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Conversion Devices

@ A device which converts electrical energy into mechanical energy or
vice-versa is called electro-mechanical energy conversion device
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Why Most of the electromechanical energy converions devices use
magnetic field as coupling medium?
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Energy Conservation Principle

@ Energy can neither be created nor destroyed, it can merely be
converted from one form into another.
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Energy Conservation Principle

@ Energy can neither be created nor destroyed, it can merely be
converted from one form into another.

@ Energy balance equation = Function (energy input, energy output,
energy stored, energy dissipated)

@ For Motor action: Total electrical input = Mechanical energy output
+ total energy stored + Total energy dissipated

Prof. Doolla (DESE) EN 206: ElectroMechanical February 3, 2012 3/12



|
Energy Conservation Principle

@ Energy can neither be created nor destroyed, it can merely be
converted from one form into another.

Energy balance equation = Function (energy input, energy output,
energy stored, energy dissipated)

@ For Motor action: Total electrical input = Mechanical energy output
+ total energy stored 4 Total energy dissipated

For Generator action: Total mechanical input = Mechanical energy
output -+ total energy stored + total energy dissipated
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Torque Production

@ The fundamental principle lying in ac and dc machines is same but
their construction is different.
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their construction is different.

o Electromagnetic Torque: The torque developed due to interaction
of stator and rotor magnetic fields is called electromagnetic or
interaction torque.
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S
Torque Production

@ The fundamental principle lying in ac and dc machines is same but
their construction is different.

o Electromagnetic Torque: The torque developed due to interaction
of stator and rotor magnetic fields is called electromagnetic or
interaction torque.

@ The tendency of the two fields to align themselves in the same
direction is called interaction torque.
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Interaction Torque
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@ The angle between stator-field axis and rotor field axis is called rotor
torque angle 6.

Te is proportional to (stator field strength)x(Rotor field strength)xsin(9)
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S
Interaction Torque

Force

@ The angle between stator-field axis and rotor field axis is called rotor
torque angle 6.

@ The magnitude of electromagnetic or interaction torque in all rotating
machines is given by :

Te is proportional to (stator field strength)x(Rotor field strength)xsin(9)
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Reluctance Torque

@ When a ferromagnetic rotor is placed in magnetic field, the path of
stator-produced flux is effected considerably and the magnetic flux
has a tendency to follow minimum reluctance path and hence the
rotor experiences a torque called reluctance torque.
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Reluctance Torque

@ When a ferromagnetic rotor is placed in magnetic field, the path of
stator-produced flux is effected considerably and the magnetic flux
has a tendency to follow minimum reluctance path and hence the
rotor experiences a torque called reluctance torque.

@ When a long rotor axis coincides with the stator polar axis, the
reluctance torque is reduced to zero.
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Reluctance Torque

@ When a ferromagnetic rotor is placed in magnetic field, the path of
stator-produced flux is effected considerably and the magnetic flux
has a tendency to follow minimum reluctance path and hence the
rotor experiences a torque called reluctance torque.

@ When a long rotor axis coincides with the stator polar axis, the
reluctance torque is reduced to zero.

@ Alternate north and south poles are placed 90° apart mechanically in
rotor circuit

A
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-
Reluctance Torque
@ In a rotating electrical machine, having 2 poles on the stator and 4

poles on the rotor, the net electromagnetic torque developed is
zero.?77?
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Reluctance Torque

@ In a rotating electrical machine, having 2 poles on the stator and 4
poles on the rotor, the net electromagnetic torque developed is
zero. 777

@ For development of electromagnetic torque it is essential that in all
rotating electrical machines, the number of rotor poles be equal to
the number of stator poles
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Reluctance Torque

@ In a rotating electrical machine, having 2 poles on the stator and 4
poles on the rotor, the net electromagnetic torque developed is
zero. 777

@ For development of electromagnetic torque it is essential that in all
rotating electrical machines, the number of rotor poles be equal to

the number of stator poles
@ Construction: Rotating electrical machines have common essential
features from construction point of view.
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Reluctance Torque

@ In a rotating electrical machine, having 2 poles on the stator and 4
poles on the rotor, the net electromagnetic torque developed is
zero. 777

@ For development of electromagnetic torque it is essential that in all
rotating electrical machines, the number of rotor poles be equal to
the number of stator poles

@ Construction: Rotating electrical machines have common essential
features from construction point of view.

e Stationary member - Stator
o Rotating member - Rotor
e Air-gap separating Stator and Rotor
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S
Reluctance Torque

@ In a rotating electrical machine, having 2 poles on the stator and 4
poles on the rotor, the net electromagnetic torque developed is
zero. 777

@ For development of electromagnetic torque it is essential that in all
rotating electrical machines, the number of rotor poles be equal to
the number of stator poles

@ Construction: Rotating electrical machines have common essential
features from construction point of view.

e Stationary member - Stator

o Rotating member - Rotor

e Air-gap separating Stator and Rotor
e Shaft, Bearing, foundation etc.
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Important Definitions

@ Exciting or field winding : to produce working flux
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Important Definitions
o Exciting or field winding : to produce working flux

@ The current which produces working flux and does not alter with load
is called field/magnetizing/exciting current.
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Important Definitions

o Exciting or field winding : to produce working flux
@ The current which produces working flux and does not alter with load

is called field/magnetizing/exciting current.
@ The current in the field winding is always dc and is generally 0.5 to

2% of the rated current
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Important Definitions

Exciting or field winding : to produce working flux

@ The current which produces working flux and does not alter with load
is called field/magnetizing/exciting current.

