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Active Steering System
Schematic Buildup
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Active Steering System
by the BMW Group and ZF Lenksysteme GmbH

Steerring Valve (Servotronic)

Elektromagnetic Lock

Worm Drive

Electric Motor

Rack

Pinion

Planetary Gears

Quelle: ZFLS

Possible Functions:
• Variable Steering Ratio
• Yaw Rate Control
• Attitude Angle Control
• Yaw Torque Compensation
• ...
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Safety Demands for Active Steering
Systems

Passive Steering Systems:
• Mechanical Malfunctions

Active Steering Systems:
• Mechanical Malfunctions
• Mechatronical Malfunctions

� Undesired Superposition Angles

Need for Appropriate Safety Functions!
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Possible Undesired Superposition Angles 
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• Possible Change in Steering Ratio
• Possible Steering Wheel Offset



4fu0238.ppt8 Ó

Possible Undesired Superposition Angles 
Reversible Error

• Short Period Steering Wheel Offset
• Possible Short Period Change in Steering Ratio
• Short Period Lateral Vehicle Reaction
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Possible Undesired Superposition Angles 
Irreversible Error
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• Permanent Steering Wheel Offset
• Possible Change in Steering Ratio
• Lateral Vehicle Reaction
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Safety Investigation

Development Partners

Safety Investigation Partners

Vehicle Technology Expertise Driver Related Expertise
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Safety Investigation
Aim of the Investigation

Questions to be Answered by the Study:

� Is the driver capable of compensating a sudden change in 
steering ratio due to a shutdown of the steering system’s 
actuator?

� What is the maximum permissible amplitude of an unintended 
steering angle due to an irreversible error?

� What is the maximum permissible amplitude and the maximum 
permissible latent period of an unintended steering angle due 
to a reversible error?
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Safety Investigation
Method of the Safety Investigation

Driving Tests

Vehicle Simulator Vehicle Dynamics

Simulation

Information
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Analysis of Vehicle Dynamics and Driver
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Angles in a Vehicle Environment

Analysis of Vehicle

Dynamics due to
Undesired Superposition

Angles for Varied Parameters

Analysis of Driver Reactions

due to Undesired
Superposition Angles for

Difficult Traffic Situations

Focus of this Presentation:
Vehicle Technology Aspects of the Study
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Safety Investigation
Driving Tests
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Influence of Steering Wheel Fixation:
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Safety Investigation
Driving Tests

Influence of Steering Elasticity:
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Safety Investigation
Vehicle Dynamics Simulation

Basis: Validated BMW 530i (E39) Model in Matlab/Sim ulink
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Safety Investigation
Vehicle Dynamics Simulation

Modification of Steering System using Information f rom Driving
Tests:
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Safety Investigation
Vehicle Dynamics Simulation

Validation of Model for Undesired Superposition Ang les
using Information from Driving Tests:
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Safety Investigation
Vehicle Dynamics Simulation

Aspects Investigated by Vehicle Dynamics Simulation:

• Interaction of error amplitude and latent period
• Vehicle velocity
• Loading state of the vehicle
• Different friction coefficients of the road

� Simulations with rigid steering wheel fixation for maximum
vehicle reactions

� Simulations with maximum errors determined by testee
driving tests
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Safety Investigation
Vehicle Dynamics Simulation

Investigation of Interaction between Error Amplitude
and Latent Period :
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� Error amplitude has a higher influence on the
vehicle reactions than the latent period

• Identical error areas AError

for A, B, and C
• � d= dtA ErrorError
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Safety Investigation
Vehicle Dynamics Simulation

Investigation of Velocity Influence :

� Driving maneuvers above
150 kph performed by BMW
and ZFLS with professional
test drivers ��� �

• Higher vehicle reactions for
rising vVeh

• Rise in reactions is degressive
• Objective criteria: time period

for course deviation of 0.5 m
• Testee driving maneuvers up

to 150 kph
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Safety Investigation
Vehicle Dynamics Simulation

Investigation of Different Loading Conditions :

� Only minor differrences in
vehicle reactions

� No influence on the drivers’
reactions expected

mVeh = 1835 kg (test vehicle)
xCG as in test vehicle

mVeh = 2070 kg

DxCG = 0.5 m

mVeh = 2070 kg

DxCG = 1.6 m
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Safety Investigation
Vehicle Dynamics Simulation

Investigation of Different Road Friction Coefficien ts :

• The steering angles caused by the relevant errors are
relatively small and within the linear range of the tire properties

� Practically no differences in the vehicle reactions

m= 1 m= 0,2



4fu0238.ppt24 Ó

Safety Investigation
Vehicle Simulator

• Model of the steering system derived from vehicle dynamics simulation
implemented in vehicle simulator

• Validation of simulator’s vehicle model

� Basis for simulator investigations provided
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Conclusion
Summary

� The three research tools described above in combination with a 
representative group of testees ensure a broad study to derive 
demands for safety functions of an active steering system

� The vehicle technology expertise, involved in all three research
tools used, was the basis for a successful study

� Information transfer between the different tools improved the 
overall quality of the study

� The vehicle dynamics simulation allowed to extend the results 
generated by the testee driving tests under partially synthetic 
conditions to a broader field
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Conclusion
Results

Results of the conducted safety investigation:

� drivers are capable of handling the change in steering ratio due
to an actuator shut off without problems for the investigated 
speed range

� Irriverisble undesired superposition angles:
max. amplitude of 0.3° front wheel steering angle

� Reversibel undesired superposition angles:
max. amplitude of 0.57° front wheel steering angle;
max. latent period of 150 ms 

The safety functions of the Active Steering System comply with these
demands and are therefore capable of ensuring a safe driving condition
at all times!
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Thank you for your attention!


