R e e

KT AL R A1 7 RR

FAREEH: FEXHIRXRAAEERHIIES TROLETHA TERRBH
R, RXPHRARAMEERLERRE . REFTA, BRI ELMUSREMBE S,
ARIAEEHMACERRRBETHHARR, EAEETEARMBA N RE T EAH
K¥ (ER) BREHENHRECRERERTERLHME. SR—ATIENRS
ST B HAE T STk E2E R SCP A T BB A

FEALZAL, ZNEEABHERERTME.

> Az
EEREES L R B 7%; A 200 % 6 Al B

FHE X ERRNH

AANFLEFABFTERMAE (ER) BRERAFEMLRIT (BEERRTHE
RIRCR R TR, (5 R 7 NEBAEERRT - REFARIC, HHE B KE X G
) BRI, UFEARTHRA B FIIEMTHREMR L, RFEALIRHEN.
ERMEE, HELRIMENIBINERATRUEERTRE, KARH,
FREN AR B F BRARTFEALIR L

OREF A0 SO ) 1 I B2 A L.

D -
BAHEEE L T £ 75» Aol & 67178
BeRTEL: an/l At 200/ % 6 A1 A




B =

FERNETFREERENPHZNR, KRMFERRHLE, SFRR
REMERBTRENRANTEE. WEEMERADETERN TR, £8
HMNERERRERE, SEHTERGECSEN - RNERNARE. Bil, TIHFEK
BOTRAFEHWE R, RAEER. SPTEFNA, HRE B RIS AH i —MisiE
BF R,

B, ASCRIE AR RN B 5 KR A REREAER, FIATERERSNEE
MNP MR IAXS Y, B 2T AU, B TR AN PR LE.
WELE, ARSTAEREASF T RSTEEAN AR P RRNER . IR
R BRI A AR, KA BB R 5 U SR 2 S R T A A R i 5
¥, XPBTIEEETT 2.

HIK, GEEEBATFER. BEH, RLBTEREK, BT AmEFHRNRA
HERERBEORUEREER. 0 TEMETRERR, RAETEHRENEEGS

R EREENRNRERRLE. A THTREARRSGERE, HANAHRIR

ARERRNRUEET, &5 THNEERER.
BJE, Ll — & sKBRRC R N B A BT RS, B4R R EH RN R R,
RE T AXEEMRFFOIERE, BHEXER,

KRB BRI, TEERS, MUEREE; SuthTH




Qilfield distribution network harmonic analysis and Passive

Power filter optimization

Wu Guolu (Power system analysis and control)

Directed by Professor Liu Runhua

Abstract

With the widely use of power electronics equipment in the distribution network, some
negative influences on harmonic distortion, normal operation of electrical equipment and
reliability of power system, become increasingly obvious. It is an important research topic
that accurate analysis and calculation of harmonic components of the distribution network,
controlling the level of harmonic distortion and reasonable harmonic management. As the
passive filter has some advantages such as simple structure, low cost and convenient maintain,
it is still the most common means to control harmonic distortion at present.

Based on the characteristics of oilfield distribution network and the basic theory of
harmonic, this paper has researched the basic structure of the passive filter and related
parameters of the filtering performance. By analyzing the generation mechanism of harmonic,
the paper has established the harmonic source model and the operation model, in which
transformers, transmission line, the load and other components of the network operate in the
conditions of the harmonic circumstance. Making use of decoupling of Fundamental power
flow and harmonic power flow, the paper utilizes the method of separation and iterative for
Fundamental and harmonic power in order to calculate the harmonic parameter and analyze
the harmonic in the network.

Then in consideration of the economic indicators, harmonic suppression and the safe
operation, the paper establishes optimal allocation model, which makes investment costs of
the filter as the objective function. The paper analyzes the fuzzy sets decision-making theory,
and a method based on the inherent structure of the network to determine the optimal
installation location of the filter. Besides, the paper has researched the Particle Swarm
Optimization and the Meliorated Particle Swarm Optimization, applied them to the filter

optimization, and designed the corresponding algorithm program.
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Finally, a practical example of oilfield distribution network is involved to check the

design. By comparing the results of PSO and that of genetic algorithm we can verify the

correctness of this algorithm and program and draw relevant conclusions.

