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Abstract

With the development of building automation sysiem, the clectronic equipments used in building are
increasing with years, These equipments generate a large amount of harmonic current in the building electric
system, and the largest component is the triple harmonic current with zero-sequence characteristic. The triple
harmonic currents in three-phase will add together in the peutral line, this will cause incipient fault and
economy losses.

The tuned harmonic filter in series with the neutral line is an effective method for zero-sequence
harmonic mitigation. However, the series tuned filter not only has the de-tuning problem but also inject
fundamental impedance into the neutral line. In order to mitigate those negative effects, a continuous
auto-tuning zero-sequence harmonic filter based on an active reactor was presented in this paper

The independent control method of fundamental reaciance and third harmonic reactance of the active
reactor based on magnetic flux compensation was presented, and the simulation system for the active reactor
was established. Simulation results show the feasibility of the active reactor. The simulation system of the
tnple-harmnnwﬁllerw:ﬂ; continuous auto-tuning function was further designed, and the simulation resuits
show that this filter can suppress triple-harmonic current, compensate fundamental reactance, and adapt
variation of filter parameter,

The experimental system of the triple-harmonic tuning filter based on DSP controller and also a new
detection method of single-order harmonic cumrent was developed. The experiment at three different load
conditions was carried out, and the eiperiment results show that the auto-tuning control system can
cffectively improve the filtering performance of the tuned filier,
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Fig.4-1 control diagram of experimental equipment for third harmonic filter
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Fig.4-5 harmonics detecting result on stationary state
B 4-5 HETEERAMEA TR AR KEHBRTEICR N M DSP LHE
R, RPEK 1 HEHBESFOERS R, B2 ARMHA 3 KiEESR, BEAN

37



B E L CFALFERL

EFE 3 KIERARBREER. TLLEL, RHAREESRBESPHS 3 KiFKS
BEARESHA B3N, |

Bl 4-6(a) i 2 RREBMEHE S, B 1 ERBINERES. B 4-60) B2 R=
KEHEHRMGRS, B 1 RRUNZXERRES. TLEAATRETRLELRE,
KU TRME T,

[F 2357 OBV 72
B 46 HHRANMARSRBESHXRE
Fig.4-6 relationships between harmonics detecting signal and oriﬁnal signal
(3) HEFRTHRMER
AT TRREFAMANERE, XESENTRESR, NE&THTLLEHZTEE
HEHERT, TERREIEIBRA— MR AN, AERENN, RMNHAERES=
KEBESHLEREES B, RMSRFSERESHHAAR. HP, BH2ZHRA

wfES.

Pt

OF:-5: &4 () SWFREL
B 4-7 26T 1 7 104X 19 EE o 3l 5 06 B4R SR B R e i s R M
ENEEM T DSP LHLLHR

Fig.4-7 sliped window iterative Fourier transformation harmonics detecting r=sult on dynamlc state
© ZE/FT DSP BB RIEACS Bt A e B AR B Y BB ¥ AR iR E R
FFR M ERREEXBERERBIRE, BEABEERS P SHMANEE, B
DSP A 5 I RS A RKAE R BINKEAR . 63T DSPLF2407 %Y A7 EEM, KA i8R
F0[ kK 256 &, TUZE% T RtEs: DSPLF2812 SLBLRY, SKEE AT 37 3 1024 &, BLER,

38



A FDSPHEZAVEBABNGRTEER

SRR LUSTI B MO R, RARAE SR OUR R,

4-8 B A RHE RO 256 B FTRI BRSO 3 IR, B 1 AR EIES,
B2 ARMEHBES. BPALUEHRGEREEESRMBVES, REMRCEE—H.
PRB7E DSPLF2407 AT R IR R M, KA 256 mltiTRAEALEE, HEW 2R EX
FERMpEX.

