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ABSTRACT

Ventilating fans, particularly ceiling fans are the utmost need during summers and hot
climatic conditions in India and other countries near equator. The majority of ceiling fans
and exhaust fans employ permanent capacitor single phase induction motors (SPIMs). The
operational number of ceiling fans and exhaust fans is enormous in countries like India, Brazil,
China, USA and many more. Ceiling fans have been overlooked for efficiency throughout
because of low power consumption (70 W-100 W). However, with the rising population,
number of ceiling fans and exhaust fans have become exponentially high, hence their power

consumption has also become enormous.

This research work deals with the analysis, design, development and testing of energy-
efficient ceiling fans and exhaust fans. The radial flux SPIM based ceiling fans have a un-
conventional pancake type structure with two phase windings in an inner stator in very small
diameter. Unlike conventional SPIMs, there are three magnetic paths of flux in the stator,
each of which has to operate without saturation for minimal input power consumption. In this
work, it is found that the analytical solution of the performance of the ceiling fan SPIMs is
inaccurate, hence, transient mechanical finite element analysis (FEA) based solution is pro-
posed for the performance analysis and design improvement process. The same is validated
on 45 W and 50 W commercial ceiling fan motors through experimental results. The mechan-
ical characteristics of the fan blades are identified using a torque measurement setup. A static
shaft-shaft torque transducer is used for measurement of the restraining torque. Hence, the
torque versus speed characteristics of the blades are identified using the curve fitting method.
In this work, a simple method is proposed, which uses no load and block rotor tests along with
virtual tests (from FEA) on the baseline design for identification of satisfactory performance

of the ceiling fan motor for quality check of large number of motors at production level. Vari-



ous speed controllers are commercially available for controlling the speed of the ceiling fans.
In this work, their impact on the performance of ceiling fan motors and power consumption is
looked upon. The influence on the electrical performance and the speed control are validated
with experimental tests, while the electrical performance as well as electromagnetic torque
developed is analyzed using the co-simulation with FEA. The most energy-efficient ceiling
fan SPIM presently consumes as low as 45 W for standard air delivery of 210 cubic meter
per minute (CMM). The design of ceiling fan for 16 pole motor has been improved using the
statistical methods based FEA simulations. Taguchi’s orthogonal arrays are used to discretely
improve the performance of the motor. A 16 pole motor design is improved to provide a ser-
vice value (ratio of the air delivery in CMM and input power consumed) greater than “6”. The
improved design is developed, prototyped and tested for satisfactory performance for five star
rating as per IS 374 and BEE five star ratings. A 14 pole configuration for radial flux ceiling
fan SPIM is analyzed for improvement in the performance of motor. The design improve-
ment along with reduction in the overall cost of the motor by using aluminium windings is
proposed. Axial flux topology is explored for the use in ceiling fan motor because of higher
conductor area as compared to the radial flux topologies. An analytical closed form solution
is developed for the optimal design of the axial flux SPIM (AFPIM). The optimal design is
verified using the transient FEA. The exhaust fan motors are the significantly higher power
motors, as compared to ceiling fan motors, which are used in domestic as well as industrial en-
vironments for continuous duty. The design of a commercial exhaust fan motor is improved
using a GA based computer aided design program. The optimal design results are verified
using transient FEA. The exhaust fan is a type of unsymmetrical two phase machine with
permanent capacitor. The transient analysis of the exhaust motor is dealt with using phase

variable model and d-q axis theory. The simulated results are verified using the experimental
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results on the commercial exhaust fan motor.
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Rotor Bar Area

Auxiliary Winding Slot Area

MainWinding Slot Area

Rotor Bar Skewing Angle

Main Winding Slot Opening Width

Auxiliary Winding Slot Opening Width

Average Flux Density

Average Flux Density of Auxiliary Winding Teeth
Average Flux Density of Main Winding Teeth
Capacitor in Series with Auxiliary Winding
Diameter of the Airgap

End Ring Mean Diameter

Outer Diameter of the Rotor

Inner Diameter of the Rotor

Outer Diameter of the Stator

Inner Diameter of the Stator

Wire Gauge of Auxiliary Winding

Wire Gauge of Main Winding

End Ring Height

Current in stator phase a

Current in stator phase b

Current in rotor phase a referred to stator phase a
Current in rotor phase b referred to stator phase b
Moment of Inertia of Motor

Stack Height of the Motor

Airgap Length Per Side

Flux linkage of stator phase a

Flux linkage of stator phase b

Flux linkage of rotor phase a referred to stator phase a

Flux linkage of rotor phase b referred to stator phase b
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L Self inductance of stator phase a

Lss Self inductance of stator phase b

L. Self inductance of rotor phase a referred to stator phase
L Self inductance of rotor phase b referred to stator phase
Lis Magnetizing inductance of stator phase a

Ly Magnetizing inductance of stator phase b

N, Turns in Auxiliary Winding

Ny, Turns in Main Winding

N, Rated Speed of the Rotor

Ng Number of Rotor Bars

P Number of Poles of Motor

Oul Conductivity of Aluminium

Ocu Conductivity of Copper

T, Electromagnetic Torque

Vas Voltage applied to stator phase a

Vs Voltage applied to stator phase b

v, Voltage applied to rotor phase a referred to stator phase a
Vi, Voltage applied to rotor phase b referred to stator phase b
Ve Voltage across capacitor

We End Ring Width

Wi aux Width of the Auxiliary Winding Teeth

Wi main Width of the Main Winding Teeth

Wer Rotor Teeth Width
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