Keywords: Harmonic power flow; Passive power filter; Optimization; Improved PSO
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Fig3-3 Fundamental power flow diagram




FREMAF (ER) BLFMIRX

3ok, % LG RAEN, SRHMSHAR, + X, FHELEES A TFEROAHR,
RUIIE. MR P, RAHLG RHL MBRRGBANEN— EAE,
BASKERE M PCC, KIAMEEBI B B, BINNBH BRI P, MABIREE
90, 44 o P

P, =Py +B,+P, (3-10)

Zg, I,

<&

*

\& |
IR GE——
Wbl & WL Tk

B34 EBHRRA~ER
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r,, =0.288r,, +0.138,hr,, (3-18)
B, ke A KEMIERSECh:
Yor = jhby, S /km (3-19)
Zg, =Ty + jhxy, Q/km (3-20)
REFEMES, TUEHSTREBRNMET, HaK (3-19). (3-20) HITHE
KB HIFE S
2. RE4

BEREHHOHEE, FHE RSN, ERENMA LR E YA,
PR, BEERERENBILN, KRARLBER. FEKERERT, ERS
B I ) LA RO 20 T D288, S T M A T 38 U S, ORGSR 4 B
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Fig3-8 The harmonic equivalent circuit load
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Fig3-9 Harmonic flow diagram
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BRMAREME. R, HRU,FMTHDU, RN EiFREr KEFERESHENLE
BEERER;, U, ABiTENERREERENE, U, VBEEEDE: Cypy AR
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REERRRTINBRI", ERRA:

U' ="' (4-22)

o1
= Z?Qﬁ(r‘ﬁ)ﬁ" (4-23)




FRAEMAE (ER) BEEMRL

& 1 KNT 7k
- EE(S,. )1 (4-24)

KA, A"AYORIEE, 6" AY MIHERE, T/ hY MEARERBEESF]
HE, S hRBEEEY,

X RBAEHERES, K-
! oA
' oy
Sh=Tr@NY = i . (4-25)
o%' oA
W W |

REEEHEH G TERY T SMEETER UM EENRUERI, R
(4-24) WAV AHERNTZH, ZXEHTRY, ELENAT, JFSFJLHN
WESMEEEEAZHY, MAR (4-26) BAERAMTERT RS ITE W
Ykl

s¢ (4-26)

RH, ¢ HEKRIRE, —RTN0.1, UM AK (4-24) PEWMEBHEEMKANE

&,

US| ARG, 2EEARRHGEAE, SEEREHE A, <
3 A |+ BEM A, B, AR (420) ERGHERTLIRZREERO, BRH
DR EERRER, WO THIE.
432 BF SN #EERRRSEREAT A

PR BB R 9 5 L, 108 (28 SR PR IR,
TS I R A R B R AL AT AT, 3 VOB B AR
ALk, RAGEE BRI i) TERR AN . B, WHKN |03, /02, EREE
(8, SR A R B RO A FIU , BRI B R BT

RAEHHE S BIT

LRI EAR, AHBRRERKE, BFNA, - b, Bh BB

3




F4F ERMLRERESOMLKE

BEARBER RS, Wn=1;

2. HERMBHEREKSHEREY, BELFTIESHENE. RERSRHFN
B HEM RO R GRS, , , WERAN|04,, /oA, | EXRMH SRR, BEIRE
HREQ, ;

3. BEHEEKRE, n=n+1, £h <n,, BESE2, &, Xik.

433 BHERRKEMAR

BBk B MR ERIRIRF X RILRBRATHF, RE LRI EN RS T E
B “AAHE” W EW.

EMEREPREN T EEDR:

BRI X ={x,x,0x, b B X POTEHT], Bm BT (B K
Vo=l ) B X FHITTRIE AT, 45,EX, B, (x)RTE mBHFY,
HEE X, Z RN RGN, W |

FEx, 1V, PRHESE 1462, WB,(x)=n1;

Fx vV, PHESE 2460, WB,(x,)=n-2;

B3, TV, IS kAL, WB, (x)=nki #B(x)=Sn,B,(x,) }x, 1 Borda 4,

K, hERIGHERMERRENNE, REFHFA TR Borda K/
F, WHFREELEPEH— M EEE LN,
434 ETEMERREHERLFZNREREMUE

i ISTN BE &R BREMBMRET AESQ, , HHIHL Borda ¥, RFF

WAKEHAEREERES & A —ERUE. RRBEREKOTA L FRER 1,
W5 & i 59 k R R R 2 R S E. % Borda BUHF, BEIRERS,
3% A " Borda FUB KA AR S RERENE.
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FTERAMAFE (BR) WHEARI

44 MFHEEIHR

K FREE Y (particle swarm optimization, PSO) BT B AFRLERIN—F, BETH
SEUTRETAMERY, 805 (KPP ZRMEFIMEEREIZIRIT.
441 HTHEEEMERY

RTBREENERBRETHESE, REFXE-NMGR: —HOERXIMKBAMR
B EREY, RMRBERE—HRey. MAEHNSHEAMESYERE, BERMA]
MELHMALEESEYTA ST, BARITYHBERRBRELT B RWERE
MEKARRE. BdERSHERR, HERAEES0OLE, EYREMZERY,
BAKIIEY.
442 RTBREZNEFER