(B EAR XL
B 48 RiFsh 256 RS R
Fig.4-8 effect of 256 sampling point

415MEBRREZEST

AH TN E MM R BT URA SRS, BaTRAETHALS
FHAHFXBEKSE. EFNMEZRAT AEBEBNEREAZAS, XATHXYYGE
RS, mE 4-9 Bios. _

HE 49 T4, ZRDHBPRBRE M EHSFAHREE (VSD, FEH4 R
IGBT (Insulated Gate Bipolar Transistor) fEH BRI Ug k. ELRDP, FEFBFE
BB AL 10A, PrULEEER T B 27 8 IMBH60-100 & IGBT, K#iehEk. HBeH
435 1000V A 60A, B BF M X R R A ThEE.



WER I A FMt Faip

U o

d-—_—_ .@-—NYY\.I
5872 IGBT4
oA
i 1FFE w
Ligs ar
AR Bk

B 4-9 FXUWER KB ERN
Fig.4-9 main circuit of switching type power amplifier

BIEX IGBT BHInI RN TR, HITE. XU ES MR H+15~18V M-75V.
% IGBT i, R G 5REBE ZRNBE Ver L F11BBE, LUF IGBT tRIZF M,
BIFiEn R BSE, LI TEBRE, X IGBT XK, G 5 E ZEAZAM— 1 RENRR
FEmBE, HEEERABEEME R, RREN™ . IGBT SB)E, TREHBERHEL
HIBE MBS R ENER, # IGBT ffatit FHlMRE. 3 IGBT 8, MR IGBT
FBHBAX, B8 % SR R sl Bk A 4-10 Frx. B 4-11 HMEFESH
LhREEE.

Uil
a , ouT- ;- .- .
_L i ' €1 l cie
cn €1z ZIWISQV. 104
. s-4= B4 OUTe = ——
"I NRSDIZI0 _N_m IGBT
PLI_1N4000
- — | -
1 : : g—4| | AH] .1 R13
. sp—— & [}
L [I¥] T
: 3993
S0ats0V +
<| Ci6
L_UHPRAY

[ 4-10 IGBT #5& 25 Wxh B A
Fig.4-10 circuit of IGBT isolation drive

B 4-11 IGBT MAR{EE
Fig.4-11 trig signal of IGBT



ATDSPHZAFAEABSHLHEEA

A2 B B 8 TSR F S 4 5 A R e LR O S A e AT R B B ek
A 4-12 Fim. EXH AT, BIMZRFMIESES i SEFRMIMERAE T i HTHR,
PERIRE i (EAER LRBOBA . BB i HET—K, B i KIER
A BB FRERNES, HFXA LR HEREH IGBT KiEE, AiEs)
Mz T AL
HE s

e gonie | | JULL

VSI
HOHES 4l

4-12 FFRRRRLBK B DI HE R
Fig.4-12 block of control strategies of switching currency amplifier
E=KIBREERPIMERRBE AL THRARRET LS. MAEIARR (HAKHE
BEAFEBEN O/ EFIMEERINBSFESERAULATRENIMEER, HELHRE
KA AR, ETAMZEABR KA RITAEHEE, 2R AR T TE
B, LTRERWAE 4-13 Fin. HPEFE 1 AHFIMEERNESES, B 2HR
AR KIMEEH.

b2 B3

4-13 BAES HMEHRNXRE
Fig.4-13 relation chant of dictate signal and compensation currency

4.2 RZENRG R

RAMEHA- R EERE DSP ZHBNRATOH. HEEFFESRIEMRE, X
FHOREHTIHE, PI BRI RFRBA LTSN ES. = KiIGHRN
A2 R RN TERS) O 4.1 TR ER, X EFERIBN SR ZE KA
PLRTT (A R . B SE X Bk e FR T sk 38 e Bl 1T 5 (el MR 1R, WRIE 4.1 TR RS
BOECR B2 HR, T LA7S B 0B ik 28 64 o T A P P £ R P A R RO B B SRR R AR

