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Abstract

Abstract

In recent years, the power network’s harmonic pollution becomes more and more
serious. The study and governance of harmonic absorb high attention in the world. In
order to realize selective and accurate harmonic compensation, harmonic detection
and control strategy of APF are studied in this paper. Firstly, it’s just the beginning for
the foreign scholars to involve the research of observer theory applying in the field of
harmonic detection, which is a blank field in China. This paper puts forward a new
method in harmonic current detection based on observer theory, which has realized
the fast and accurate detection of specified harmonic, providing a new way of
thinking for harmonic detection. Secondly, in the process of industry, environmental
disturbance brings a big uncertainty to the structural parameters of multiple systems.
It’s difficult to keep optimal for the optimal controller designed according to the ideal
model in this situation. So this paper designs a control method of adaptive model
prediction, which can calculate the deviation of system model brought by the change
of circuit parameters. Therefore it can realize the precise current tracking of inverter
on the equivalent of actual circuit model. Finally, combining two parts of above
content, this paper studies the strategy of selected harmonic compensation of APF and
finishes the simulation verification and experiment debugging. Specific research
contents and innovation points are as follows:

This paper proposes a new type of method for on-line current harmonic detection
based on the observer theory. Firstly, the load current can be regarded as a
combination of a direct current, a fundamental componentand the sum of harmonic
components of first n times. Because of that, this method puts the
current-to-be-measured into the form of Fourier series, and builds a dynamic system
by integrating the current. Secondly, regarding the fundamental and harmonic
parameters as state variable, a state equation is established and an observer is

designed to detect the parameters of specified harmonic online. By Lyapunov theorem
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Selective Harmonic Detection and Compensation Based on Observer Theory

and Lasalle invariant set principle, this paper proves the convergence of the observer.
Thirdly, this paper discretizes the observer equation, and gets the control law of
harmonic detection in each control period.This method can be used not only in
single-phase circuit, but also in the harmonic detection of each phase in three-phase
circuit. Compared with the method of traditional instantaneous reactive power, this
method can detect not only the total harmonic current, but also the specified
frequency harmonic component. Compared with the FFT method, this method is more
accurate in detecting harmonic. When the currents conflict, compared with the neural
network and Ip-Iq algorithm, this method is faster in harmonic detection, and has
good dynamic performance. In addition, this method has good anti-jamming for noise.
The simulation results demonstrate the characteristics above.

This paper designs a control method of adaptive model prediction for the current
tracking problem of inverter. This method can calculate the deviation of control model
brought by the change of circuit parameters, and then establishes the equivalent of
actual circuit model, laying the foundation of precise current tracking. This algorithm
is simple and can identify the parameter online and quickly. Simulation results
demonstrate that this method has good accuracy and quick response in circuit
parameter identification. In current tracking control of the full bridge inverter,
combining with the adaptive principle of eliminating parameter deviation, the model
predictive control method realizes the precise tracking of current. Simulation analysis
proves that its tracking performance is more accurate and tracking error is smaller
than model predictive control individually. It can quickly respond to load change and
has good dynamic performance and less computation time.

This paper realizes the selective harmonic compensation of APF. Firstly, this
paper expounds the principle of harmonic detection and compensation. Through the
simulation analysis of single-phase harmonic compensation, it intuitively verifies that
this method can meet the three functions: selective harmonic compensation, harmonic

compensation degree can be set separately and precise compensation of each selected
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Abstract

harmonic. Secondly, the overall experiment of APF harmonic detection and
compensation is built. The control module, signal detection and modulation module,
inverter and driver module and hardware protection module are designed. At the same
time, the overall design idea of software and design methods of program for the
various modules is presented. The experimental results validate that the proposed
method can realize the optional harmonic compensation frequency, and the harmonic
compensation has a very good accuracy. Simulation and experiment verifies that the
harmonic detection methods and compensation proposed in this paper has the
advantages of high accuracy, rapid response and short computing time, and can

quickly adapt to the change of load, and has a good dynamic performance.