MRLFREEEMER, BRHEENEEER, ERFRULEES, M

BHRA— BT BMFRRE-ANTTH. BRRE— D ENERXEN, &

MEFEEER A, BEREG m MTAR m EHIRTRORE, &
2,=(2, 250 2p) RABIMTF (i=12,,m) B D EMERE, FARESRHRNE
BEXMBENERNY, o %W BELEE, RERRTNLTRE GG,
V= Guvvare) DRTFHOCTEE, ORTEAOES,
B = GuParpavope) EFHFE A N ERE BB K& E
B, =(Dons ooy Buarp ) WEA T RES ISR ES,
ERKBEE, BTRER (420, (428) BHEMMGE,

Vi =Wk 46D = 2) +Crry(Pyg ~75) (427

2 =z 4y (4-28)
AF: d=12,--,D; k HERIKE:

AR T
ry r,—[0,1]Z Bl BEATEL;

w

¢ Cz_""?lé}:] HF;

33



F4FE KRMTRERSBORIEE

pu—d & LB TFIEA K G IR B RN
py—d B EHEARTEEA DL SRR,
2, — B TFRELES d & LN
va—Bi M TREBES d & L.

AR 427 FHEZTRRFRE MM Ha, RAEATESGHWFENEN, B
SHRK TR “HE” 89, RREHTFZRE—FEMERAI, RyREde s
K%, FEHIRERFROAE, S8 MATEBRNG 6, AR E—K
EREEE ., LM ENESBRFLRERABRTNAR L BMERREFER, §
RIER (4-28) FEFMORTEMOME. PSOEF—KERT, RTRIIFHEBLEN
ENAE, BT FRIZE LI RIINBREUE, 2Hh “BiEIL pbest”, &
ALNEIZA PRSP A R T HREINBTNE, B “LREI ghest”. FFBMMBNE
RBEMEXHNBREREBRTHERKN ST ML, BEERIBRET,

443 NTHHEZNSESH

BTHEENSHEE: fHETF. ¥IRTF, HERE, BRASRKE, BXE
BE%.

1. AT

YR T E IS i — R SAEEN W, FEENTHRRERDFITEES,
w RN, RFRIZA—EENNED, FTEELHENEET, RBERED N,
AR TFEEMKR. wBKE, HFRIZi—EERNER, SEEUGIREFINXSE,
BRI TR RHEMR .

2. FABT

WBHEHN AR BRGNS, HUUmBEREPIFORTES, ERRRAE
SHE K. 2IETHRFRRTRNLIMEN, HENES SERTEBREHIME
!, SEOESBHTFREEKER, BARBRLE. 2 =08, RBNTRE “H
&7 Ba, FRNZEFNERTE, WAEEL—RTR, TEAHZBANRTEILE
% =0 i, RFRE “Im” #H2 MZRBREXE, HEERET -1ERAK
BEHLIER, BRSNS,

3. MR
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FRAMAKE CER) FLFERX

BT R MAS— M ATEC 20-40, X FEAF IR FHTIE 100, FEFAKS
FwitEnE, BRRRAGERE; MMM EENI TR, EURRIRINE.

4 BRI, BMER

FERTFHEEY, EENBEEEEERN, RETLHNESRFMEZ K
A, BERKRFENHET Rk EMEHLY, LSBHRBTRITR, KNHIE
LBFNBEZRMARSEER. B, HNZBHRTORNERE, NERBEERN
BAE, RIEHFE&BERENNE.

5. BRERKE

BT REE MRS — N 20-50, BTETIABIBARMHGE, ZiEPIR AR BT
B EE B RENRK, 500-1000, KEHERTERA 50 BT RERMMHE.
444 WFHEENERTR

1. VAR T RS E. WEAERKEN n, HEXERREN, HEAE, &
BB FIPIGHA B RER

2. WEREMETHOBENM:

3. BEMTLHRENES B &/ MEK R B pbest L, FHH T HENE
WFAMER R ER B AL pbest, W4 pbest 2T LT ) 24 50 & MY AH

4, BEMR T LA RENE SN2 RBME gbest LE, FHFHENELT
MERL RBARAE gbest, WE gbest & T MK F K 240 ZRAE;

5. RER (4-27), (4-28), EHR FHREFRLE;

6. n=n+1, BEE =L, HEREF—ANBHKENESRE n X3 REHRAERIK
Bk
445 ETHRFHEINERMERZSHML

AL SR E S, B MIER S HH RALR R AR 7 EX i %
A, B, BEENEE&TB FMATLRAHTML, Bl iEETHM, £
B EEPNEREMEE (MEFEE. BARE), REMREM KRR, B
BERFH., TIMESNEELE, URFEMSBRELAEHZRE=LEGRRE, X
B RS EHT R ASTRA U L3554 47 i Sodt R F B R RN TR B K S
BT, UTERKER.
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B 4T RUFMEHEEAONLEE

446 PFREZHNEEMEERSZSHML

1. BAHS

RTRBIOTEAEEEWRTRICENRARE, EXTFRAT, BTRRDY
TG RAE M R XN, WA RAEERTRRAR-HRBEARRARNN. EF
I EEREE =, BRTEE. REtAMETRE.

