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Abstract: The Switched reluctance (SR) motor is a simple and robust machine, which has found application over a wide power and speed ranges in different shapes and geometry.

This paper briefly reviews the different types of SR motors with different geometries and then presents a new configuration for SR motor, which has no direct windings on the stator poles. The motor has three different layers and each layer has only one concentric winding. The magnetic field passes through a guide to the rotor then the stator and finally completes its path via the motor housing. It also presents a centrifugal switch mounted on the motor shaft for a sudden advancement of current-pulses relative to rotor position after reaching a preset motor speed in order to develop higher torque at starting. A proto-type motor has been built and tested in the laboratory . 
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1 Introduction

The Development of semiconductor rectifier and power switching technology in early 1960s let to its rapid and successful application to variable speed drives and simulated an interest in possible alternative and simpler motor/control configurations, of which the switched reluctance motor was one of them.  A reluctance motor consists of a rotor, which has no windings of any kind, and is free to rotate between the pole pieces of a stationary singly or multiply excited magnetic structure known as stator.  Torque is produced by the tendency of the rotor to align itself with the stator magnetic field [1].

 This type of motors offers a number of advantages including simplicity in construction, cooling, geometric versatility, durability, and higher permissible rotor temperature [2].In general, there are four distinct types of switched reluctance motors: namely, regular doubly salient cylindrical [3-4], disc-type [5-6], multi-layer [7], and linear motors [8]. This classification stems from the general shape of the motor. A 6 by 4 regular cylindrical type motor and a 6 by 8 external rotor type motor are shown in Fig 1a and Fig 1b, respectively. This type of SR motor has salient poles on both stator and rotor and the windings are wrapped around the stator poles. Currents in the stator circuits are switched on and off in accordance with the rotor position. In order to increase the torque especially in small diameter fractional horsepower motor, the rotor is placed outside of the stator. Direct current motors with disc rotors are widely used and is has been proposed for SR motors as well. The need for disc type arises in applications where the spacing is of the primary concern. Two different arrangements for the positioning of the rotor are shown in Figs 2a and 2b, respectively. As seen from Fig. 2a the production of torque requires a sufficiently thick rotor relative to the air gaps where as in Fig. 2b the minimum reluctance, which corresponds to the maximum inductance, has been optimized.  Fig. 3 shows one type of multilayer SR motors. This motor consists of three magnetically independent layers or phases. Each layer comprises of a stationary part and a rotating piece known as stator and rotor, respectively. The stators and the rotors have eight salient poles with 60 degrees angular shift between each consecutive pole. The term "isolated phase" or multilayer is derived from the fact that the motor itself has been composed of three isolated sections. Each rotor section has a 150 angular shift in position from the next phase, whereas in the stator phase there is no shift. This motor has eight stator poles as well as eight rotor poles, which will be engaged in the torque production mechanism. A simple version of a linear SR motor is shown in Fig. 4. The stator made up of three u shape structures with coils wrapped around them. The rotor has teeth with proper distance determined by the stator poles. Each stator coil is turned on in proper order to produce force to move the rotor forward.

 This paper presents a new configuration in switched reluctance motor as well as experimental results obtained for the new motor with and without using a centrifugal switch for the fast advancement in firing time.
2 The New Configuration

The proposed motor consists of three magnetically independent modules, where each module is known as a layer. A cut view of the motor is shown in Fig. 5. The stator and the rotor poles are placed in two parts around the magnetic guide and the windings are stationary wrapped on the reels over the guide. When the stator poles are aligned with the rotor poles, the magnetic flux produced by the coils travels through the guide to the rotor and then to the stator poles, and finally closes itself through the motor housing. This path produces the minimum reluctance, which corresponds to the maximum inductance for the motor. The stators and the rotors have four salient poles with 90ο angular shift between in each layer for every consecutive pole. Each rotor section from one layer to the next one has a 30ο angular shift in position. The actual motor with one end open is shown in Fig. 6. In Fig. 6 the shapes of the rotor and the stator laminations for one layer are clearly shown. A fast acting mechanical governor mounted on the motor shaft is introduced to change the dwell angle just enough under different speeds, so that the phase commutation begins sooner and ends sooner. This method is very effective in creating sufficient time for the phase current to rise to the desired value therefore, the motoring torque will not fall off, and also, the current will be out of the winding before the rotor reaches the negative torque region.

3 Experimental Results

The motor has been fabricated and tested for performance and functionality in the laboratory. Using a torque meter the dynamic torque versus speed and current for the motor have been measured. Fig. 7 (a and b) shows the normal torque vs. speed and torque vs. current for the motor. Finally, a fast acting governor is mounted on the motor shaft in order to act as a switch. This governor opens up fast at a pre-set value of about 100 rpm, which will cause a position advancement of the rotor poles with respect to the stator poles of about 4 degrees. It is possible to use other means of changing firing time such as utilization of different set of opto-couplers or employment of some kind of microcontroller. The torque speed characteristics of the motors with and without employing fast governor action are shown in Figure 8. As seen from Fig. 8 the speed torque curve is much higher than the normal curve

4 Conclusion

In this paper a novel multi-layer SRM was fabricated in the laboratory. The motor parameters experimentally measured and tested. The two main objectives of this paper namely, introduction of a new motor configuration with sufficient space for proper coil windings, and use of centrifugal switch for fast turn-on time advancement were achieved. The ease in construction of the motor and also using isolated geometry makes it possible to build the motor in any shapes or configurations. The experimental analysis shows the functionality of the motor in its new configuration, meaning, it has the ability and the potential of becoming a motor comparable with other types of electric motor in the industry. The rotor inertia for this motor is higher than regular SR motor. This motor could potentially be used in electric vehicle.
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ig. 1  a)  6 by 4 regular cylindrical motor                  b)   6 by 8 external type rotor
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         Fig. 2    a) disc-type motor                                b) disc-type external rotor
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                Figure 3 shows one type of a multi layer SR motors
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                            Figure 4  a linear SR motor
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                                        Figure 5     Cut view of the SR motor  
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                               Figure 6 The Fabricated motor with one end open
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                       Figure 7 Normal characteristics of the Motor

Fig. 8 Dynamic torque-speed characteristics of the motor with & without the governor action
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