Keywords: Observer; Active power filter; Harmonic detection; Harmonic

compensation






H &

BT LD oeeeeeeeeeeeeeeeeesesssessasasasasssssss s st ss s s s s s asaeasasae e ssnesesasanes 1
1.1 BHRGIEE IR, BERIETE e ceeeeeessecssesssssssesssssssssssssssssssssssssssses 1
1.2 TESHARTATHETTIIIR «oveeeeeeeencreecrcneeesseesssssscssasessssassssassssssassssassasssassssssssenssossns 2
1.3 APF G540 SR BURFITIMAR ..oeeeeeeeceeceeensennennesesessosnssnssnssnsessossosssssesessnsssassasnnss 6
1.4 TR HTIR L FITITTEE N ceeeeeeereeeeessesesssssssssassssssassssassssssastasastosssnstosasassnsassases 8
1.5 B EERNTTHIERETIRHE oo eeeeeeeeeseeesesssssesssssissssssssssssssssssssssns 10

FTE ETUWNIBEILANE R TR ..cocoereerricrneesenseensnsesnnse 13
2.1 P ORI IR L ZR IR AR .o esecssessesensasassssasssssasassnssssassnssssases 13
2.2 ETHNZBIBILAVE R EETRIMTTIE cooeineirnininnisisncncnsenscnsesensesessssns 14
PR IRV X 1 OO 18
B = A oSO 23

F=E BHENERTMZEEIBIETRIREE .ccooereererrrseeescnensassseesssssens 25
3.1 [BIERIEIR T ZRZEIERAE oot csesssessassnsessassssassassssasssssasassnsssassnssssases 25
KRV 2R- 8 iR 1 = By 0 = 26
3.3 BT R T B AT B IR IS coceeeeceeeecrceeecnsecsessecssasesssssssssassssssssssssssasssaes 30
Bl BT et e esasasss s sssssssasssssasasassssssasasasasssesasasassssssnsssassssssasasnsas 31
B8 ZEEEIINLE ot e esasessasas s astsasas s ass sttt as bt bt s bt asasen 36

FUNE  APF BUIE IR IE T AMETRER c.oovererereereereceeenessssssssassesesessssssenes 39
4.1 SEIMIETH «.o.oeeeeeerererceceeereseseseessessssssssessssssssssssssssssntassssssssssasessssasssnsssssssssnsasens 39
4.2 BT et eessasasssssessssssassssssssasasssssssssasasssssnsssassssssassssssssssasssneas 42
B3 ZREEIPNLE ettt e ssss s sstssssst sttt sttt sttt st sssesetsssessessesatases 48

FRE APF BUIEBIEM SAMESLID ...ooeeeeeeeeererenesensssssssssssens 49

Vil



BET UL &5 BEAR 0 U IS AT A M

5.1 SEIS BURZEFIIELT oottt cesesssssesessassssssssssssasasssssssssssssssssssssssassssacs 49
5.2 FELETETT oo ceeeesneeesssessasssssassssassssssasssassssasassssssssssassesssssssasssasassssass 50
5.3 BREETETT oo escssssesssssssssassssssessssassssassssssassssassssnsassassssssnssssasssassssans 55
Bl LB R T oot esseses e e sasasssssssssasasssssssasasas s st s asas st s s s s st s s asasasssase 58
5.5 ZREE NG oeeeeeeretceeeeneseseseesesessssassssessssssssesessssasasesesesenss s sessseasessesenes 61
NI B EERER e seeessssssssssssssssssssssasasasasasssssnsseesranas 63
0.1 L E R R et eess s sssasssssssssassssassssssastsasasssaseisastensantasasssanan 63
6.2 THERREE oeeeeeeeeeessssssssssssasssasasssssasasasasasasasasasasasasasssiessasasasasssssasasssasasssns 64
B TR oovveeeerercnesarsnsensessossossossossosssssssssnsassossassostossossossossssnssssonsonsossossons 67
DLV e 2L VA L1 LN B T ap S R A= 7
Bl B eeeeeeerereennressessnessssssossssssssssossosssostesssossssssossssssossssssessssssssssossssssossesses 73

