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ABSTRACT

Conservation of energy and promotion of alternative energy sources in place of
conventional resources has emerged as an important issue in effectively meeting the growing
energy crisis. Since motor is the main work force for the industry and commercial sectors,
improvement in efficiency in these areas is a matter of great concern. Hike in price due to
limited and rapidly exhausting oil deposition has forced the automobile industry to find
economically feasible alternative sources of energy to drive them forward. In this context, the
use of battery operated EV’s becomes poignantly significant all over the world. Not much
effort has been taken to counter this crisis, especially in developing countries such as India
due to the non-availability of technology and expert knowledge in this domain. This research
work elaborates the design and development of EV drive motors using die-cast copper rotor
technology and regulating it with an economic and efficient drive controller.

The use of copper rotor in induction motors is one of the feasible solutions for
improving the efficiency in this type of motors. However, the challenges associated with the
implementation of die-cast copper technology in induction motor has retrogressing impact
upon commonizing this technology in the global market. Die-cast copper rotor motors occurs
to be the better cost effective and energy efficient solution for EV application, compared to
permanent magnet motors. Although the motor industry is totally aware of the advantages of
die-cast copper rotor, die-cast copper due to its casting difficulties, in terms of high
temperature and pressures, has not been fully accepted like die-cast aluminum. The additional
cost involved in the production of die-cast copper has to be justified by the improved motor
efficiency and other performances. The first part of this research work concentrates on
understanding the challenges associated with die-cast copper casting and providing the test
equipments to detect the faults in the cast rotor. Seven common rotor problems are

investigated in the die-cast copper rotor manufacturing that cause inferior performances in the
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newly fabricated motor. A rotor quality test system is designed and developed so as to
establish the inspection that can find various defects in the newly manufactured die-cast
copper rotors. While examining the rotor stack laminations for copper die-cast process, it is
necessary to use adequate insulation coating on the lamination surfaces for withstanding the
elevated pressures and temperatures that arise during the die-cast copper rotor manufacturing
process.

After the successful development of error-free die-cast copper rotor, the work
concentrates on developing the induction motors for EV drive application, where the use of
copper rotor achieves maximum benefit. An EV motor of 3kW capacity is chosen to compare
and measure the advantages of die-cast copper rotor when it is used in the place of aluminium
rotor. The performance of two 3kW EV motors, one with aluminium rotor and the other with
copper rotor, is compared for evaluating their performance advantages by using specially
constructed EV motor test-set up. A 3kW EV motor with die-cast copper rotor is subjected to
more than one hour operation by incorporating forced-air and water cooling methods. By
designing and developing a die-cast copper rotor motor for an existing EV drive, its
improvements in terms of efficiency, range and speed performances are practically verified.
The work also describes in detail the design principles for deriving the torque-speed and
power-speed characteristics of an EV drive, to be calculated from various tractive forces. The
use of solid copper bars in the construction of stator winding demonstrates the optimum
benefit of copper rotor in EV motor. The construction of solid copper bar winding in the
stator is realized stage by stage with regard to design and fabrication methods. The
completion of the total AC drive system is achieved by adding cost effective and efficient AC
controller, designed and developed for EV application, where die-cast copper rotor motor is

used as the driving force.
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