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Thesis Summary

A cooling design of windings that reduces the maximum temperature is essential for high torque
density. Many cooling methods have been developed, and in terms of cooling performance and
manufacturing feasibility, the structure in which an aluminum plate is inserted as a heat path inside
a slot is one of the compelling methods. Therefore, this research aims to optimize the topology of
the heat path to minimize the peak temperature. In addition, the homogenization model used for the
topology optimization (TO) is validated, and a correction theory for peak temperature is developed.

Chapter 1 summarized the background and previous studies.

Chapter 2 described the fundamentals of TO based on the density method.

Chapter 3 introduced the fundamental theories of homogenization for two materials.

In chapter 4, a lumped parameter thermal network (LPTN) of arbitrary shape with internal heat
generation was developed. Furthermore, the LPTNs of non-hollow cylinder and triangular prism
were derived. The critical finding was that a node of the LPTN represents the maximum
temperature for these non-hollow shapes. Simulations were conducted for the shape of an insulator
surrounding a coil, and the results showed that the developed LPTN was more accurate than the
conventional LPTN.

Chapter 5 developed a method to correct the peak temperature in the homogenization model to
that of the windings. The maximum temperature calculated using equivalent thermal conductivity is
the temperature of the homogeneous material. Therefore, the temperature of the homogeneous
material must be corrected to represent the coil temperature. The correction model was derived
from the developed LPTNs. Furthermore, a simple homogenized stator was modeled with a
macro-LPTN, and an analytical expression for the maximum coil temperature, including the local
temperature dependence of the electrical resistance, was derived.

Chapter 6 developed a TO method for motor slots. The TO problem was mathematically
described, and the thermal conductivity and the occupancy-dependent heating rate were formulated
based on the SIMP and homogenization methods. The complex three-material TO was simplified
into the simple two-material TO by introducing the homogeneous windings. As a result of
simulations, an optimal solution was obtained without a weight limitation under the trade-off
between heat generation rate and heat conduction efficiency. The peak temperature was reduced by
8.84% with the optimized heat path compared to the conventional simple aluminum plate.

Chapter 7 concluded the whole dissertation.
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