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Objective: Simulation of Faults by means of Finite Element Analysis
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FAILURE TOLERANT SYSTEMS

¢ Reliability and security are of extreme importance in X-by-Wire Systems

¢ The objective is to develop a Failure Tolerant Drive system based on a
DC or AC Machine that is suitable for critical security applications.

Analysis of the suitability of the SR Machine in this environment, and the
simulation of its behavior in Failure situations are the main goals of these
study.
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Advantages of the SR Motor

SR motors are of low cost construction

)

Fail-Silent Property: in case of failure there is no negative effect
introduced in the system
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Drive capacity in case of failure in one or several phases

lack of magnets makes it suitable for use in hostile (corrosion),
extreme (temperature), or sensitive (clean, sealed) environments
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Drawbacks of the SR Motor

¢ SR motors are often noisy

¢ SR motors require more complex control and commutation

¢ Most of the SR motors exhibit inherent torque ripple

CR/AEA | 04.11.2005 | © Robert Bosch GmbH reserves all rights even in the event of industrial property rights. We reserve all rights of disposal
such as copying and passing on to third parties.



CR/AEY Advanced Engineering Systems

Simulation of Faults by FEA in a SRM
Summary

C

Switched Reluctance Motor: Analysis Procedure and Model
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¢ Switched Reluctance Motor: Analysis Procedure and Model
SRM Model: FEM
Power Electronics Model
Control model
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Advantages of FEA (Finite Element Analysis)

Hand calculations provide accurate results but are typically useful for only simple
geometries.

It is a very accurate tool used for failure analysis purposes

Can be used to distinguish between failures due to design deficiencies, materials
defects, fabrication errors, and abusive use

Favorably method to consider the non-linear character of the motor, particularly in the
electromagnetic field.

SELECTION: Finite Element Analysis by means of FEMLAB combined with a
MATLAB/SIMULINK simulation.
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SRM Model: FEM

Construction Characteristics

Duty Cycle of the motor

| 1 ﬁ ;
CR/AEA | 04.11.2005 | © Robert Bosch GmbH reserves all rights even in the event of industrial property rights. We reserve all rights of disposal 7

such as copying and passing on to third parties.



CR/AEY Advanced Engineering Systems
Simulation of Faults by FEA in a SRM

SRM Model: FEM
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Generation of a 6/4 Switched
Reluctance Machine Model
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SRM Model: FEM
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