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Abstract

The permanent magnet synchronous motor (PMSM) is one of the
most widely used motors in electric cars, as it has high efficiency, small
size, high torque-to-current ratio, durability and high speed. Despite its
high reliability, this motor is prone to many faults, so there is an urgent
need to detect these Faults and their diagnosis in order to increase the

reliability of the electric vehicle and protect the people inside.

This research presents an advanced system for detecting and
diagnosing faults based on deep reinforcement learning, which is
characterized by its great ability to independently analyze the data coming
from the motor and diagnose the fault without the need for human
intervention. The occurrence of a short circuit fault between the windings
(Inter-Turn Short Circuit) and determining the severity of the fault as well

as the partial loss of magnetization.

The generalization of the system was also tested in dealing with
faults of other motors such as mechanical faults such as vertical and
horizontal misalignment also faults affecting bearings such as breakage of
Balls and cage breakage, as well as the proposed system was tested to
detect the Inter-Turn Short Circuit fault of another permanent magnet
synchronous motor (PMSM) and to determine the severity of the fault by
distinguishing between 7 different levels.

The performance of the proposed system has been compared
with fault detection systems based on simple machine learning algorithms
such as the Decision Tree, the Support Vector Machine, the K-nearest
Neighbor, the Random Forest, as well as the Deep Neural Network
algorithm. The deep reinforcement learning was able to detect the inter-

turn short circuit fault in the stator windings with an accuracy of up to



100%, and it achieved an accuracy of up to 99% in detecting both the inter-
turn short circuit fault and the partial magnetization fault. In detecting
various mechanical faults, deep reinforcement learning was able to achieve
a detection accuracy of up to 99%. It also achieved a detection accuracy of
up to 96% in detecting a short circuit fault between the windings of another

permanent magnet synchronous motor and distinguishing between 7 fault

levels.