4



BER L K F R+ FaEL

U, =Usin(3,) U,, =Ucos(d,) (4-9)
I, =1Isind,) I, =Icos(s,) (4-10)
BAR (49) FABHAZMEE. FRIEEDEANMEZFATEAN+EE %
KRR B, RBAEE. BN RSN BRSSO RE SR =
KR RRAENE. FURMEOARER YW, TUEEHRALEEET P
.
sin( 8, - 4,)
. cos(4, - 4,)
_ sin(3,) cos(8,) - cos(9, )sm(é) Ul -Ugl, P
005(6 )cos(8,) + sin(d, )sm(d) Uglp +Updiy
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Table.4-1 parameters of experiment system

RELH BREK B
iR ZHNEHRCERE 220V/50Hz
WER AENERR=& 250V/1.SA(BE )
BER HABE0RE 88 8.5mH

HBERa 0% 3.0mH

B BEE 3.2mH

BEaES 150uf

HRBH 0V
#BE (VISIED) | EEFKL 400V/2.5V

Btk 5ARSV

432 TREER

WEERRESY, BRI, A BRBWRAEY 140.6Hz, KIBEN 64%.
FEEHMEA T, 4B i S F LA I LT .

a. BHGR .
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iR HE L BOR, B i REPHR EMZREB R, AE 417 ATLUEH, X
MASEBH, TR EORRKERNE, SH-EROZKHE, PR EAHEE
£ 124, ZXEBARTEENN 0324, KW H=XEHERAN 26.7%, =KERE
BILEK.

chl: 1A/Miv ch2: 0.4A/Mdiv t: Sms/div chl: 1A/div ch2: 0.4A/iv t: Sms/div
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Fig.4-17 patural current and third harmoenic Fig.4-18 natural current and third harmonic

current withour filter current with the un-tuning filter



AT DSP 64 Z R KBERBHILT S ER

B 4-18 AR RERMA LR R PR BREN=KIEEET. HPivE
LR BB, iy RPHE EHSRE R, AE 418 TLFERENABKEER
G sh PSR = VRIS R R R RN, U B L TR 28 3 R AL TR R s it AT EE I 2R 1038
HHRE.

B 419 ZMAMERFERMER. HP ivRPHL ELREAH, s BPHLEN=
YEHBA, i A EEEABBG MM AT, B 4-19(a)h SRR =Y0E S RS
. NBEITTELE I, SAEEHRE, PHEEREEME LD, TMHNEMZKIFRE
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Fig.4-19 natural current with filter compensated current
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Wik, #AEEEN = RIEKARET —EMBREM.

422 RMAIMERFUS HER. B iy RPHLE L RER, o RiB5E EHRE,
i A FEEPREIRAMERG. B 422 @)Y PHERFMERER ERERE, B 4-22(0)
S ot £k B T RSP RR R AME R T . AMAAMERTUG, PHE E=KigR B
RN, HEBR ER=YOREEH MK, RIEETIERETERBES,
BB B AR A TR S 150Hz, TTLUE H, AMERRR T R ARbeE
H—ERR RN, SRAMENER—B. WE 422 PAFLLEE S MASME RS,
RET BN, AKFETENREH=KIES B,

chl: 1A/div ch2: 32Vidiv t: Sms/div . chl: 1A/div ch2: 2A/iv 1: 5Sms/div

() R R B e ()P A
B 4-22 A b R R

Fig.4-22 natural current with filter compensated current

LRERRY, AFHRARNHRT, SKEEEERES g EM=Nin
FHATIH .
c. ZH¥NHAK

4-23 HZE A, B. CZHHBBRAARETARNBREBHHPHLDER, B v
RAHE EEER. TUESH, YRALHBARE, PHEMATER-KIEFRBAHA, £
P MEARE . SR E B PR L RIRFR DT SARR WAR R, AR L =K
HERBABER. :

chl: 1A/iv ch2: 0.4A/iv t: Sms/div chl: 1A/div ch2: 32V/div t: Sms/div
o H4eB=ZHERARRNPHRBER B 4-24 B\ DRI B0 TH LR B BB S R B IR

Fig.4-23 natural current with load launched into Fig.4-24 natural current with A, B. C phase load
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B 4-24 HBRAEEBEMHE. B wEPREER, ¥ o RBERBZBE. L
EMERNERRE, PHg EOaRAE 423 BRED, BERHES LENEE
BN 3 KEHEE. RAUEBRFJERT —ENZKERBEH.