RIS EE ZHHmE. SRR, FSmD. RELHDE. BROZEHmE
RETHANS 0 M 1 ARM_MERTE (0, 1), BREKERK, #nLRE™,
ASCRARRLF BRI R T IS, Tt HENEN ERARD, BNEER.

RERMERBRARERE, BESRENRECEETETENELETR
KMEFEREWERTAMHE, i, HFmIOmEREaaAE,. fRE. BHEEND
MRES, RFRIEBEERA: pos=[C,,Cp,Cy,LyLy Ly, Ry, Ry Ry 0] o

U TOUR v B 2% BL vt i R SRR, B

1 R =w,,L,,

2 (4-29)
w, G, Q

L=

mEE MR E A L, ERRTFRRmEERER pos =(C,,C,,,Cy,0],

BREWD T RISKE. REIEZR, KFAEH—KN 30-60, BAKEERIEESD
MMELFORTE, TIHACH T HEE A ER R R R B4 .

2. ENEH

WY BEERENEXSRBATRTORRER, DM TFRITENE TR
AT EFRBERENLREMNE, BREETERZAFEN M TRTENET
H. RIELWRBLMEFRS, BENERERFAWT K.

N M
Fit _ness = [2 Z(ﬁ, (Qewy) + kL +K,R;)] (4-30)
=] J=

BB RAER S, TEER BRI R/ME, #CEIENE R TR
R (4-30) WB/ME, BEH FRTIABLKESRIEBESNSE, HREMLTHE
MBI ABNRA, hEFRBRMENERABIMERHES.

3. ARFHHLE

WEWEETRLOER, EEMERSORUEENARZMAEFAR (&
KHRAR), RABHEWRAR. BESZLBTARMEMTHDRMELR, &
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FEAEMKFE (R MERARI

BAEWT:

(1) EAAR

ERERORMUTIN, FRARAAEEREMEREBATAIE. ZRAAE
SHNROEGTET, HERNER—HSRTE. diEETHRX (335, EEK
WRBER, MEMT ERENSE MABRREERTERERTE, BES,
BT IO JG PG I KRR

(2) BHEHRAR

1RIE 4.1 FR(4-9). (410 R KK BRL R, £ RBEEE BN Cypy »
B R R N A Cppy - RABEEEEPERE. SHHER, HERARR
ANEM TN £ ST E— MR FEBRSRERE, HHE/ERKIEHBERE
BB HERER, HNXHISHRBENETEN, KEMEEENRH TR
B, AT —WER, MXFERSEEEREERNE K. FXXKANRLRRE
MRS, ATHEARBTEAE, BERORTEN, HRIFORTHT. B
S RHRERFERBEBEARMNT, WREFAHR SRR ERRN S ETE TR,

(3) ZRBITHR

B 4-1 HR (4-14), (4-15), (4-16), BITFRAMBHBLNHZBERESH
AEAR, BIEAR, HELAR, BUABREBARAIN (4-16). (4-19). (4-20), T
AARRRERAABRNAEEE. BEMRFHEEBASHDHIAAR (4-16),
(4-19), (4-20)) 1, BESHMAEE, BEMNHPHERKENEDERBZERSHH
ERE, RERERERRTREET.

(4) EHAR

ERENER SN HRELES, RERX 42D, FEEDHEMEHEK.
KA RREIThMER R, Bl BRI E AR MEP R i, E]
S ERTH, RIEREFREDE LS KR T, BRET THARMTEEX R
ETHTFHEH, FUHAMRTFEERAZETAKR, %0 THTFHINERZR.

4, BMNEE. BREEKMRS, EHEECE

MATE AT, WFBEER T EERAENRERBEEN, AICKARNREER
MR AN THE B/ NERER, WML E AR NEE, DiEERT
BAHEN, Wo&LHEENEEE, EEPN, RETAWEE. THTARR
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F48 KUMERBRBOMMER

vel = v Voin SV SV (4-31)
Vo V>V,

BNEERBKEENRHE AT EREENLE.

5. BEsHmEs

EENER TR FREENEERSEM, RIEERBSAAEENELLEES
EREOT: BRERKENICA 50, 23EF C. G—RKABEMHE, RIERER
B, FEE M EUR 40-100, BT H D RIS BEIEE B RERE . BRAEE Vi
— BB AR T RRLTEE R 10%-20%, KR ERH THELEREE 15%.

