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		frequency of the voltage generated by a synchronous generator is p n f = Hz (1757) 2 60 where n is the mechanical speed in rev/min Alternatively, if the speed is expressed in rad/s, we have p  e =  m (1758) 2 where  m is the mechanical speed of rotation in rad/s The number of poles employed in a synchronous generator is then determined by two factors: the frequency desired of the generated voltage (eg, 60 Hz, if the generator is used to produce AC power), and the speed of rotation of the prime mover In the latter respect, there is a signi cant difference, for example, between the speed of rotation of a steam turbine generator and that of a hydroelectric generator, the former being much greater A common application of the alternator is in automotive battery-charging systems in which, however, the generated AC voltage is recti ed to provide the DC current required for charging the battery Figure 1732 depicts an automotive alternator
Synchronous motors are virtually identical to synchronous generators with regard to their construction, except for an additional winding for helping start the motor and minimizing motor speed over- and undershoots The principle of operation is, of course, the opposite: an AC excitation provided to the armature generates a magnetic  eld in the air gap between stator and rotor, resulting in a mechanical torque To generate the rotor magnetic  eld, some DC current must be provided to the  eld windings; this is often accomplished by means of an exciter, which consists of a small DC generator propelled by the motor itself, and therefore mechanically connected to it It was mentioned earlier that to obtain a constant torque in an electric motor, it is necessary to keep the rotor and stator magnetic  elds constant relative to each other This means that the electromagnetically rotating  eld in the stator and the mechanically rotating rotor  eld should be aligned at all times The only condition for which this can occur is if both  elds are rotating at the synchronous speed, ns = 120f/p Thus, synchronous motors are by their very nature constant-speed motors For a non salient pole (cylindrical-rotor) synchronous machine, the torque can be written in terms of the AC stator current, iS (t), and of the DC rotor current, If : T = kiS (t)If sin(  ) (1759)
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