Lecture Notes

   M.Kaliamoorthy AP/EEE, PSNACET


1. MMF SPACE WAVE OF A CONCENTRATED COIL
A cylindrical rotor with small air gap as shown in the figure below is assumed here.
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The stator is imagined to wound for two poles with a single N turn full pitch coil carrying current I in the direction indicated. From the figure each flux line radially crosses the air gap twice, Normal to the stator and rotor iron surfaces and it’s associated with constant mmf Ni. On the assumption that the reluctance of the iron path is negligible, half the mmf 
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 is consumed to create flux from the rotor to stator in the air gap and the other half is used to establish flux from the stator to rotor in the air gap. MMF and flux radially outwards from the rotor to the stator will be assumed to be positive and that from the stator to rotor is negative.

[image: image3.png](b) Developed diagram




The physical picture is more easily visualized by the development diagram as shown in the figure above, where the stator winding is laid down flat with the rotor on the top of it. It has been seen that the MMF is a rectangular space wave where in MMF of 
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is consumed in setting flux from the rotor to stator and MMF of 
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is consumed in setting up flux from the stator to the rotor. The MMF space wave of a single concentrated coil being rectangular, it can be split up into its fundamental and harmonics. It is easily follows from the Fourier series analysis that the fundamental of the MMF wave as shown in figure above is
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Where 
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 is the electrical angle measured from the magnetic axis of the coil which coincides with the positive peak of the fundamental wave. Note: Amplitude of associated harmonic waves are given by
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MMF SPACE WAVE OF ONE PHASE DISTRIBUTED WINDING

Consider now a basic 2 pole structure with a round rotor, with 5 slots/pole/phase (SPP) and a 2 layer winding as shown in the figure below.

[image: image10.png]A 3-phase, 2-pole structure with two-layer winding




The corresponding development diagram shown in the figure below along with the mmf diagram which is now a stepped wave –obviously closer to the sine wave than the rectangular mmf wave of a single concentrated coil.
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Developed diagram and mmf wave of the machine




Here the SPP is odd (5), half the ampere conductors of the middle slot of the phase a and a’ contribute towards establishment of South Pole and half towards North Pole on the stator. At each slot the mmf wave has a step jump of 2Ncic ampere conductors Where Nc is the coil turns and ic is the conductor current.

Let 
Nph (Series)= Series turns per parallel path of a phase


A = number of parallel paths of a phase.

Then 
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It now follows that 
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  Provided the winding is concentrated one. The fundamental peak of the concentrated winding is then
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Since the actual winding is distributed one, the fundamental peak will be reduced by a factor Kb (Breadth Factor) Thus
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MMF SPACE WAVE OF ONE PHASE SHORT PITCHED WINDING

The effect of the mmf wave of short pitched coils can be visualized as shown in the figure given below in which the stator has two short pitched coils 
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 for phase a of 2 pole structure.
[image: image17.png]=~ Axis of &' phase




The mmf of each coil establishes one pole. The development diagram is shown in the figure given below and it is seen that the mmf wave is rectangular but shorter space length than a pole pitch. The amplitude of the fundamental peak gets reduced by a factor Kp called pitch factor, compared to the full pitched rectangular wave. It can be shown from the Fourier analysis that
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In general when the winding is both distributed and short pitched, the fundamental space mmf of phase a is generalizes to
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