SRR T w TS, FARERNEME, TRR AN R &M
HH, HRBEEARTH:

max  Tmin o (4-32)

Hb, wo, AEEHERE T, w, AREBHET, &, ABRKERKE, kA4S

BB K. R (4-32) BT RoR M R 508 6 00T B 72 BRI FF 46 9 B 4R 4 1) T T 4
(exploitation), #R)5 % #7% A T JF h(exploration), MII7ZERIXRALME, RAKFH
(=871l 3 A

—RELEFR AR, XESH L EENRBER, ARAE-NSEBERTE
MR, bEE R BENAR, FRSHEMERBELEAE. Eit, U ESHENAZ
LIRSS, mAREEENERE, ERFERATR. dTREMBHAR, ULSH
WAL AR E .

6. &ik&M

BT RHBEKERREEN L&, CREATREEENEAMB:, HiELE 50
RIS E N BRI BR AR, WGBS, o
447 NTFHEZMEBNERESERLEZSR

AL M LIRS SR AR BN B LR EANT:

1. MIsBECrMER. MARAMKCERER. WA RERYES, AHHE,
TINE., i EMENEEBR. RERE B RS H RN TFREENEXENSY,
BERTEIE, 23RT. RFHREE vel. KFHIIHLE pos. MK FHRME
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FEAMAE ER) BLEAEX

pbest. 2 RRMIE gbest.

2. HERBETLHNERERTHERSE, #TERHREEEAKNTH,
BEARKEH R MBI NSH CRRARRMRE, &RIERBERRENSEREE
BER), HEMENEESERTEIMENFE FEIHE, WHTERRE,
FHEMETLEA, WEREF.

3. R SAERE, RAETHME LA b J R M E A 508 R e I %
KRN E.

4, WERBHMARTBOLRM, RERTFHSEOCH, REFRRTE
B4 R AW R IRE, B R TR, BENVERR&EEIRRT.

5. WHERTFHRENE.

6. MELHTBIFEESNEREY =Y +AY, BEAT MBI &, HIT & R
HEREENSEKHEMEERETENCTEEA, AABGEEESMNEE, BTe
PRHERRLF R BT — AR, 3 BRTFRLF AR A& N, TOH i AR AR F 19K

7. WBSMRTHER AR L6 MERMRE Poest, HXTEMITRSE, ENE
/NTF Poest, TREEREAE A HLF =67 RIS LA Poest.

8. EFEHA KT H I MEBME D B /METE AR T LE 2R RITHE gbest.

9. WHENFHEE, EHNTRERMCE.

10, HWFRBFERFMRSKM, HXRZE, RESLPREEH, HHSBAFEN,
Mt B ARG 2R o

ETEHBAMNFRESEREDE 4-1 FiR.

45 KENE

BT T RRIEHSBE AP P ARE, RIGHWRT E SRR, EE R
HSH URAENGRRECHERRE, URASNERNMBEANAREN, BT
TR SR B, AT EME N RRER, RAETEMELRRMEET
GHERE RN REREME. RAFTATRTRRILEE, RASORFHE
LA AN R R SO IR B AR, MUERSNS BT IR
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F4F KEMERREBORUER

pig]

VIR R B

v

WHE RSB E S R TR R MRS R it 5

gRER <_FWrigig 2T R

SR PR LR R L sk SR P 45 [ 6 W B TR A B IR AR O S AR A B

Y

RES A EERSHTF

HEEHTFHENEE

Y
L RNIERE, BTSRRI
$, FIFISGIRBERE A& RGBT
Y
FEERE /MR IR E N R AT Ak det
AR, EHRT R AR

R RT A R SO 0 fe
H, HEHERBITF

Y

AT ERME

BBER

41 BEHERUEEREE

Figd-1 Filter optimization program
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£5&5 BN

HEEHHN T RGOSR RS, B THESRARTEE, MR
TR TR M S AT R A BT T RS, HIRIE S0 b AT
Tk, RSN TR SR AR R AT ., A2 AR
| IR RS R SRR T T RAT, TOAES B 00 E A S
|

FREMA¥ EF) FEEERLT |
|
|

51 BEMESHIER

DR ot FR A2 SR e — 3 — % okV BT AR R 0 51, X i TR H TR T B S
NATEESRUEESFTLR. ZABREBEERBTHERT, FHHEHA 208.3kW,
Tshsfihy 187.9kVar, BEARMMEGBELME 1, dETHZXEE 15 OMH, 3
SHKE, BANATSHE 5-1 Pin. SEELBRA LGI-70mm’ $4, K 3.46
AR, HXLEFA LGI-50mm> §4, KEH 3N AR, BEARALKILENE 131,
Ko BRI 5-1 FiR, ATANZALRERILE 40 MR, 39 K30, &N
HWRZEET A LERTEY A, B/ 31 FRANNARSHENNERTRS .

