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I.I. What is power electronics?What is power electronics?

1)1) DefinitionDefinition

2)2) Position and significance in the human societyPosition and significance in the human society
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1)1) DefinitionDefinition

Power ElectronicsPower Electronics::

is the electronics applied to conversion and  control of

electric power.

Range of power scale :Range of power scale :

milliwatts(mW)         megawatts(MW)        gigawatts(GW)
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A more exact explanationA more exact explanation::

milliwatts(mW)         megawatts(MW)        gigawatts(GW)

The primary task of power electronics is to process and

control the flow of electric energy by supplying voltages

and currents in a form that is optimally suited for user

loads.



Conversion of electric powerConversion of electric power

Other names for electricOther names for electric

power converter:power converter:
-Power converter

-Converter

-Switching converter

-Power electronic circuit

-Power electronic converter

Electric 

Power

Converter

PowerPower
outputoutput

PowerPower
inputinput

Control   Control   
inputinput
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-Power electronic converter

Frequency, magnitude,Frequency, magnitude,

number of phasesnumber of phases
AC (Alternating Current)AC (Alternating Current)

MagnitudeMagnitudeDC(Direct Current)DC(Direct Current)

Changeable properties in Changeable properties in 
conversion conversion 

Two types of electric powerTwo types of electric power



Classification of power convertersClassification of power converters

DCDC ACAC

AC AC to DC converter    
(Rectifier)

AC to AC converter 

(    Fixed frequency : AC controller 

Variable frequency: Cycloconverter 

Power  
output
Power  
output

Power  
input
Power  
input
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(Rectifier) Variable frequency: Cycloconverter 
or  frequency converter)

DC DC to DC converter 
(Chopper)

DC to AC converter

(Inverter)



Power electronic systemPower electronic system

Generic structure of a power electronic systemGeneric structure of a power electronic system

Power 

Converter

Power 
output

Power      
input

Feedback/Feedforward
Control input
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ControllerFeedforward/Feedback Feedback/Feedforward

Reference

(commanding)

( ( measurements  of output signals )measurements  of output signals )( measurements of input signals )

Control is invariably required.
Power converter along with its controller including the 

corresponding measurement and interface circuits, is 

also called power electronic system.



Typical power sources and loads Typical power sources and loads 
for a power electronic systemfor a power electronic system

-Electric Motor

-light

-heating
-power converter 

PowerPower
ConverterConverter

SourceSource
Power inputPower input Power outputPower output

LoadLoad

ControllerController

-Electric utility
-battery
-other electric energy source 
-power converter

Vi ii io Vo

Feedback/Feedback/

Feed forwardFeed forward
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The task of power electronics has been recently 
extended to also ensuring the currents and power 
consumed by power converters and loads to meet 
the requirement of electric energy sources.

-heating
-power converter 
-other electric or                
electronic equipment 

ControllerController
ReferenceReference

-power converter



Relation with multiple disciplines Relation with multiple disciplines 

PowerPower

Systems & Systems & 
Control theoryControl theory

Circuit Circuit 
theorytheory

Signal Signal 
processing processing 

Simulation & Simulation & 
computingcomputing

ElectronicsElectronics
Electric Electric 
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Power electronics is currently the most active Power electronics is currently the most active 
discipline in electric power engineering worldwidediscipline in electric power engineering worldwide. . 

PowerPower
electronicselectronics ElectronicsElectronics

Solid state Solid state 
physicsphysics

ElectromagneticsElectromagnetics

Power Power 
systemssystems

Electric Electric 
machinesmachines



  ))22 Position and significance Position and significance 
in the human society in the human society 

Electric power is used in almost every aspect and Electric power is used in almost every aspect and 
everywhere of modern human society.everywhere of modern human society.

Electric power is the major form of energy source Electric power is the major form of energy source 
used in modern human society.used in modern human society.

The objective of power electronics is exactly about The objective of power electronics is exactly about 
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The objective of power electronics is exactly about The objective of power electronics is exactly about 
how to use electric power, and how to use it how to use electric power, and how to use it 
effectively and efficiently, and how to improve the effectively and efficiently, and how to improve the 
quality and utilization of electric power.quality and utilization of electric power.

Power electronics and information electronics make Power electronics and information electronics make 
two poles of modern technology and human two poles of modern technology and human 
societysociety———— information electronics is the brain,and information electronics is the brain,and 
power electronics is the muscle.power electronics is the muscle.



