission test to reduce test time
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Shorten development time by omission
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Outline

� Introduction: Harshness = Sum of Coulomb Friction 

� Rubber bushes:        Conflict between acoustics and durability 

� Air Suspension: significant reduction of the friction level 
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Cross Ply Axial Sleeve

High degree of 
elastomer deformation

low elastomer deformation

��� � low harshness

Best in class air springs
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Unique production process

extreme small tolerances
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ADASS serves as a 
precise simulation 
tool

see presentation of 
Dr. Sonnenburg, Dr. Pelz

ZF Sachs, Vibracoustic

It works, 

but the harshness 
is bad

Air Damping

1973

significant reduction of 
the Coulomb friction

from 2000 on
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Significant reduction of the friction …
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air spring damper

suspension strut

… key to improve the comfort

air damper shows no piston 
and rod guidance
� no friction 
� significant 

improvement of the comfort 

air damper shows no piston 
and rod guidance
� no friction 
� significant 

improvement of the comfort 
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Summary

� Introduction: Harshness = Sum of Coulomb Friction
Easy to understand
Easy to use for the OEM and supplier
Helps to focus on the important topics 

� Rubber bushes:        Conflict between acoustics and durability
To find the best bush one has to be able 
to predict the life time of the bush

� Air Suspension: significant reduction of the friction level
1998 the axial sleeve made the 
base of the success story of air 
suspension in Europe

With the help of the innovative Air Damper concept 
the friction within the 
axle will be significantly reduced