25
2
28 35
26 ) M3 @
38 39
27 34
1 2 3 4 5 6 1 8 9 10 u@ u@ 13 %ﬁé
118868 8 n0 6 ©
20 21 30 33
ggg 22 29 36 2 0
16 31
19
17 32

51 BHRMEHEH
Fig5-1 Topology of distribution network of oil recovery station

Kl RN A& B & A RAS IR 51 Fm. T i WG A S
A& RHERMMI, SHREHBEK, FE KDRDE” RR, DREHEBD.

41




85 & BB

#51 R KHNAHSHE

Table5-1 The parameter list of the distribution network load of oil recovery station

# 5 | wREHK | HUHHER GW) TITIE (kVar)
TR | AL 14.5 6.675
4137 | Hhhl 10.825 13.257
41-F36 | BE 8.55 9.75
4128 | Hh#L 10.65 6.15
47# L 10.7 6.15
41-17 | HhAl 6.525 6.975
Cs3 AL 3.225 14.4
41-8 L 12.95 16.875
4135 | HuhHl 7.365 8.4
47N10 | Hhih#l 6.075 7.875
26-36 | bl 15.305 8.95
2602 | Hhid#Hl 5.625 531
26-48 | HhimAl 12.925 9.975
47-11 | Hhit#l 49.8 39.675
26-3 film At 9.775 6.45
46# Hhih#L 5.625 5.831
LC201 B 13.375 7.875
INX201 | WHE 4575 735

ZBRABRMENEERERSEWMEK 5-2 Fir.
52 R KEMEERSHE

Table5-2 The parameter list of transformers in the distribution network

5 | RARAS | BRSAR KA | FEBE W | AERE WD | BEHHLE 0 | 2E8UE (5
TR | $7-306 30 150 800 4 2.8
4137 | S11-50/6 50 135 870 4 12
41-E 36 | S11-50/6 50 135 870 4 12
41-28 $9-30/6 30 130 600 4 2
474 $11-50/6 50 135 870 4 12
4117 | S11-50/6 50 135 870 4 12
Cs3 $9-30/6 30 ”» 4 2

1JU

2

400
UUVU




PREMKE GER) BH#Ae

# B | ZEBME | BEBARKA) | ZEIE W) | AEBRE D | BHREBE (%) | ZHEH )
418 $7-30/6 30 150 800 4 2.8
4135 | S11-50/6 50 135 870 4 12
47N10 | S11-50/6 50 135 870 4 1.2
2636 $9-50/6 30 120 870 4 2
26-02 $7-50/6 50 187 1150 4 2
2648 | S11-100/6 100 200 1500 4 1.6
47-11 | $9-100/6 100 280 1500 4 1.4
26-3 $11-30/6 30 90 600 4 2.1
46# $11-50/6 50 135 870 4 12
LC201 | S11-50/6 50 135 870 4 1.2
LNX201 | S11-50/6 50 135 870 4 12

RN AT E R A& R ILE 5 B BERFT, 252 BERAE K.
Stk 5 RbiE IR IE AR AT TS BINE, 2R A 17, 22, 32, 35, 39, HERE
HEREIME 5-3 FiR.

£53 EARHEMERESR

Table5-3 Harmonic currents injected into distribution network

F U R ANRIFRET 2 (AL A FIRE)
ks S WK | 5 WABRL | 7KK | 7 IABOL | 11 KD | 11 AR
17 | 53 70 3.05 25 038 40
2 24 46 1.0 -65 03 -20
32 3 45 11 75 0.1 22
35 | 694 60 3.8 -50 0.9801 -15
39 | 415 41 32437 | 52 1.2978 47

SRR ERML AL L S KBRS R, 7RERS BN ERAERY
ALERAME, ETRNEKEEREROHHESGROER 57 HR, BLULAESH
aH, FEMMEABETIERIEE.

52 EREBNEELERS5AN

RIEENE 43 ik, MEANERBZMRUEE, & MATLAB A THET £
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B 5% HploM

TFHRBREMEEAREWE R BERENRECENEF, REMEEFTSHERE

L B P ¢ o R P SR R T KR T 3R 5 B IRUB I 38 R AR AL B IRIE T L 0 R 5-4 B

54 BRBEBEEHHERET R
Table5-4 The filter installation candidate node

YE IR RH fRiE RS
5 Mrog s 2, 4,23, 9
7 g 9, 12, 30, 31
11 Frigu a8 16, 13, 6, 31

RIFEE L RKI, THEBE AK Borda HINK 5-5 Fizm. % Borda K/

MRED A, BRNERBREREMELRIEK 5-6 Fir.