The current in the field winding is always dc and is generally 0.5 to
2% of the rated current

@ Armature winding: working emf is induced in this winding
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Important Definitions

Exciting or field winding : to produce working flux

The current which produces working flux and does not alter with load
is called field/magnetizing/exciting current.

@ The current in the field winding is always dc and is generally 0.5 to
2% of the rated current

Armature winding: working emf is induced in this winding

@ The current in winding that varies with load on the machines is called
load current
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Important Definitions

Exciting or field winding : to produce working flux

The current which produces working flux and does not alter with load

is called field/magnetizing/exciting current.

@ The current in the field winding is always dc and is generally 0.5 to

2% of the rated current

Armature winding: working emf is induced in this winding

@ The current in winding that varies with load on the machines is called
load current

@ The armature winding handles all the power that is being converted

or transformed and its rating is equal to power rating of the machine.
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Important Definitions

Exciting or field winding : to produce working flux

The current which produces working flux and does not alter with load

is called field/magnetizing/exciting current.

@ The current in the field winding is always dc and is generally 0.5 to

2% of the rated current

Armature winding: working emf is induced in this winding

@ The current in winding that varies with load on the machines is called
load current

@ The armature winding handles all the power that is being converted

or transformed and its rating is equal to power rating of the machine.

The current in armature winding is alternating in nature and hence all

armature structures are laminated in order to reduce eddy current

losses.
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Important Definitions

Exciting or field winding : to produce working flux

The current which produces working flux and does not alter with load
is called field/magnetizing/exciting current.

@ The current in the field winding is always dc and is generally 0.5 to
2% of the rated current

Armature winding: working emf is induced in this winding

The current in winding that varies with load on the machines is called
load current

@ The armature winding handles all the power that is being converted
or transformed and its rating is equal to power rating of the machine.
The current in armature winding is alternating in nature and hence all
armature structures are laminated in order to reduce eddy current
losses.

@ Sliding contacts are required in case where electrical power is
fed/taken from the rotating part/rotor.
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Important Definitions

Exciting or field winding : to produce working flux

The current which produces working flux and does not alter with load
is called field/magnetizing/exciting current.

The current in the field winding is always dc and is generally 0.5 to
2% of the rated current

Armature winding: working emf is induced in this winding

The current in winding that varies with load on the machines is called
load current

The armature winding handles all the power that is being converted
or transformed and its rating is equal to power rating of the machine.
The current in armature winding is alternating in nature and hence all
armature structures are laminated in order to reduce eddy current
losses.

Sliding contacts are required in case where electrical power is
fed/taken from the rotating part/rotor.

For cooling: radial and axial ventilating ducts
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EMF Generation
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@ The flux entering the stator or leaving the rotor is considered positive.
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EMF Generation
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@ The flux entering the stator or leaving the rotor is considered positive.

@ The variation of flux long the periphery is assumed sinusoidal and
hence in elementary machine, the flux density is sinusoidally
distributed in space.
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EMF Generation
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EMF Generation

@ The emf waveform induced in the conductor rotating along the airgap
periphery takes the shape of flux distribution.

aelectrical = Eemechanical
Also, J P4
a (Helectrical) = E E (emechanical)
P
We = > Wm

Where w and wy, is angular speed in electrical radians/sec and mechanical
radians/sec.
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EMF Generation

@ The emf waveform induced in the conductor rotating along the airgap
periphery takes the shape of flux distribution.

@ For a P-pole machine, P/2 cycles of emf will be generated in one
revolution

aelectrical = Eemechanical
Also, J P4
a (Helectrical) = E E (emechanical)
P
We = > Wm

Where w and wy, is angular speed in electrical radians/sec and mechanical
radians/sec.
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EMF Generation

@ For one revolution, P/2 cycles are generated and hence for a P-pole
machine in one revolution in one second, P/2 cycles per second are
generated.
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EMF Generation

@ For one revolution, P/2 cycles are generated and hence for a P-pole
machine in one revolution in one second, P/2 cycles per second are
generated.

@ For a P-pole machine in ‘n’ revolutions per second, n*P/2
cycles/second are generated.

P

F= jn,cps
PN

F EO,HZ
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EMF Generation

@ For one revolution, P/2 cycles are generated and hence for a P-pole
machine in one revolution in one second, P/2 cycles per second are
generated.

@ For a P-pole machine in ‘n’ revolutions per second, n*P/2
cycles/second are generated.

P

F= jn,cps
PN

F EO,HZ

@ The flux in space (B) is converted into emf(e) in time.
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EMF Generation

@ For one revolution, P/2 cycles are generated and hence for a P-pole
machine in one revolution in one second, P/2 cycles per second are
generated.

@ For a P-pole machine in ‘n’ revolutions per second, n*P/2
cycles/second are generated.

P

F= Tn,cps
PN

F EO,HZ

@ The flux in space (B) is converted into emf(e) in time.

@ Pole Pitch is defined as the peripheral distance between two adjacent
poles. It is generally expressed in electrical degrees and is equal to
180°.
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