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Objectives

Objectives …j

• Decrease vehicle movement to increase comfort and safety

• Safety should be maintained when active suspension system• Safety should be maintained when active suspension system 
fails

• Balance between function/performance and 
energy consumption

… developed in a short time
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Simulation with system targets to generate force‐velocity couples

Analysis 
& Design

Current situation (e.g. primary ride 
on road ISO 8608 Class D)

Defined heave, pitch  and roll 
targets  for primary ride

Also targets defined for secondary and NVH 
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Safety Integrity and criterion

Analysis 
& Design
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Source: IZVW / Audi AG

Safety criterion
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Architecture

Analysis 
& Design

Electrical and software 
architecture

Hydraulic analyses (e.g. slalom 
manouver)

+
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Safety functions in software architecture

Error Handler
Analysis 
& Design

Sky‐Hook
Error code xx

Signal 
Validation

State 
Estimator Controller

Signal 
OuputSignal Input

Signal out of range 
accelerometers

Signal out of range 
accelerometers

Signal out of range 
displacement sensors
Signal out of range 

displacement sensors

Gradient monitoring rattle
velocities

Gradient monitoring rattle
velocities

Instability monitoringInstability monitoring

Valve current limitsValve current limits

Valve power monitoringValve power monitoring

Gradient monitoring body 
accelerations

Gradient monitoring body 
accelerations

Gradient monitoring rattle
displacements

Gradient monitoring rattle
displacementsdisplacement sensorsdisplacement sensors

RPT power stage 
errors/warnings
RPT power stage 
errors/warnings

displacementsdisplacements

Offsets monitoringOffsets monitoring

Vehicle CAN interruptedVehicle CAN interrupted

Safety function

Private CAN interruptedPrivate CAN interrupted

CAN signal quality checksCAN signal quality checks
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RPT input module errorsRPT input module errors

Key Components

a. The hydraulic actuator in the suspension
Safety is maintained when system fails

Analysis 
& Design

Safety is maintained when system fails.

=
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Key Components

b. The hydraulic power pack determination
Analysis 
& Design

=
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Key Components

c. Ultracap limits effect on power supply Analysis 
& Design

Current load pumps & alternator current
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Key Components

d. The state estimator
• Estimation of wheel forces via wheel 

Analysis 
& Design

displacements and accellero’s
• Derivation of modal velocities as input for  sky hook control

• Reduction of needed sensorsReduction of needed sensors
• Actual force estimation needed for safety reasons

©2011 Flanders’ DRIVE all rights reserved

Integration test

Implementation 
& Testing
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System test

Successful outdoor road test on rough road Implementation 
& Testing

OK!OK!
Current situation New Vehicle behavior

OK!OK!

Normal suspension Active suspension in same vehicle type
and same road section
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