£ 55 HiEYRH Borda 3
Table 5-5 The Borda of candidate node

WES Borda % WS Borda ¥
4 8.1661 6 3.9288
9 6.5241 16 3.4650
12 6.3565 31 3.0216
13 5.9453 30 1.4127
2 4.3804 23 0

#5-6 BHEBHEEREVE
Table5-6 The best location filter

PR RN BN E
5 Brogwak 4
7 g s 9
11 Bragi & 13

RILBIE 4-4 FTiE, RS T RASH FHEZRUEZRSHNEF, £60
HESHEREMT: BXBMARE N=200, FEFIE M=20, #3JHF ci=c=1.49445,
BB F B B R B Woaax B 1.1, BME Wiia 59 0.7 B Z 2BITHREA: K, =11,
K, =13, K, =135, BEBHRASE, kb 320 5t/mh, k% 88 T/Q, ERME

i1 6kV 5 b KIEH B E S HEREE Cupy=3.2, BEKDEWREREE Crpn=4. 1%
ULSHREREBHGE, KANNERBRELNE ST FR.



FRAEMAZE ($FR) BEELRX

F 57 RAEMIBEEERETRNEEHRER

Table5-7 Distribution of all the nodes before and after filtering case harmonic distortion

. SKIBHEHER | THRBEEEED | N KERSHER | REEREERS
U v | e | e | EROR | | WER | T | B0
1 | 46119 | 04372 | 32123 | 05170 | 1.0020 | 02952 | 5.7086 | 0.7386
5 | 52129 | 04370 | 35130 | 05174 | 15013 | 02955 | 6.4629 | 0.7386
3 | 5.1966 | 0.1844 | 3.5068 | 02051 | 14961 | 01704 | 64452 | 0.3241
4 | 53961 | 0.1835 | 3.5067 | 0.1942 | 14960 | 0.1642 | 65447 | 03136
s | 51955 | 0.2034 | 3.5067 | 0.1807 | 14958 | 0.1552 | 64441 | 0.3135
6 | 51949 | 02631 | 35073 | 0.1644 | 14957 | 01394 | 64440 | 03394
7 | 51946 | 03093 | 3.5081 | 0.1603 | 1.4958 | 0.1245 | 6.4443 | 0.3704
g | 51953 | 03603 | 3.5096 | 0.1683 | 1.4962 | 0.1099 | 64456 | 0.4121
o | 51970 | 04492 | 35125 | 02025 | 1.4971 | 00847 | 6.4489 | 0.4992
10 | 51971 | 04641 | 35129 | 02144 | 14970 | 00775 | 6.4491 | 0.5173
1 | 51976 | 05080 | 3.5142 | 02554 | 14970 | 0.0553 | 6.4502 | 0.5716
12 | 54987 | 05230 | 38154 | 02692 | 15974 | 0.0485 | 6.8807 | 0.5004
3 | 51981 | 05263 | 35150 | 02731 | 14972 | 0.0384 | 64511 | 0.5945
14 | 51979 | 05267 | 35148 | 02732 | 14971 | 0.0385 | 64508 | 0.5941
15 | 54387 | 05512 | 36771 | 02852 | 15657 | 0.0303 | 6.7492 | 0.6213
16 | 52195 | 05024 | 3.5167 | 05791 | 1.5033 | 03173 | 6.4707 | 0.8292
17 | 6.1081 | 09262 | 42062 | 0.9847 | 1.6870 | 0.4707 | 7.6057 | 1.4304
18 | 51957 | 0.1841 | 35061 | 0.2054 | 14959 | 01703 | 6.4441 | 03233
19 | 54324 | 0.1921 | 36657 | 02144 | 15639 | 01774 | 6.7375 | 0.3384
20 | 54354 | 01925 | 3.6678 | 02035 | 15645 | 0.1715 | 67412 | 0.3276
1 | 54332 | 02137 | 3.6660 | 0.1885 | 1.5629 | 0.1622 | 6.7381 | 0.3272
o | 57580 | 03952 | 39820 | 0.2485 | 15711 | 01812 | 7.1749 | 0.5004
23 | 51030 | 02621 | 3.5059 | 0.1643 | 1.4950 | 0.1304 | 6.4416 | 0.3393
2 | 51907 | 02623 | 35043 | 0.1633 | 1.4943 | 0.1393 | 6.4387 | 0.3393
25 | 54258 | 02743 | 3.6626 | 0.1713 | 1.5614 | 0.1452 | 67299 | 0.3541
26 | 54336 | 02756 | 3.6675 | 0.1717 | 15633 | 0.1452 | 6.7393 | 0.3543
27 | 51938 | 03095 | 3.5075 | 0.1606 | 1.4955 | 0.1245 | 64432 | 0.3691
28 | 54271 | 03235 | 3.6649 | 0.1677 | 1.5624 | 0.1295 | 6.7325 | 0.3864
29 | 54351 | 03767 | 3.6710 | 0.1757 | 1.5645 | 01149 | 6.7427 | 0.4312
30 | 51970 | 04478 | 35123 | 0.1985 | 1.4971 | 0.0856 | 6.4487 | 0.4964
31 | 51971 | 0.4452 | 3.5123 | 0.1954 | 1.4972 | 0.0853 | 6.4489 | 0.4933
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‘ e | ATRS |7 YRR | 11 KRR | BURRERR
U v | vewm | v | sewE | s | s | e | R
32 5.8185 | 0.4480 | 4.2784 | 0.1186 | 1.5702 | 0.1010 | 7.3908 | 0.4745
33 5.4393 | 0.4681 | 3.6754 | 0.2075 | 1.5660 { 0.0896 | 6.7488 | 0.5194
34 5.1983 | 0.4592 | 3.5139 | 0.2122 | 1.4982 | 0.0954 | 6.4509 | 0.5145
35 5.4613 | 0.6135 | 3.6985 | 0.3684 | 1.5829 | 0.2304 | 6.7831 | 0.7502
36 5.4388 | 0.4852 | 3.6752 | 0.2249 | 1.5653 | 0.0813 | 6.7482 | 0.5413
37 5.4410 | 0.5324 | 3.6786 | 0.2665 | 1.5668 | 0.0583 | 6.7521 | 0.5984
38 5.4246 | 0.5304 | 3.6646 | 0.2658 | 1.5585 | 0.0585 | 6.7294 | 0.5962
39 6.2130 | 1.2046 | 4.1509 | 0.9665 | 1.5948 | 0.4614 | 7.6403 | 1.6116
40 5.4388 | 0.5519 | 3.6773 | 0.2855 | 1.5660 | 0.0392 | 6.7495 | 0.6214

