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Synchronous Motors

At n = zero, the stator field is rotating at n_ and the

rotor field is stationary (n=zero).

The produced torque will be a A
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pulsating torque (zero average) so vloul ol

the motor will not self start. x
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Synchronous Motor: Equivalent Circuit

Approximate Equivalent Circuit
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Synchronous Motor: Power Flow
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Power Flow
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Synchronous Motor: Torque-Speed Characteristics

3 E; sinéd 3/ E; siné
Py = T, = 8 = Torque Angle
X S wsx S
T4 T
___________________ Tm m__ Pull-out Torque
Full load
TFL
——————————————————— TFL Operating
Region
>0
- )




Synchronous Motor: Modes of Operation

Effect of load changes at constant field current
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Synchronous Motor: Modes of Operation

Effect of changing field current at constant load
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Synchronous Motor: Modes of Operation

Effect of changing field current at constant load
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Synchronous Motor: Modes of Operation

No-load Operation (synchronous condenser /capacitor)
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Synchronous Motor: Modes of Operation

No-load Operation (synchronous condenser /capacitor)
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Synchronous Motor: Starting

Motor Starting Approaches

1. Increase the speed of the stator

field gradually. A

2. Use damper winding.

3. Use an external prime-mover.
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Synchronous Motor: Starting

13 |
1. Increase the speed of the stator field gradually

by gradually increasing the supply

frequency from O to 50-60 Hz. E |
At low enough stator field speeds, —_

their will be enough torque for the

rotor to accelerate and lock in with || V| |

the stator field. ffx
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Synchronous Motor: Starting

2. Use damper winding




Synchronous Motor: Starting

2. Use damper winding

This winding allow the motor to start as [V,

an induction motor.
a. Disconnect the field winding and
short circuit through a resistance.

b. Apply the supply voltage and let the
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rotor accelerate to near synchronous speed.
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c. Connect the dc field supply. A pull-in torque will be
developed and the rotor will rotate at synchronous

speed.



Synchronous Motor: Starting

3. Use an external prime-mover

Using an external starting

motor to bring the
synchronous motor up

to full speed.
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Synchronous Motor: Applications

Suitable for constant speed, continuous running loads.

Advantages:
1. Constant speed under load and supply voltage
variations.

2. High efficiency (22-26%).
3. Controllable Power factor
Disadvantages:

1. DC current excitation.
2. High initial cost (not suitable below 50 hp)



Synchronous Motor: Motor Rating
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Synchronous Motor: Motor Rating

I T
Ratings for Toshka Pumping Station Motors

12,000 kW
2,950V
1.369 A x2
0.88 (leading)
210 — 300 min-!
35-50Hz
20
P54
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