VIII



Table of Content

Table of Content
1 INErOdUCTION . .cueeeiicciirranriecssssnnreecssssansescssssssssssssssssssssssssssssssssssssssssssssnans 1
1.1 The harm and governance of Grid harmonics ........cccccceeecsccnrrccsssnnnecsscnseccsnns 1
1.2 Research status of harmonic detection ..........ceeeveecveenseensnecssnecseenseccseeesnecsnees 2
1.3 Research status of APF structure and control strategy .........cccceeevueeeccsccereciones 6
1.4 Subject proposition and research significance ...........ceecveeecvercccieniisnrescericssnnnes 8
1.5 The main research and chapter arrangement........cccccceeeeeecvnnrcecscccrncicasaneecssnns 10
2 Harmonic Current Detection Based on Observer Theory............ 13
2.1 Harmonic problem description and system modeling........... 13
2.2 Harmonic current detection method based on observer theory.................... 14
2.3 Simulation analysis .......ccoeeeiveccssiionssniinisnncssisnesssecssssesssssssssssesssssesssssssssssosansacs 18
2.4 Summary ¢ v 23
3 Adaptive model predictive control of current tracking ................ 25
3.1 Problem description and system modeling ..........ccccceveecrveicssnnecssneccssneecsnnnens 25
3.2 Adaptive principle of circuit model deviation elimination..........ccceeevrececnnns 26
3.3 Current tracking based on model predictive control............cceceecerercnercsnees 30
3.4 Simulation ANALYSIS ....ccccvveiiciissnniessissnricsssssnnsssssnssesssssssesssssssssssssssssssssssssssssnsans 31
3.5 Summary 36
4 Selective Harmonic Compensation Strategy of APF ..................... 37
4.1 Realization PrincCipPle .. icceeiicnissnricssssnnncssssssscsssssssessssssssssssssssssssssssssssssssss 39
4.2 SIimulation analySsis .....coeeieinieininnsensenisensenseessneiniesniiseesseesisssessassssesses 42
4.3 Summary 48

S Experiment on Harmonic Detection and Compensation of APF . 49
5.1 Experimental general structure design ........ccoceeevverccsnecssnrcssnnncssnnncssnsrcssnsecnes 49

IX



Selective Harmonic Detection and Compensation Based on Observer Theory

5.2 Hardware design 50
5.3 SOFtWAre dESIZN c.ueeerierinnrrecsssnnicssssnnricssssnsnecssssssssssssssssssssssssessssssssssssssssssssssssssses 55
5.4 ReSult analySis ..ccceececcercsinicssnicssnicsssncssssncssssnesssssossssssssssssssssessssssssssssssssssssssssses 58
5.5 Summary 61
6 Conclusion and OQUtIOOK.......eeeeeiieicciscccssrnnnnnieecccsssssssssnssssesscssssssnnes 63
6.1 CONCIUSION ..cuueerinnriirinricssnnicssnnissssnessssnssssncssssscssssssssssssssssessassesssssossssossnsssenasssnss 63
6.2 Prospect for future WOrK ........icceiiccissnniccsssnnnecssssssnessssssssesssnssscssssssnsssscssssses 64
ReferencCes .....ccccvviivvrrnnnnreiiecccssssssssnnnnseeeccsssssssssssnsssssiscsscssssessisssssssssssssssses 67
Publications and ReWards........eeeeeeiccccsscscssnnnnsiiciccssssssssssssssssesssssssnses 71
ACKNOWIEAZEMENL .....ouueeeiriiissnnnriiinscsirncssscnsrncssssssnncssssssssncsssssssnesssssnes 73



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



