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ABSTRACT

With ever increasing energy consumption, volatile crude oil prices, global warming and
consequent climate change concerns, both Government organizations as well as Industries
globally are heavily pitching for the implementation of electric and hybrid electric vehicles.
However, due to lack of ample charging infrastructure, which needs huge initial capital
investments and development time, the acceptance of electric vehicles (EVs) are going on
in a slow pace in India. Out of the various EV segments, light electric vehicles (LEVs)
such as e-rickshaws and e-autorickshaws are an attractive and affordable EV segment in
Asian countries such as India. Although there are Govt. efforts for developing indigenous
products, the power train components are mostly imported without proper design, sizing

and selection catering to the needs of Indian terrain and climatic conditions.

In fact, there is currently no universal international standard developed for arriving
at the motor and battery size rating for an EV. This can lead to massive blow to the EV
targets both technologically and economically if proper ratings are not selected as per the
requirement. Therefore, a detailed methodology is developed for the optimal size selection
of propulsion motor and battery ratings for an EV without under-rating or over-rating of
the machine. Further, comparative analysis is carried out for lead acid and Li-ion based
LEVs with and without gear for Indian Drive Cycle. Furthermore, a feasibility study is
conducted for solar PV array based three wheeler EVs and found out that these systems
are highly feasible and can contribute enough power for motor propulsion at steady state

operation. The payback period of such system is less compared to the conventional LEVs.

Currently, light EVs are mostly driven by brushed DC motors, induction motors and per-
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manent magnet brushless DC motors. As these motors suffer setback due to various draw-
backs, six different surface mounted permanent magnet synchronous motors (SPMSM)
based low voltage and interior PMSM (IPMSM) based high voltage LEV configurations
with and without solar PV array are proposed in this research work. These high perfor-
mance drives are operated in online MTPA control for high efficiency while eliminating the
mechanical position sensors for improved reliability, compactness and cost-effectiveness.
Different low computational high performance sliding mode observer techniques are pro-
posed for wide speed range closed loop sensorless control operation of the drive. These
methods have achieved the superior performance compared to the conventional back-EMF
and sliding mode control techniques available for the rotor speed and position estimation.
Nonetheless, the proposed sensorless control strategies are useful and well applicable for
variable speed domestic and industrial electric drive applications too.

Maximum power point tracking control is utilized in solar PV array assisted LV and
HV configurations for extracting optimum power under varying atmospheric conditions.
Along with the solar power, regenerative braking feature is utilized in all the configura-
tions for improving the vehicle range and to increase the battery life cycle. Therefore,
the proposed PMSM based LEV configurations with the aforesaid mentioned features lead
to a zero carbon emission true EV. All the designed LEV configurations and their control
algorithms are modelled, simulated and analyzed in the MATLAB/Simulink environment
and experimentally validated using the laboratory hardware prototype. Detailed discus-
sion on their control performance and efficacy during starting, steady state and dynamic

drive operating conditions are presented in this research work.
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