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Asynchronni motor Synchronni motor Stejnosmeérny motor

®» ©®

Dva typy statoru a dva typy rotoru :
. drazkovany obvod — vsypané vinuti
. vyniklé pdly — buzeni / permanentni magnety
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katedra elektrickych pohont a trakce

@ Synchronni motor

Zakladni vlastnosti synchronniho motoru je shoda otacek rotorus *,
magnetickym polem statoru. Stridavy proud ve vinuti statoru gener @
statorové tocivé magnetické pole. Rotor mtize byt z permanentnihc "‘t"";
magnetu se stridavé usporadanymi pdly po obvodé nebo ma vinuti ‘
napajené ze stejnosmeérného zdroje. Nabuzeny synchronni motor se po
pfimém pfipojeni na stfidavou sit sam neroztoci. Trojfazovy stfidavy proud
statoru vytvori toCivé magnetické pole, které se otaci rychlosti danou
frekvenci napajeci sité a poctem poli motoru.

Na rotoru jsou permanentni magnety nebo budici vinuti, ktery vytvori
magnetické pole. postupné rozbihal na pozadovanou rychlost.
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Zakladni vlastnosti synchronniho motoru je shoda otacek rotoru s
magnetickym polem statoru.

Stridavy proud ve vinuti statoru generuje statorové tocivé
magnetické pole.

Rotor muze byt z permanentniho magnetu se stfridavé usporadanymi
poly po obvodé nebo ma vinuti napajené ze stejnosmérného zdroje.
Nabuzeny synchronni motor se po pfimém pfipojeni na stfidavou sit
sam neroztodi.

Trojfazovy stridavy proud statoru vytvori toCivé magnetické pole,
které se otaci rychlosti danou frekvenci napajeci sité a poctem poélu
motoru.

Na rotoru jsou permanentni magnety nebo budici vinuti, ktery
vytvori magnetické pole. postupné rozbihal na pozadovanou rychlost.

Synchronni motor

5. fijna 2015

fe



http://ruiying-motor.en.made-in-china.com/product-group/XMOxygNdlmVt/AC-Universal-Motors-catalog-1.html

g

? - DBy
w AOB14AMS - Aktustory a malé stroje CVUT FEL v Bise s

katedra elektrickych pohonti a trakce ,_

Synchronni motor

Mame dva zakladni zplsoby jak spustit synchronni motor :

- roztocit rotor na rychlost priblizné synchronni a pripojit stator k siti, motor
se vtahne do synchronizmu.

- Zjistit polohu rotoru vuci statoru a zacit postupné spinat jednotlivé sekce
statorového vinuti tak aby se motor postupné rozbihal na pozadovanou
rychlost.

Rated point

Current

Torque load

“ http://educypedia.karadimov.info/library/Synchronous_Motor Principle.swf
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Stridavé synchronni servomotory maji ve statoru rozlozené trojfazové vinuti

a permanentni magnety na rotoru. Vinuti je navrZzeno pro sinusové prabéhy proudu
a napéti. Tenka vrstva magnetu ze vzacnych zemin neodym-Zelezo-bér je umisténa
na povrchu rotorové hridele, ¢imz je zarucen maly moment setrvacnosti motoru.
Segmentové usporadani magnetul na rotoru a zeSikmeni drazek ve statoru sniZuje
momentové pulsace. Motory jsou standardné sestipolové, coz je optimum pro vztah
mezi uhlovou rychlosti a kmitoctem napajeciho napéti.
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Vyhody PMSM:
mensi objem, hmotnost a moment setrvacnosti,
vlivem mensiho objemu moznost pfrimého pohonu bez
prevodovky — vyhoda zejména v trakénich pohonech,
velka momentova pretizitelnost, vyssi ucinnost.

Nevyhody PMSM:
vysSi cena,
slozitéjsi konstrukce a technologie vyroby a oprav, mensi robustnost, *
nemoznost stroj odbudit — pri zkratu stroj pracuje jako generator do
tohoto zkratu, coz znamena proudové a momentové razy,
vznik ztrat virivymi proudy pfi vybéhu vlivem nemoznosti odbuzeni.
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V klasické koncepci je statorové trifazové vinuti ulozeno v drazkach
magnetického obvodu, podobné jako u asynchronniho motoru. Uvnitr
statoru je umistén rotor, ktery nese permanentni magnety. Rotor je
¢asto odlehéen dutinami, nebot magneticky tok se v téchto pfipadech
uzavira v povrchové vrstvé. Poly permanentnich magneti jsou tvofeny
diléimi segmenty. Rozméry téchto segmentti jsou i u vykonnych motoru
omezeny na desetiny, maximalné jednotky centimetri. Permanentni
magnety jsou ze specialnich materiald, nej¢astéji SmCo (samarium-
kobalt) nebo NdFeB (neodym-Zelezo-bor). Magneticka indukce técho
magnett je od 0,8 do 1,2 T (bézny ferit ma indukci 0,3 az 0,4 T). Jsou
tedy zdrojem velkého magnetického toku, a tim umoznuji zmenseni
objemu stroje.