M 4-25 AMARMERFEEAER. Kb ivBPHR BB, o REER LHBE,
i AE R TIBREIL A AME R E 425 ()N PHLRTRNEE R LRERY, B 4-250)
AP G BRAEREEARE UM R, . TLFH, SAMERRE, THE
SREEERAZED, MER R W= KRR EABER, HREH, ZKIEREK
BESHARTER, EBHEIEITHER EHZKEEEHR.

chl: 1A/div ch2: 32V/div t: Sms/div .chl: 1A/div ch2: 5A/iv t: Sms/div
(@ PHRAFRANEHBLE (b)) 1% R LA B BT
B 4-25 mAAME R FU P& BE
Fig.4-25 natural current with filter compensated current

M EREF LR TLMEEARF, FAH HICKI3166 @.ﬁﬁﬁb&ﬂ‘l’ﬁﬁhﬂ‘]ﬁ
FHRDEE S B TMRACER, LHHIERLE 42,

#* 42 BAREREETAESATIR THEEGAR
Table.4-2 the harmonic current with the Zero filter working on the different conditions

DERR | 1HmR ERARA) | 3 KEBERA) | 3 KERAHE
B4 KPR H S 1.185 0.298 0%
piif -4 BN BRI 1.098 0.251 15.8%
BA 3 WKild R 1.096 0.083 721%
1 BN R 0.208 0.399 0%
ik AR BRRIE 0.194 0.301 24.6%
#A 3 Wil B RAME 0.132 0.181 54.6%
= FEABEE 0.035 0.624 0%
g B B RAME 0.087 0.396 36.5%
BA 3 il R HAME 0.076 0.283 54.7%

ME 42 PALUEY, Y=RIEGBEBFHTERN, HPHK - KERBRRE—
EFBIER . APHRILEN, HEWEREREAHTEBN, RIETRERE.
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IE % 140.6Hz, PTG HISES; e A 33 A0 1R R 128 i [ i v/ BT A UKD 1 e [ 2 R
EFERA, MERARERE, DR U sBFcsSEsR. HALH .
HRKE, ERMTIMEN, BRFNTFHZEEBROBRARTHE. NEEJRL
F, *HERBRARRTEEN, BER0ERAIRBRK. EAA R ER AT REREH %
ROYFIEAGHFFRSASERSHHERA, ANTERT HRSFRXMES: @ #
R BT EGIN, AR BRI R SRS AR A SR R E
WERERANFEAFEUARNRARNLLBRR RBIERSH SEHFRSHEMERKE
.

44 G5

EERMTSEEHRNEM L, B TRBEN=KBRERBERRA. TAER
TERRZTESHEAR, BRBFEAR L TRMERARELTEORANLR. &
HTBHRZNARF. EARM LR TN RKIEREESH LAELERTT KRR,
KBGEREY, ZERERSESLINPHE F FHRERBARTHS, RERRS
M. RERFAEENR.



$RHAE

5 Zit5REA

51 &g

MEREMNSHRRE, DMABFOERRE. HARETREUAARENE. REEN
FRAFTRAXEREREAS, RRAFHEFERER B, EHEKRRTEN
ZXhE, NERSHAREPHE BN, SHPEK LART K. THRAEERSE
RLMEADREMEEENEERE, BRBEEEZIT FENYWAHEL: THER
BB TRZIER. mENRXFTANHY, BUEDARFPERUZR . 5
B A BEBANTREER AL SRR, WMEARFNN L W BRBEARLHFONENH.

