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ABSTRACT

Doctoral dissertation

Analysis of afault-toleranl control system of the vehicle with pM BLDC motors

The doctoral dissertation fonsists of six chapters, a list of references and an appendix.

The first chapter provides an orreryiew of basic research problems occurring in electric
drive with PM BLDC motor an{ the aim, scope and scientific thesis of the dissertation and the

characteristics of the research nfetho<lology. The aim of the doctoral thesis is fbrmulated as:

development of a control methld oJ'a vehicle with electric drive with pM BLDC motors,
providing safe and tolerant to s[lecte'd faults operation. Moreover, an additional objective of
the work is to develop a protoqipe laboratory vehicle for testing the proposed fault tolerant
control methods. The following thesis of the dissertation is formulated: application oJ'/autt
detection, identffication and corhpensation methods, using available meqsurements oJ'phase

currents and rotor position of PM BLDC motor, enables to re ilize fault tolerant drive system

of a vehicle.

The second chapter presenfs the issues related to the modeling of the drive system with
PM BLDC motors under varioqs con.ditions, including the operation after an occurence of
selected faults. Developed simufation model and selected simulation results are presented in
this chapter. The impact of thg faults (transistors in an electronic commutator and rotor
position sensors) on waveform {eformation of the phase currents and electromagnetic torque
and rotational speed is studied.

The developed laboratory petup is described in third chapter. Selected research results,

obtained using the experiment{l setup in various operating conditions of the drive are

presented. The impact of rotor position sensor faults and electronic commutator transistor
faults on the drive are discusse{ in detail. Time waveform and spectral analysis of phase

currents and mechanical vibratiorts were used in the analysis.
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The fourth chapter deals with the issues related to fault tolerant control systems. The

l[boratory setup. This chapter methods for detecting and identifring faults of the
tfansistor in electronic and the rotor position sensor. Then, it presents an

{lternative method for rotor position (using sensorless unit or using
(omputational methods: ZOA HO), intended for uss after detecting a complete fault of
the sensor. Possible methods determining the spoed of rotation, on the basis on the rotor
flosition sensors are described also after the occurrence of the fault of one of thern. The
c[apter presents control as well, practicable after the detection of the fault in the

half-bridge in the eleqtronic commutator or by connecting
power unit, by using an additi

$e nhase with a ve transistor to tho midpoint of the power supply. The
d]eveloped algorithms were

dflgital signal processor and

in a prepared simurlatiron model, then implemented in the

at a laboratory test-stand.

In the fifth chapter, issues to the construction of the mechanical parts, electronic

Qonsiderations are illustrated

afd software laboratory protot;

t(sting the movement of the r

system utilizes methods, which

simulation and experirpental research, done on the prepared

of the vehicle are disoussed. The prototype was used for
cle and the operation under serected faults. The control

developed and tested in detail in chapter fow. They are
vflidated for their suitability

sifnulation tests of a vehicle r

usage in a real drive system. This chapter presents also

along a reference tr4jectory, including the conditions of
sdlected faults.

The sixth chapter swnmary of the dissertation and general conclusions.
S$lected directions for further are also included in this chapter.

Appendix A includes info

uted during laboratory tests.

about PM BLDC motors and the experimental setup,
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