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(a) Two-pole cylindrical rotor machine (b) Four-pole salient rotor machine

_Cross sections of two synchronous machines. The relative positions
of the stator and rotor poles are shown for motor action. Torque is developed in

the direction of rotation because the rotor poles try to align themselves
with the opposite stator poles.
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Field
Field excitation

Armature

Rotating Armature
Alternator

AC Output
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AC Output

Rotating Field

| I‘ | Armature

Field
excitation




A single-phase alternator has all the
armature conductors connected in series

The stator is two pole. The winding is
wound in two distinct pole groups, both
poles being wound in the same direction
around the stator frame.

Single
Phase The rotor also consists of two pole groups,
adjacent poles being of opposite polarity.

Alternator




The two poles of the stator winding are
connected to each other so that the AC
voltages are in phase, so they add.

Single
Phase
Alternator

As the rotor (field) turns, its poles will induce AC voltages in the stator (armature)
windings. Since one rotor pole is in the same position relative to a stator pole as
any other rotor pole, both the stator poles are cut by equal amounts of magnetic
lines of force at any time. As a result, the voltages induced in the two poles of the
stator winding have the same amplitude or value at any given instant.




The three-phase alternator has three single-
phase windings spaced so that the voltage
induced in any one is phase-displaced by
120 degrees from the other two.

A B C
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The voltage waveforms generated
across each phase are drawn on a
graph phase-displaced 120 degrees
from each other.




*The three phases are independent of each other.

*One point from each winding can be connected to form a neutral and thus make a wye
connection.

*The voltage from this point to any one of the line leads will be the phase voltage. The line
voltage across any two line leads is the vector sum of the individual phase voltages. The
line voltage is 1.73, (V3 ), times the phase voltage.

eSince the windings form only one path for current flow between phases, the line and
phase currents are equal.




*A three-phase stator can also be connected so that the phases form a “delta”
connection.

eIn the delta connection the line voltages are equal to the phase voltages, but the line
currents will be equal to the vector sum of the phase currents.

eSince the phases are 120 degrees out of phase, the line current will be 1.73, (\/3 ),
times the phase current. Both "wye" and the "delta" connections are used in

alternators.




Three Phase
Three Phase STAR DELTA Connected

Connected




eThe frequency of the AC generated by an alternator depends upon the number of poles
and the speed of the rotor

eWhen a rotor has rotated through an angle so that two adjacent rotor poles (a north
and a south) have passed one winding, the voltage induced in that one winding will
have varied through a complete cycle of 360 electrical degrees.

*A two pole machine must rotate at twice the speed of a four-pole machine to generate
the same frequency.

eThe magnitude of the voltage generated by an alternator can be varied by adjusting
the current on the rotor which changes the strength of the magnetic field.




*A two pole alternator produces one electrical cycle for each complete mechanical rotation.

oA four pole alternator will produce two electrical cycles for each mechanical rotation
because two north and two south poles move by each winding on the stator for one
complete revolution of the rotor.

f= (nRotor)(p/z)/GO = (nRotorp)/lzo

where  ng.. IS the speed of the rotor in revolutions per minute,

p is the number of poles

fis the electrical line frequency produced by the alternator.

The speed of the rotor must be divided by 60 to change from revolutions per minute to
revolutions per second.




BOTH ALTERNATORS ARE ROTATING AT SAME SPEED F = "'ﬁ
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Field Regulator

Field Current

To obtain the open circuit characteristics the machine is driven at rated speed without the
load. Readings of the line-to-line voltage are taken for various values of field current. The
voltage, except in very low voltage machines, is stepped down by the means of a
potential transformer.




Armature Phase
Voltage/V

Field Current/A

If not for the magnetic saturation of the iron, the open
circuit characteristics would be linear as represented by
the air gap line




On open circuitl =1, =0

V,=E-IZ
where Z_ = R_ + jX_
and X, =X +X_,
On open circuit V, = E
Alternating current produces a flux which is proportional to |, (reduces the total flux).

This is called the armature reactance effect represented by X_,

On open circuit X_ = 0.
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Field Regulator

Field Current
The three terminals of the armature are short circuited

The machine is driven at approximately synchronous rated speed and measurements of
armature short circuit currents are made for various values of field currents usually up to
and above rated armature current.

short circuit
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On short-circuit the machine runs at it

S synchronous speed (n=n,)
Aﬁj and | =1,
-
=
8 Fors/cV, =0,
& Therefore E /I =27,
3 and | _=1=E/Z
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S
0
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v
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Field Current (L)/A

In conventional synchronous machines the short circuit characteristics is practically linear
because the iron is unsaturated up to rated armature current
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SYILC hronous reactance

Per Phase Equvalent Circuit

Basic Electrical Engineering (REE-101) 22



DIRECTION OF
FIELD ROTATION

ENRN

ROTOR ROTATION

Basic Electrical Engineering (REE-101) 23



Basic Electrical Engineering (REE-101)

24



It cannot be started from a standstill by
applying ac to the stator. When ac is
applied to the stator a high speed RMF
appears around the stator. This RMF rushes
past the rotor poles so quickly that the
rotor is unable to get started. It is
attracted first in one direction and then in
the other and hence no starting torque.
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It is started by using a squirrel cage
within a rotor construction and therefore
starts as an induction motor.

At synchronous speed the squirrel cage
has no part to play.
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