AL “ AR FEHARSCELHBEE " HEMABRA, MR T PHELHER
AR ERENTERE, H4XERBEERBARS, BT —FHETHREHEN
BSRE R = KBRS, R ERAGRMES ATRE, R HFERT=
WL IESSE, FAURIER MR R KW R ARSI AEE BB FE . BT TR
ARTEBRRE, TE2WMEZKIEREHENEK,

Y EEE TR EA MM MR REER b, B T LUB6 R H AR
SRBEERBOBHRA, MERIEBBEZHTRENE, FULYERRER, B
T =R FREBHERRLHRT TRE. '

B HERER, RIXA/HLUTSR:

(D EitELHH. HENER, HATEFEERED RFERARE, HikE
ERRNAMRHHRET 25 KE. BFRBERAPHEEU=KEFERAIE, BEHE
PR IR

(2) BETETHRBABOTHE BB =KIEE A3IREERBNGHNET
WAL IR, HRMERRY, Ba)REEHERMRE TR B AEEN
B, FIRFHET 285 AR 4 B R B L. '

(DT T 3T REE M2 B 0 W e SR X 13 0 S mi O AR B O SR O Ry B T 05,
B R T AR RABORHRE. EMESAE AR FAR A EFEAME BT LLRTH
PRI E SR R SR DL SR A AR B ik e LSS LA R e 1028 M SIS IR
ik, ATARERABHNRRKAE LR R EHE

(4) FRTHHEBBEE=KEE AZhARBEBNTRAL, TRERIEHTR
AR THE RHBMH= RGBSR BB H OIS PR E= il i, HrEMzE
FERNEL S B,



HERLXFRALFERL

52 RH&

S UGBS R R — R AH FERBOE R B AR H R B A R BT =
Wik s v B T RS TAT R, ERAREEMENREMERNTHE, FRREZXLEH
RS HT, SEXBRMTHEERARRE. :

ABEFEEUT s — TR

(1) EREHBEESEEREEBRS EARFERRHZKERBE, g
BRI A NRBRERAE TR PN,

(2) YRGHMG| RPERBIRER, EEERGHL, MR ERBOY
RN — 2 M.

(3) RAEEE TN DSP BHE N, RARESH, SEHREEHHE, RE=K
R ERERANEAEER, RIEBHBNREENT. :

50



- Bl

B

WX THRAERN SR M HEROET TR, EREFRAFISNE—F8
HER R REMERMHSFEHE . RETEmiEk e RS, BEE ko
R BAFBHBIAHFRERER, FFEXERE., MRAMATESIME 1A, ¥
SIEANREESFERE . TEILIE R R FE AR R R MR

BHBRE A EMESES], EFFEFELEREZIFNE.

BYINA. WERMREFEERERFANRIRE IR DS FROIFRELD.

EFFRMEE A R ETLBHRERERT, SNRERHMHERE—
S BRRARELEE. HHEILEDL KEFE!

BHRKRERAR, URBAHEITRAA.