II.II. The historyThe history

Mercury arc rectifier Mercury arc rectifier 
VacuumVacuum--tube rectifier  tube rectifier  

Thyratron Thyratron 

Invention of Invention of 
Thyristor

Power diode Power diode 
ThyristorThyristor

ApplicaApplication of ion of 
fastfast--switching switching 
fullyfully--controlled controlled 
semiconductor semiconductor 
devicesdevices GTOGTO

GTRGTR
Power MOSFET Power MOSFET 

ThyristorThyristor
(microprocessor)(microprocessor)

IGBTIGBT
Power MOSFETPower MOSFET

ThyristorThyristor
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The thread of the power electronics history precisely The thread of the power electronics history precisely 
follows and matches the breakfollows and matches the break--through and evolution through and evolution 
of power electronic devicesof power electronic devices

late late 19801980ssmid mid 19701970ss1957195719001900

Thyratron Thyratron (microprocessor)(microprocessor) (DSP)(DSP)

PrePre--historyhistory 11st phasest phase 22nd  phasend  phase 33rd phaserd phase



III.III. ApplicationsApplications

IndustrialIndustrial

TransportationTransportation

Utility systemsUtility systems
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Power supplies for all kinds of electronic equipmentPower supplies for all kinds of electronic equipment

Residential and home appliancesResidential and home appliances

Space technologySpace technology

Other applicationsOther applications



Industrial applicationsIndustrial applications

Motor drivesMotor drives

ElectrolysisElectrolysis

Induction heatingInduction heating

WeldingWelding
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WeldingWelding

Arc furnaces and ovensArc furnaces and ovens

LightingLighting



Transportation applicationsTransportation applications

Trains & locomotivesTrains & locomotives

SubwaysSubways

Trolley busesTrolley buses

Electric vehiclesElectric vehicles
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Electric vehiclesElectric vehicles

Automotive electronicsAutomotive electronics

Ship power systemsShip power systems

Aircraft power systemsAircraft power systems



Utility systems applicationsUtility systems applications

HighHigh--voltage dc voltage dc 
transmission(HVDC)transmission(HVDC)

Flexible ac transmission(FACTS)Flexible ac transmission(FACTS)

Static var compensation & Static var compensation & 
harmonics suppression: TCR, harmonics suppression: TCR, 
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harmonics suppression: TCR, harmonics suppression: TCR, 
TSC, SVG, APFTSC, SVG, APF

Custom power & power quality Custom power & power quality 
controlcontrol

Supplemental energy sources :Supplemental energy sources :

wind, photovoltaic, fuel cellswind, photovoltaic, fuel cells

Energy storage systemsEnergy storage systems



Power supplies for electronic equipmentPower supplies for electronic equipment

TelecommunicationsTelecommunications

ComputersComputers

Office equipmentOffice equipment serverserver
computercomputer
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Office equipmentOffice equipment

Electronic instrumentsElectronic instruments

Portable or mobile Portable or mobile 
electronicselectronics

serverserver
computercomputer

TelecommunicationTelecommunication



Residential and home appliancesResidential and home appliances

LightingLighting

HeatingHeating

Air conditioningAir conditioning

Refrigeration & freezersRefrigeration & freezers
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Refrigeration & freezersRefrigeration & freezers

CookingCooking

CleaningCleaning

EntertainingEntertaining



Applications in space technologyApplications in space technology

Spaceship power systemsSpaceship power systems

Satellite power systemsSatellite power systems

Space vehicle power Space vehicle power 
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Space vehicle power Space vehicle power 
systemssystems



Other applicationsOther applications

Nuclear reactor controlNuclear reactor control

Power systems for Power systems for 
particle acceleratorsparticle accelerators
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Environmental Environmental 
engineeringengineering



TrendsTrends

It is estimated that in developed countries now 60% 
of the electric energy goes through some kind of 
power electronics converters before it is finally used.

Power electronics has been making major 

contributions to:
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reduction of energy consumption leads to less pollution

reduction of pollution produced by power converters

direct applications to environment protection technology

contributions to:
--better performance of power supplies and better control of 
electric equipment

--energy saving

--environment protection



Major issues in power electronicsMajor issues in power electronics

How to meet the requirement of the load or gain better How to meet the requirement of the load or gain better 
control of the loadcontrol of the load

How to improve the efficiency How to improve the efficiency 
----for reliable operation of power semiconductor for reliable operation of power semiconductor 

devices devices 
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----for energy savingfor energy saving

How to realize power conversion with less volume, less How to realize power conversion with less volume, less 
weight, and less costweight, and less cost

How to reduce negative influence to other equipment in How to reduce negative influence to other equipment in 
the electric power system and to the electromagnetic the electric power system and to the electromagnetic 
environmentenvironment


