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Why Permanent Magnet Synchronous Motors
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The vast majority of the car market is
using permanent magnet motors.

Different Faults In PMSMs
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- Collecting a sufficient * Uses frequency

amount of data is difficult.

- Applicable for almost all
kinds of faults
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Model of PMSM with Inter-Turn Short Circuit
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IMM Strategy For Fault Detection

 Extract several models for healthy and faulty

conditions
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e Select appropriate filters (Kalman or SVSF) for
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e Calculate the probability that the system is in a l 1

particular model at a given time, based on

measurements
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 Estimate the system's mode based on the mode

probability computed
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o States of the system are estimated using the filter
associated with the estimated mode.
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Parameter and state estimation simultaneously

Some parameters in the model are unknown when a fault happens. These
parameters need to be estimated with the states of the system at the same
time. Equations of the system can be rewritten as:

_[XO] Ao o1 [XO7, B Wx(t)
X.(t) [}L(t) [ ] h(t)]ﬂ 0 ]'U(tH[WL(T)]
Y(t) = C(:a,(r)).X(r)+D(:a.(r)).U(t)+w (t)

To estimate one or several parameters (A) of the model

Simulation Results

Three models for fault detection are considered. One for the electric motor in
healthy condition and two for faulty conditions with different fault severity.
Process or real system has a fault with different severity and switches between
different fault severity conditions at sample times equal to 200, 1500, 2500,
and 3500. corresponding Extended Kalman Filter (EKF) is designed and used
for each one of these models. As presented in the following figures, Interactive
Multiple Model (IMM) is able to detect the fault occurrence in a reasonable
number of time steps.

Estimated and real values of the Ry Mode Probability Switching Results

T T LI LAt a it e | I mrrmww I
T Healthy Model

Faulty model with o=0.1 N

\

Faulty model with 0=0.2

Mode Probabilities of Models

| | | I :
3 . 1 1.5 2 2.5 3 3.5 4

Time step Time step

The results of the IMM-Kalman filtering need to be compared with IMM-
Smooth-Variable Structure Filter (SVSF) since that method is more robust to
uncertainty in the models.
Also, all results need to be evaluated using a real PMSM setup which provides
access to the middle point of the winding and enables emulating ITSC fault by
using an external resistor.
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