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Examples of Pneumatic Suspended Vehicles



Elementary Pneumatic Suspension



Energy Flow in Elementary Airspring

QW

QS1

QS2

QZ

Q1

Q2



Railway Car on a Curve
and Airsprings Deformations



Matrix of Variation Coefficients of
Effective Surfaces of 3-D Airspring
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Laboratory Tests



Airspring FEM Model in ABAQUS*

* calculated by Wroclaw Centre of Networking and Supercomputing



Example of Load Cases

•  inflation (0.0÷0.5 MPa),  •  rotational deflection (-5°÷5°)
•  axial deflection (35÷105mm),  •  lateral deflection (-120÷120mm)



Airspring Characteristics Calculated by FEM

 Reaction Force Fx
D at lower mounting point 

Reaction Moment Mϕ
G at

upper mounting point
Reaction Moment Mϕ

D at
lower mounting point
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Reaction Force Fx
D at Lower Mounting Point
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Reaction Moment Mϕ
G at Upper Mounting Point
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Reaction Moment Mϕ
D at Lower Mounting Point
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x-Coefficients
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φ-Coefficients
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Library of Components of
Pneumatic Suspension System



Airsprings - Linear and Nonlinear



Example - Model of the Railway Car



MATLAB/Simulink Part of the Railway Car Model



Structure of the „adams_sub” Block



Simplified Railway Car Model
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Vertical displacement  „yR” for M_0.01 s (A),
A-M_0.01 s (B) and A-M_ 0.001 s (C)
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Pressure in Elastic Chambers
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Air Mass Flow from Feeding System
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Conclusions

• Simpler building of vehicle models with advanced
pneumatic suspension system

• Easy choice of the suspension system parameters
• Usability of linearized models
• Evaluation possibility of pressures, air mass flow and

temperatures in each point of the suspension system
• Opennes for new models



• More detailed tests on airsprings to obtain full 3-D
characteristics

• Collecting and eventual completion of the equalising
and leveling valves charcteristics

• Broadening  the pneumatics library with other
components e.g. position sensors

Future Plans
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     This paper is a continuation of a previous one "Library of Components of Pneumatic Suspension
System Modelled in MATLAB/SIMULINK and Possibilities of its Application in ADAMS/Rail". It
shows how to build a model of pneumatic suspension system using specialised library in
MATLAB/Simulink and include such a model into structure of a vehicle model using Plant Export
function in ADAMS/Controls. ADAMS and MATLAB work in a loop and exchange such parameters as
velocities, displacements, forces and moments in each airspring. Such approach allows building complex
models of pneumatic suspension sytem where connections between airsprings, feeding system and control
system are taken into account. It is especially useful by studying untypical cases of suspension system and
when you need to follow specified parameters not available in present version of airspring model.

Summary


