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Essential magnetic circuit

Cross section
Magnetic flux
Material length
Reluctance

Number of coil turns

Reluktanca

materiala @7

Electromagnetics, refreshet/5

Presek A Magnetni pretok ¢

|
|
: LDoliina
.«— | materiala /
|
|
|
|
|

2

ovojev N

|

|

n

|

!

I W
: Stevilo
|

|

!

|

|




0O Q6 _Bf) F _Br’l Gaussaw

0 Q0 m | X EandBE X

FCm E 6 Q0 Q_” Faraday law
20 T Qo

[« O | © @ Amperelaw

||m‘0‘-§b‘ono [ Q%FO

kondenzator K

Capacitor,

_ zakljucena krivulja C Closed edge C
Electromagnetics, refresher/33



Faraday law on electromagnetic induction
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The most essential equation for an electric motor is
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Evoldion from a semtoroid body to a stator rotor structure:
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magnetic flux, higher force.

Tangemial magnetic force
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TorqueM:
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Different type of motors with similar volume and mass have comparable
torque.
PowerP.
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Speed. is import for powerP, as much as torqukl, a product of force
Fand radiug.

Consequence: when small dimensions, small radiamall forceF,
- speed. needs to be high.

For same poweP, a smaller and less expensive or bigger, more
expensive motor does fit. Smaller motor works at high spegligger
motor can be slower at same power

Gear box gives another degree of freedoBetter technology, better
design, less conversion i.e. less need for a gear box.
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DC motor (brushes and commutator) properties:

- voltage range/: 5¢ 700 DC Volts,
- speed. : 1000¢ 5000 RPM

- powerP. 10 W¢ 10 KW
SIS

- 1O

Different wiring (serial, parallel) result in different characteristics.
Control is relatively simple.

Pleasing property is speedcontrol by DC voltage. Polarity change changes
rotation direction.

Stator winding can be exchanged for a permanent magnet. However, nothing can be
done against current delivery to rotor winding via brushes and mechanical commutatc
as long as the motor is powered by DC voltage (which is essential for simplicity of
control).

Universal motors a DC motor low inductance derivative. Voltage supply: AC 1 phase,
speed control via triac circuit.

DC motorg with brushes and commutator, 2/2



Induction motor is a workhorse in conversion of electric energy into mechanic work.

Qualities:

- most simple and robust mechanical design

- no electric connection to rotog no commutator, no brushes!
- N0 permanent magnet built into rotor

- no classical rotor winding

- high torque at operating speed

Impracticalities:

- needs 3 phase AC voltage supply

- start torque is lower then torque at speed

- not useful for synchronous speed applications
-itis a low impedance load on start.
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Induction motor:

Induction motor, 2/2
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Synchronous motor is a next step implementation of an electric motor.

Characteristics:

Navor

Delovanje kot motor

Hitrost

Delovanje kot generator — |

Properties:

Torque, speed (RPM),
motor/electric generator regime

- these motors need drivers. Do not work directly connected to power grid or battery.

- driver tasks: varying frequency, monitoring and controlling phase shift, controlling

effective stator current.

- magnets are in function of a catalysts; electric energy delivered into stator winding
transformed into mechanical energy, delivered by rotor rotation.

- overload results in a momental slip and stop. Drivers are built to cope with these

out-of-order events.

Synchronous motor, 1/12



Synchronous motog two types:

- PMSM: Permanent Magnet Synchronous Motor
- synchronous DC motor
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PMSM: Permanent Magnet Synchronous Motor

- No rotor winding, rotor magnets only. No commutator, no brushes.
- Stator winding only, 99% PMSMpBase winding.

- Decent driver is mandatory.

- These motors and corresponding drivers are fed frephdse AC grid,
1-phase AC grid or from DC battery.

- Designed for 100 W 100 kW power range.
- Name tells it is about permanent magne&ten the rotor circumference.

- PMSMs are new (< 10 years). Strong magnets and powerful fast switches
had to be developed first.

- principle: rotating magnetic flux, magnets follow, rotation delivers torque and power.
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Speed reference, control, 3 phase rectifier, frequency converter, synchronous maotor, encc

Small PMSM are powered from DC power supply or battery.
Rotor rotates with frequency converter frequency.

Power is proportional to current.

Current is regulated by PWM voltage.

Speed reference is usually controlled voltage source.

Synchronous motor, 4/12 18
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