Kromé klasické konstrukce se nékdy pouzivaji tzv. nabojové motory. Jde
o motory kdy permanentni magnety jsou nedilnou konstrukcni soucasti
otacejici se casti. Proto je rotor s permanentnimi magnety pevné spojen
s rotujici Casti a obepina stator s tfifazovym vinutim, ktery prochazi
osou kola a je s ni pevné spojen . Tyto motory se pouzivaji pro vykony
od stovek wattu pro pohon lehkych jednostopych vozidel az po 60 kW
pro individudlni pohon kol pIné nizkopodlaznich tramvaji.
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Reluktancni motor je zalozeny na principu kdy rotor se nataci do polohy kdy magneticky tok se
uzavira cestou s minimalnim odporem. Magneticky tok statoru se uzavira pres rotor, a to hlavné pre
casti oddélené malou vzduchovou mezerou a nikoliv pres vybrani s velkym magnetickym odporem u
velké vzduchové mezery. Rotor se brani skluzu ve vztahu s toCivym polem statoru.

Reluktanéni (branici se — skluzu) motor se rozbiha jako motor s kotvou nakratko a po rozbéhu se
vtahne do synchronismu. Pretizeni vede k asynchronnimu béhu se skluzem. V mistech drazek na
rotoru jsou velké vzduchové mezery a tedy i velky rozptylovy magneticky tok. Proto maji reluktancni
motory mensi ucinik a vétsi odbér proudu nez odpovidajici asynchronni motor.

7 N |4 N y ‘;.\ /
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SWITCHED-RELUCTANCE MOTOR

Three-phase SR Drive® stator and rotor
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Magnetic Attraction

4 Computer stmulatlon of electromagnetic
parameters within an SR Drive® motor
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High ambient

temperatures Liquid or air
cooling

Low cost

Rapid response /

Fault tolerant

. Shape & size
& failtosafe — —— adaptable
Very high speeds '
EMC friendly

Motor or Wide constant power
generator range
No rotor magnets Low weight
at high powers

No position sensor

SR Motor and Control Technology — key features
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Torque Nm
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Continuous Speed/Torque Curves
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SR Motor

SR Rotor
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tovane reluktancni motory
ed UJ\ ici viastinosti

Presna regulace otacek dana rychlosti statorového pole
Vysoké rychlosti az 15,000 RPM v zavislosti na konstrukci

P¥i nizkych rychlostech vysoky kroutici moment — tepelné staly
Staly vykon v celé Siri otacek

Nizky moment setrvacnosti

Studeny rotor, nulova tepelna cesta pres loziska

Zadny prepinac &i prsteny uklouznuti
CtyFi operace na &tvrtinu otacky

Bez mezifazovych spojeni — zadné jiskreni
Kratka cela vinuti

Vétsi celkova ucinnost nez VFD

Vyssi mezni moment nez DC motory
DelSi nepretrzity chod nez jiné motory
Rovhomérny moment béhem otacky
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Machine A
. ] * SR Drive® Motor
Dges;ll.eggmez st * 55 kW nominal
* 5 cylinders, 2. » | iquid cooli
+ 350 Nm, 110 kW T~ d "

* Particulate filter 4
*Furo 4

CNG engine

* 4 cylinders, 3.0 L

+ 350 Nm, 105 kW

» Catalytic converter
* Euro 5 or EEV

Total weight: 1000 kg

/

Machine B

* SR Drive” Motor
* 130 kW nominal
* 160 kW peak

* Liquid cooling
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40kW (left) and 200 kKW (right) 3000 rpm reluctance motors with YBCO
bulk parts in the rotor (diameter 70mm / 148 mm)

‘ http://www.
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The Dyson Digital motor with its impeller in an exploded view.

The Dyson Digital motor is a 100,000 rpm SR motor that
spins five times faster than a Formula One Engine.
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Dyson digital motors

Michael Faraday discovered electromagnetic induction, the principle behind the
electric motor, in 1831. Yet, despite being technologically advanced at the time,
electric motors have changed very little since. Bulky, old-fashioned components and
lots of moving parts prone to failure.

Dyson engineers have spent a decade developing new types of highly efficient digital
motors. The Dyson digital motor is smaller, lighter, cleaner and more power-efficient
than conventional electric motors.

“ http://www.dyson.co.uk/store/productFan.asp?product=AMO01-IRONBLUE
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The problem with conventional motors

Conventional A/C motors use big, fragile fans,
copper windings and brushes that wear out easily,
making them inefficient and unreliable. And as the
carbon brushes wear down, they emit carbon
particles, which is bad for the environment.

Dyson digital motors

Dyson digital motors use digital pulse technology,
spinning at up to 104,000 times a minute (five times
faster than a racing car engine). They are incredibly
efficient too — due in part to high tolerances. For
example, the impeller spins at over 600mph with
only 0.3mm clearance between the blade tip and
the impeller housing. And no carbon brushes
means no carbon emissions.
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How the Dyson digital motor works

Circuit board and capacitors
Microprocessors control motor timing and speed, adjusting up to 3,000 times a second. The capacitors supply
power to the circuit board and take the pressure of high-frequency currents away from the battery.

Stator
By sending a current through coiled copper wire, a strong electromagnetic field is produced. The stator
(controlled by the microprocessor) rapidly switches the polarity of this field between north and south.

Neodymium magnet

The Dyson digital motor in the DC30 and DC31 handhelds uses a neodymium magnet. Neodymium is the
strongest magnetic material known — ten times lighter and ten times more powerful than your average fridge
magnet. It spins at up to 104,000 times per minute as it reacts to the alternating electromagnetic fields
produced in the stator.

Impeller and vane diffuser

The impeller is aerodynamically engineered with continuously curving blades to spin at extreme speeds (in
fact, there is barely a 2D section to any part of the blade surface). The airflow it produces is channelled up and
through the vane diffuser, cooling components on the way.

‘ http://www.dyson.com/homepage.asp
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Synchroenni motor
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Synchroenni motor
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Synchroenni motor
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Synchroenni motor
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