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Abstract

In this thesis, the main focus is on the design, development, and control of a low-speed battery-operated electric cart,
a four-wheeled prototype fitted with motorized rear wheels. The rear-side wheels are the driving wheels, and front-
side wheels are driven wheels. The front-side wheels are attached to the steering mechanism. The rear motorized
wheels are realized using the hub type of permanent magnet synchronous machine (PMSM). Since both the rear wheels
are equipped with individual motors, the mechanical differential gear, which is an integral part of the conventional
on-road four-wheeler, gets eliminated. This offers space-saving to accommodate the on-board battery bank. However,
it increases the complexity of the vehicle, as it needs an electronic differential mechanism or active yaw moment
control. This is the central idea behind this thesis.

Since the prototype is equipped with motorized rear wheels, two types of motors are explored in the thesis. These are
squirrel-cage induction motor (SCIM) and permanent-magnet synchronous motor (PMSM). Therefore, the thesis also
discusses the vector-control technology behind the speed control of SCIM and PMSM. These motors are also
compared for the suitability to this project. The PMSM has higher torque density, lesser current consumption, higher
efficiency, close to unity power factor, and smaller size. On the other hand, the SCIM is a better option for the constant
power drive and it requires a speed reduction gear for optimum utilization. Therefore, the surface mount PMSM motor
(hub motor) is preferred over the SCIM.

Two motor control units (MCUs) or two level inverters based on the vector control were designed, developed, and
implemented from scratch during the course of this project work. The details of the developed inverters are not
discussed and are considered trivial.

Further, the vehicle needs sensing of yaw angle and implementation of electronic differential; therefore, an inertial
measurement unit (IMU) and a vehicle control unit (VCU) were also designed, developed, and implemented. The
IMU was based on the BNOO055, a 9-DOF micro-electromechanical sensor (MEMS) from Bosch, and the VCU was
realized using an embedded controller based on Arduino Nano.

The major contributions of the thesis are indigenous design and development of VCU, MCU, and IMU and their
integration to realize a working prototype of an electric cart using a readily available golf cart chassis, an industry-
standard battery bank, and PMSM hub motors. In essence, the thesis encompasses vehicle dynamics (both longitudinal
and lateral), vector-control of PMSM and induction motors, inertial measurement unit, and electronic differential of a
single-track, low-speed, battery-operated electric cart (four-wheeled prototype) with motorized rear wheels.

The other contribution of the thesis is the outcome of the research work done on speed control of three-phase squirrel
cage induction machines. Several new control algorithms related to speed control of SCIM are invented, tested, and
published in the reputed international conferences and journal.

The built prototype is the application oriented research work done for the industry and the work done in the area of
speed control of SCIM is the fundamental research done for the academics during the course of this project.
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