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" bstract

In this dissertation alternative three - phase squirrel cage induction motor
topologies are designed, optimized and compared to enable the selection of a motor

suitable for ship thruster ~ propulsion.

To conclude to a design that meets the specifications, three motors with
identical stator geometry and different rotor geometries are designed. More
specifically, deep -bar rotors (NEMA class B), double - squirrel - cage rotors (NEMA class

C) and deep- circular bar rotors (NEMA class D) are considered.

At first an initial motor design is extracted using analytical formulas. These
take into account the desir ed specifications concerning th e nominal and maximum
torque, the nominal speed, the power sup ply as well as the aimed current and flux

density.

Each motor is analyzed us ing finite element method and optimized using an

extended sensitivity analysis of its geometrical parameters. For the purpose of this

dissertation Finite Element Method Magnetics ( FEMM)isused f or t he motor s anal

To facilitate and speed -up the optimization process, the motor is parametrically
designed. This means that the motor s dimensions depend on some of its basic
parameters such as the axial length of the machine, the le ngth of the air gap and the
number of stator and rotor slots which remain constant throughout the analysis and

optimization procedure.

During the optimization procedure the motor
changed in pairs within a range of values and the motor is analyzed. Throughout the
sensitivity analysis the motor is required to be able to produce the maximum torque
determined by the specifications and the magnetic flux density in the stator and rotor
teeth and body and current density in the rotor bars and stator windings have to
remain low in order to avoid excessive losses. The sensitivity analysis continues for
the geometrical parameters for which the above mentioned restrictions are met, until
all the parameters have been checked. In this disse rtation the variable parameters
that are considered are the width and height of the stator teeth and the width and

height of the rotor teeth or the diameter of the rotor slots.

After the optimization procedure D class motor presented a slight overall

advan tage. Even thought all three motors are capable of producing the nominal and



maximum torque, only NEMA class D motor is able to have the high starting torque

required for this application.

For this motor an equivalent circuit of variable parameters is cons tructed in
order to evaluate the motors b e h thes magrretiziagt
inductance is calculated as a fuction of the stator flux linkage through the simulation
oftheno - loadtest. The rotor s resistance aaracaltulateda l
as functions of the rotor frequency through the simulation of the locked rotor test.

This equivalent circuit proved to be able to provide a good approximation of the

motor s behavior.

Keywords

Induction motor , cage rotor, preliminary design, geometry optimization , finite

element method , sensitivity analysis technique , motor equivalent circuit
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