SINGLE PHASE MOTORS
Types of single phase motors
Single phase motors are manufactured in number of types and perform variety of useful services in homes, offices, factories etc.
Single phase motors may be classified depending on the construction and method of starting. Broadly we have:
· Induction motors (split phase, capacitor, shaded pole etc.)
· Repulsion motors ( sometimes called inductive series motors)
· AC series motors
· Un-excited synchronous motors
When a single phase motor is fed from single phase supply, its stator produces a flux which is only alternating. It does not produce synchronous revolving flux like the two or three phase stator windings fed from two or three phase supply. Alternating or pulsating flux acting on a stationery squirrel cage rotor cannot produce a rotation. Therefore single phase motor is not self-starting.
However if a single phase motor is given an initial start by hand or otherwise, in either direction, then the torque arises and the motor accelerates to its final speed.
This peculiar behavior can be explained by two field (or double field) revolving theory.
Double field revolving theory
This theory makes use of the idea that an alternating uni-axial quantity can be represented by two opposite rotating vectors of half magnitude. Accordingly, an alternating sinusoidal flux can be represented by two revolving fluxes, each equal to half the value of the alternating flux and each rotating synchronously,   in opposite directions.
For example a flux given by  is equivalent to two fluxes revolving in opposite directions, each with magnitude of  and angular velocity. It may be noted that Euler’s expression for  provides justification for the decomposition of pulsating flux. Euler’s expression is given by: 

The term  represents a vector rotated clockwise through an angle  whereas  represents rotation in the anti-clockwise direction. The above given flux can be expressed as:

The right hand expression represents two oppositely rotating vectors of half magnitude.
Below diagrams show an alternating flux having a maximum value. Its component values A and B will be equal to  revolving anticlockwise and clockwise directions respectively.
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Below is the resultant pulsating waveform:
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If the slip of the rotor is  with respect to the forward rotating flux (i.e. one which rotates in the same direction as the rotor), then its slip with respect to the backward rotating flux is , as shown:
If N is the r.p.m. of the rotor, then its slip with respect to forward rotating flux is:

Keeping in mind the fact that the backward rotating flux rotates opposite to the rotor, the rotor slip with respect to this flux is:

Each of the two component fluxes, while revolving round the stator, cuts the rotor, inducing an emf and this produces its own torque. The two torques (backward and forward torque) act in opposite directions and the resultant torque is equal to their differences.
The power developed by the rotor is:

If N is the rotor in r.p.s. then:

We have . Therefore:

Hence the forward and backward torques are given by:


Below are the torque characteristics:
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At stand still,  and  and therefore and  are equal but in opposite directions hence resultant torque is zero. This is why there is no starting torque for single phase induction motors. However if the motor is started somehow for instance in the clockwise direction, the clockwise torque start increasing and at the same time the anti-clockwise torque start decreasing.  Hence there is a resultant torque in the anti-clockwise direction which accelerates motor to full speed.
Equivalent circuit of a single phase induction motor without core loss
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A single phase induction motor may be looked upon as consisting of two motors, having a common stator winding, but with their respective rotors revolving in the opposite directions, as shown in the diagram. The stator impedance. The impedance of each rotor is, where  and  represent half of the actual rotor values referred in the stator i.e. stands for half the stand still reactance of the rotor referred to the stator. Since iron losses have been neglected, the exciting branch is shown consisting of exciting reactance only.
The impedance of the forward running rotor is given by:

And it runs with a slip.
The impedance of the backward running rotor is:

And it runs with a slip 
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The main winding has low resistance but high reactance whereas starting winding has high resistance, but low reactance. The phase angle between  and  is made as large as possible because the starting torque of split phase motor is proportional to. A centrifugal switch, s, is connected in series with the starting winding to disconnect the winding when the speed reaches 70 to 80% of the full load speed.
These motors are often used in preference to the costlier capacitor start motors. Typical applications are fans and blowers, centrifugal pumps, separators, washing machines, duplicating machines, domestic refrigerators etc.
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The necessary difference between  and  is produced by connecting a capacitor in series with the starting winding. When the motor reaches 75% of full speed, the centrifugal switch, s, opens and cuts off both starting winding and the capacitor.
The two currents are out of phase by about compared to about for split phase motor. The torque developed is nearly twice that value developed by a standard split phase induction motor.
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This is similar to the capacitor start motor except that the starting winding and capacitor are connected in the circuit at all times. The advantages of leaving the capacitor permanently in the circuit are:
· Improvement of the over load capacity.
· Higher power factor
· Higher efficiency
· Quitter running of the motor which is so much desirable for small power drives in offices and laboratories.