51



BEFLAFRALFERL

B

1) Atk DARFHEBEABRSTIHIMENESTRNA: [ML2R] D] . #il: #IX
4. 2005.
(2] RE HEBRA=XFHNLBESTE BETEERSHRLD], 2004,(3) 26-30.
(3] R HBRaF=Kiksk EHRD), 2003, (3):50-53.
[4]) 7. PHEIFEBRFARHR: [M-L2ARX) 0] . ¥8: BRXFE, 2004,
(5] Baw, BEs, FBRES TRBFBESOUER. HEB%I], 2004, 40 (6): 373~375.
[6)E, BA, MEE, THhE ZHANKWETEEHEESITERMNGHERSE. b T apkH
HAR[), 2000, 21(2):1-6.
[7] A, RERE ZHR. ZHNEH T PRk aiisnBairE @hRE a3k, 2002,
26(8):15-18. ‘
18] EX%, BE, NEE, TE WHMPNETTHERMEM B bR N T A,
2006. :
[9) mBEHE. (M) BE=AR), AR Jb3X: WS LML, 1989
[10] Lin Kun-ping, Lin Ming-hoon, Lin Tung-ping. An Advanced Computer Code for Single-tuned
Harmonic Filter Design. IEEE Trans. On Industry Applications[J], 1998, 34(4):640-648.
[11] ST KFEFMEEFE. ERMEM) . dbR: dh Tk, 1982
[12] MR, HERBHERM) . ARIE S U, 1990.
[13] Nalson David. A Self-Tuning Filter for the Mitigation of Power System Harmonics[D]. Canada:
University of Alberta, 2000.
[14) FEMk. FRTEFIEXRE. HEEH), 2001, (2):33-35.
[15) Lennart Carlsson, Gunnar Flisberg. Recent Classic HVDC Development[EB]. hitp://www.abb.com/ ,
2002.
{16} Phinney J, Perreault D J. Filters With Active Tuning for Power Applications. IEEE Trans Power
Electronics[J], 2003, 18(2):636~647.
[17] ZFig. ZRET @RS BHFR: [MLEAEX)D] . RE. HEBIKE. 2005.
[18) &N, BRfrX, WE#H A TRETEATRERENTRE. PRALTEERJ]. 2003,
23 (2):116-120. _
[19) ZEEX, BFFX, HAHS. ETEFEENEO-AEEEHEES. EHREAFL]
2003, 27 (11): 48~52. :
[20) TONG Xianggian, Xu Jin, XUE Junyi. Active Reactor Based on Harmonic Magnetic Flax -
Compensation. Proceedings of the Eighth International Conference on Electrical Machines and
System[C]. Beijing: World Pubilishing Corporation.Setp.2005.1750-1754.

52



AL ak

121) ¥ £7%. Hill MATLAB 6.5 FE[M]. b5: JESUMEMRKF HH, 2003.

[22) {TB% %. THS320LF240X DSP EEHFFRHEM) . ALF: PRI IkHiRH, 2003

[23) xIE, Ek. BAEEL N R A58 M M 4T, BIE P B R BB ERF
REWRIEIC), KE, 1995.

[24) B3, FERABAED I EHAREEM). L5 FEEH W], 2006

[ 25] Mahesh K.Mishra, Arindam Ghosk and Avinash Joshi. Operation of DSTATCOM in Voltage Control
Mode. TEEE. TRANSACTIONS ON POWER DELIVERY[J], 2003, 18(1):258~264.

[26) BGE. WEGTEHMBREER M), J65: HLR Tk R4, 2001

[27] Jason R. Wells, Brett M. Nee, Patrick L. Chapman, and Philip T. Krein. Selective Harmonic Control:
A General Problem Formulation and Selected Solutions. [EEE TRANSACTIONS ON POWER
ELECTRONICS{J}, 2005,20(6) 1337~1345

[28]) Dafila Mat Said, Nasarudin Ahmad and Abdullah Asuhaimi Mohd Zin. Power Supply Quality
Improvement:Harmonic Measurement and Simulation. National Power and Energy Conference(PECon)
2003 Proceedings[C], Bangi,» Malaysia,2003:352~358

[29] 3k, WA, ER, BAL. R ARAERXICE SRR MF . EMBTREFR( E
MEL22R0 (71, 2000, 28(1) : 70~75

[30)Shailendra Kumar Jain, Pramod Agarwal and H. O. Gupta. A Control Algorithm for Compensation
of Customer-Generated Harmonics and Reactive Power. IEEE TRANSACTIONS ON PQWER
DELIVERY[J], 2004, 19(1):357~366 ~

[31) Juan Dixon, Yamille del Valle, Marcos Orchard, Micah Ortfiza,Luis Morén and CarlosMafErmd.
A Full Compensating System for General Loads,Based on a Combiunation of Thyristor Binary
Compensator, and a PWM-IGBT Active Power Filter. JEEE TRANSACTIONS ON INDUSTRIAL
ELECTRONICS[J], 2003, 50(5):982~988