B EATE, BRAAF - RBROEKRERTELE, SRR Rt
AL BTG 8 2 LR B Y1 B IR R 1 B SO e b T 9, 35/ DI I PR

BREWMER 5-7 i, wKFHMULSEWME 5-8 Fim.

%58 BEBRBENSHMHE
Table5-8 The passive filter Optimal parameter

. HARE
RS | BAME (uF) BE (H) PR (Q) SRR
(kVA)
SHraEm A 43.4588 9.3352 0.0977 190.29 30
TR R 13.2324 15.6425 0.1637 59.70 30
11 Mrigik 28 14.7189 5.6948 0.0596 66.37 30

BT BREWSFTEBRERIIBOR Ko Y Il 5 Y28 2 15 s 4 I LI 3R
EERttt, HRMES52H0R, HEAR, ERERE &I AR R R R
TEEFRFERE, REBHREETANREREERREE T RIS
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Fig5-2 The total harmonic distorition of all nodes before and after filtering
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Fig5-3 convergent traits of PSO and genetic algorithm
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i F RO R F R AR A R REHUEED, s i F B R A
EHATT 6 KitH, Sk EMBM BHRBER 5-9 7, BERERTARSIRE
H 667 W, ATEIEMTHBSAECH 528 K. BRTN, FHRHEEHEER 200 K
A, ERFIRSAET S, SR TREEE SRE. AXEENRLEFE
KEHE R T REEENRR BFRSCEE. TR, SUlrR TR g

HEMERBEER, AIMERBRI.

®59 HTFHHEEABRERE 6 KHESR
Table5-9 6 Results of PSO and genetic algorithm

Bk Wk (0 wAR B b g O776)
SR F R | ARSI | SURROR AR | IR
1 56 65 61.8189 61.9027
2 35 76 61.6717 62.1935
3 45 75 61.7438 62.0464
4 64 59 61.8022 62.2587
5 56 55 61.7176 62.0058
6 61 70 61.8564 61.9741

A PRFEBIRENR, BAH B ERAEH R TREMERIES S LR
BE, PEENAK BB ERERERIE 5-4 Fir.
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FigS-4 Two algorithms after passive filter network configuration total harmonic voltage
distortion compared
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1. IR TEEREFREBMERLEHAZRIESIHENEAXSH, BRIT
BIFEME BN RNEESE, AFEEER. RRERREEERFMBILARN
DEGFE.

2. AR EMNIEREOHIE, BT & o rE S BHE R M
WRER, BRSNS EENR, LRTREMRMESSRAER, KE
T, DAXT RIS B R AR AT AT o

3, GEERIEHBTENE, RELE, TEARRERRSH, EHCBERE
RAOZEBITHEANT, B TREMERBNEENSEHEY, FRRSNIRER
b, BEEBIRERN BN,

4, EXMUHRRENEREBRBEREMEEFHEOEMLE, FRTHEHEPR
B, RAZETEMRENEEEENTE KRHCEERREREME.

5. B TEARTREEE, NATREANOERSLAEE, 23®-ESRNNL,
FERAMIEEK AR TRASE, HSRELENSRETT R, XRRALXTE
fERR e tER SURE AR, A E LM IE R

2 FXMEHS

RAETFEMARMEEREHER, FREFRLEREME. HLELIREL
EEEWRRARATEHRER BN AES, MERSLRNFET S, BERAK
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