Repulsion motor
It consists of the following:
· Stator winding of distributed non-salient pole type. It is generally wound for four, six or eight poles.
· Rotor carrying either lap or wave wound winding connected to the commutator just like the dc armature.
· A commutator
· Carbon brushes.
Repulsion principle
Consider the following diagrams:
Two pole salient pole motor is used to explain how torque is developed by repulsion principle.
Suppose that the direction of the alternating current in the stator creates a north pole at the top and a south pole at the bottom. The induced voltage in the rotor conductors has polarity as shown the diagrams. The direction of the induced currents in the armature (rotor) conductors will depend on the position of the short circuited brushes.
In (a) axis of the brushes is collinear with magnetic axis of the main poles. Currents flows as shown, resulting into a north pole at the top and a south pole at the bottom. Because of this face-to-face positioning of the main and the induced poles, no torque is developed.
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In (b) the brushes have been shifted by 90o so that they are at right angle to the axis of the main poles. Directions of the induced voltages at any one time in the respective armature conductors are exactly the same as they were in the previous brush positions. However in (b) the induced voltages in the armature conductors in each path between the brush terminals neutralize each other. Hence there will be no net voltage across brushes to produce armature current. Hence there will be no torque.
[bookmark: _GoBack]In (c) brushes are positioned so that they are at an angle less than 90o to the main poles axis. Hence a net voltage is induced which produces armature current, resulting into North Pole and South Pole as shown.
In (d) the rotor North Pole will be repelled by main North Pole and similarly South Pole will be repelled by main South Pole. Hence the rotor will rotate in the clockwise direction. Since the forces are those of repulsion, the motor is called repulsion motor.
If the brushes were shifted counter-clockwise, the direction of rotation would be counter-clockwise. Hence the direction of rotation depends on the direction of shifting of the brushes.
Value of the starting torque depends on the amount of brush shift. Maximum tirque occurs at an angle between 0-45o. Motor speed can be controlled by means of brush shift.
Repulsion motor has high starting torque and moderate starting current of 3-4 times full load value.
Disadvantages
· Speed varies with changing load, becoming dangerously high at no load.
· Low power factor, except at high speeds.
· Tendency to spark at brushes.

Universal motor
A universal motor is defined as motor that may be operated either on dc or single phase ac supply at approximately the same speed and output. The motor develops unidirectional torque regardless of whether they operate on dc or ac supply. The motor works on the same principle as dc motor i.e. force between the main pole flux and the current carrying armature conductors.
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Reluctance motor
It uses a stator similar to that of a permanent capacitor-run motor. The stator produces revolving field. The squirrel cage rotor is of unsymmetrical construction. Some teeth are removed to leave four projecting or salient poles. This way the rotor offers variable magnetic reluctance to the stator flux, the reluctance varying with the position of the rotor.

When the stator winding is energized, the revolving magnetic field exerts reluctance torque on the unsymmetrical rotor tending to align the salient pole axis of the rotor with the axis of the revolving magnetic field (because in this position, the reluctance of the magnetic path is minimum). If the reluctance torque is sufficient to start the motor and its load, the motor will pull into step with the revolving magnetic field and continue to run at the speed of the revolving field.
The constant speed of reluctance motor makes it very suitable for such applications as signaling devices, recording instruments, timers etc.
Hysteresis motor
The operation of this motor depends on the presence of a continuous revolving magnetic flux. Hence the stator has two windings which remain connected to the supply throughout.
The rotor is a smooth chrome-steel cylinder having high retentivity so that the hysteresis loss is very high. It has no rotor winding. Because of high retentivity of the rotor material, it is very hard to change the magnetic polarities once they are induced in the rotor by the revolving flux. The rotor revolves synchronously because the rotor poles magnetically lock-up with the revolving stator poles of the opposite polarity.
Because it has no rotor windings, the motor has extremely quite operation free from mechanical and magnetic vibrations. This makes the motor particularly useful for driving tape-decks, turn-tables and other precision audio equipment.
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