[32) Jiangtao Xi and Joe F. Chicharo. A New Algorithm for Improving the Accuracy of Periodic Signal
Analysis. IEEE TRANSACTIONS ON INSTRUMENTATION AND MEASUREMENT(J}, 1996,

| 45(4):827~830

[33) HIROFUMI AKAGL. Active Harmonic Filters. PROCEEDINGS OF THE IEEE[)], 2005
93(12):2128~2141

[34] Ak, %M, BB, 8. SHNSHABTEEHEES EEAYFH (Eﬁ&ﬂ#
#0) (71, 2000, 23(6) :95~99

[35] FHHR. MERMPHELFEBRAIT. REBL1T], 2004, (7):40

[36) %idk, Wil RER S MIEE R BERMBIHEE. £Iue LR 1T, 2002, (2) :52~54

[37) BEWL, FWH, PAE SXH. RSP RREDRRMH. Lt HERFRT], 1995,
22(3) :12~17

[38] Toshihiko Tanaka, Yuuji Nishida and Shigeyuki Funabiki. A Method of Compensating Harmonic

53



HEELRAFREFERI

Currents Generated by Consumer Electronic Equipment Using the Correlation Function. IEEE
TRANSACTIONS ON POWER DELIVERY[J], 2004, 19(1): 266~271

[39] FBER. KERREEGELM. RIETBUL), 2005, (1):6~7

[40] Jun-Zhe Yang and Chih-Wen Liu. A Precise Calculation of Power System Frequency and Phasor.
IEEE TRANSACTIONS ON POWER DELIVERY[J] , 2000, 15(2): 494~499



FEALE T WA A
RS ST B R RIESCIRR

(1) A ey, B, BREE. FHEBMSNENAESE. BREITRSFMRI]. 2007

(21 &9 BA, AR AT, B30 CPRS R AR ERBMARAFT MMM, HotBEVE B D] .
2006.

S5



	封面
	文摘
	英文文摘
	声明
	1绪论
	1.1楼宇配电系统谐波的特点及危害
	1.1.1楼宇配电系统中谐波的特点
	1.1.2零序谐波的危害

	1.2零序谐波的抑制方法
	1.2.1并联型无源滤波器
	1.2.2并联型有源滤波器
	1.2.3有源滤波器与无源滤波器串联使用
	1.2.4中性线串联滤波器

	1.3本文主要工作

	2零序谐波抑制技术及其改进
	2.1楼宇配电系统中谐波源的特性
	2.2零序谐波调谐滤波器的工作原理
	2.2.1零序谐波调谐滤波器的工作原理
	2.2.2调谐滤波器的缺点

	2.3零序谐波调谐滤波器的改进方案
	2.4基于磁通补偿原理有源电抗器的控制
	2.4.1有源电抗器谐波感抗调节原理
	2.4.2有源电抗器的感抗分频调控仿真

	2.5基于有源电抗器的零序谐波滤波器的控制系统
	2.6小结

	3三次谐波滤波器的仿真研究
	3.1仿真环境
	3.2三次谐波滤波器仿真模型的建立
	3.3三次谐波滤波器在不同工况下的仿真
	3.4小结

	4基于DSP的三次谐波滤波器的设计与实现
	4.1基于DSP的三次谐波滤波器控制系统设计
	4.1.1基于DSP的三次谐波滤波器控制系统结构
	4.1.2控制器芯片的选择
	4.1.3信号调理、同步与采样电路
	4.1.4单次谐波信号检测单元
	4.1.5补偿电流发生单元

	4.2系统的软件设计
	4.3三次谐波滤波器系统实验及结果
	4.3.1实验系统结构及参数
	4.3.2实验结果

	4.4小结

	5结论与展望
	5.1结论
	5.2展望

	致谢
	参考文献
	在校学习期间发表论文情况



