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Principle and design of DC machine

Principle of operation
Without commutator (AC) With commutator (DC)




Example of four-segment commutator

Four-segmen
commutator
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Induced voltage in DC machine (generator)
In one wire on the rotor (armature)
Vind = Baylv

In windings on the rotor (armature)

Ving = ¢pw

\ armature constant

Torque in DC machine (motor)

Torque acting on the rotor (armature)

T =cpl,



Design of DC machine

Brush

Armature




Design of DC machine

Permanent

Stator Field
Magnets

Windings

Brushed
Wound Rotor

~ 7

Stator Body

2-Pole Permanent 4-Pole Wound
Magnet Motor Field Motor



Types of DC machines
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a) separately excited
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Usage of DC machines

separately excited: motors in variable speed drives,
mining machines, electric cars, ships, aircrafts...

shunt-connected: field excitation for synchronous
generators

series-connected: motors in electrical traction, lift
trucks, universal AC/DC motors (drills, grinders,
cleaners...), engine starters...

compound-connected: motors in special applications

with permanent magnets: motors for car drives,
cameras, air-conditions, domestic appliances...



Example of using DC motor for speed
control of mechanical loads

controlled
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Principle of synchronous machine
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Frequency of induced voltage into stator
(armature)

N .
+ for 2-pole generator:  f == (Hz min Y
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Design of synchronous machine

Laminaled steel stator core |

Armature winding |

Field windings

“Stator case

slip rings
Cutaway view of a synchronous AC generator with a solid
cylindrical rotor capable of high-speed rotation.
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Usage of synchronous generators

« Turbo-alternators (turbine driven rotor)
 Hydro-alternators (salient-pole rotor)
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Three-phase alternators
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Three-phase alternator for automobile

diode and plate rotor
assembly assembly

pulley

stator
assembly
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Brushless DC motor
(special synchronous motor)




