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Project Necessity:

Single phase induction motors and permanent magnet motors are widely utilized in existing evaporative coolers.
Single phase motors have low efficiency which leads to high energy consumption. Therefore in warm season, it causes
serious problems in supplying electrical energy. On the other hand, high price of magnets leads to increment of total
price of permanent magnet motors. Since rare earth magnets are utilized in these motors, using these motors leads to
high risk for our country in mass production because these magnets are single source. Therefore, different choices for
replacement of these motors should be investigated. In this project, synchronous reluctance motors with/without
assisted PMs is investigated for utilization in evaporative coolers. The efficiency of synchronous reluctance motors
with/without assisted PMs is close to permanent magnet motors. Also no use or less use of magnets in these motors
leads to reduction of production cost. Due to these advantages, synchronous reluctance motors with/without assisted
PMs have become suitable options for using in evaporative coolers.

Project Goals:

The main goals of this project are feasibility study of utilization of synchronous reluctance motors with/without
assisted PMs in evaporative coolers and also construction of experimental setup of %2hp synchronous reluctance motor
with/without assisted PMs and its drive.




Abstract:

In this project, at first, the electromagnetic design of synchronous reluctance motor is performed. After determining
the design considerations of SynRMs, two SynRMs with/without assisted PMs are designed. Afterwards motor
performance is analyzed and simulated in finite element software; then the mechanical analysis of the motors is
analyzed. For design of the motor drive, at first, the dynamic modelling of the motor extracted. Then different control
methods of the motor studied and the selected method simulated in MATLAB/Simulink. In the next step, the motor
prototyping performed consisting of stator winding, cutting and arrangement of the laminations, rotor shaft placement,
rotor balancing and the final assembly; and also the motor prototyping performed consisting of design of control
board, IGBT drivers, power board and supply board. After prototyping the motor and drive, the functional tests carried
out on the experimental setup. The results verified the performance in different conditions including speed change
test and step load test. Efficiency measurement of the two motors show that the efficiency of the SynRM and PM-
assisted SynRM are about 79.55% and 80.8%, respectively. Also performance of the motors in stabilizing the motor
speed tested and verified on the evaporative cooler.
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Fig.1. Expeimental Setup

(@) SynRM (b) SynRM mounted on the evaporative cooler (c) experimental setup




Steps and Methodologies:

Steps of the projects are as follows:
- Design, sensitivity analysis and electromagnetic analysis of the motors
- Thermal and mechanical analysis
- Modelling and design of the SynRM drive
- Prototyping the motors
- Prototyping of SynRM Drive
- Operational tests

Main Results (technical outputs, patents, papers, books, reports, etc.):

- Design and prototyping the SynRM with efficiency of 79.55
- Design and prototyping the PM-assisted SynRM with efficiency of 80.8
- Design and prototyping the SynRM Drive




