KX FH

$39% S
20184E5 A

ACTA ENERGIAE SOLARIS SINICA

%L' ?& Vol. 39, No. 5

May, 2018

XEHS:0254-0096(2018)05-1449-10

B TR il B ) 45 44 B BC BRI 2R 4
16 IR A1 ) R B A 32

hEFE, K

B, 5 B, F

Ur, W

GEELIR 2 Iy B T BE S AL s Pl b A B S, 2 066004)

& E. ST RS (voltage-controlled method , VCM ) [ H I 122 AT L 2R A vt J , 28 S AR v X 1 30T (0L 22
FLBE R . T AR RO T HL A S AR e A ) R, R AT RE R ORI R LA BERS
FRGE T SO I AOR A1, $2 H — o34 BE 1A U5 8 % 4% (discrete frequency resistive active power filter, DFRAPF) 5§
WA SR, BRI 2 T P R OR i S B I 1/4 WA B L B, B XA LU 22 % 5 2R B R i BELA7C D C ) BEL R A7
JRUE 2% (resistive active power filter, RAPF) o 12 W T A7 235 10 i 3o 7 A o T HEL I 295 4 11 T P, O 22 496 T 180 5 S5 OB
HORBEZR , kI A o 1 L5 SR 45 SR IR 12 SRS A 21k

KW ROBM; BUHRZG WRIEMBOR; DFRAPF; RN

FE53ES . TM46 THERERIRAD: A

0 5i

B F, 7 HE 2R 0 3l L TR T R e v
TS Ye R A2 B ) e . b, TR U BORE I
HL 28 5 AR 40 L R (R IR 3t i ) 71 S5 TR R 7]
R, A B i S L RO A TR R B AT,
BRI, SR i, FOH MRS T SR
P T BEALAE P I8 37 Y R I F R R4S 2 H, Y
FRZe M 1 B AR R

BEXS IS SRR ), SRR (2 ] 42 HS e H
2 I R i 22 2 5 AR BELATE DG IC 1 BELPE AT TR 0
(resistive active power filter, RAPF) il il i S ik, (2
HMHNBOR 22 RSB . I, SCRk(3 ]
$i ) — T A A%TE R AT YRR D D IR L AN S ) Ak
SREA, T H X £ 8% S BR8P B TS
HR L4 4 —F B 3l I8 15 18 45 00 TR s, il 7e
LBESEOR N B AE LT 2 B U I PEBE L {H
T X 25 U R AR ) %) 5 1 25 AR, AR TE
“HTRERBIG: . SCHER(S,6 142 Jii45 fil RAPF, i

][

s EE: 2016-03-17

SRR TEn) PN IRER Y D WA ik s S S RV 6 i
“ITRERL IS . SCHERL7 )92 1 24> RAPF P [A] 4%
il %R G B AR IR AR B o Rl
AT, SCHR 8, 9 48 Y T T F 42 1 1) 2 RAPF &
55, A RN T SISO R o

Tl P, TR0 ) 252 R 45 5 JBL 410 i) ol R BT AR Pk . ol
L Y H 220 A =5 & HL (distributed generation, DG)
BTN P B A KA AR, DGR G SR 3 T LR
Pt =t (voltage-controlled method, VCM) Y | F %
il S B R R0, T VEM R e
FI Ny HL TR, e A TE R R S J T HL 4 R i
TR T OL 2 e B R SR [2~9 ] T T R BR
M A2 B X0 T H e AR iy 2 43ty 2 17 00, 2 R
i W TSI BN T B BB TRR R o PR, DA B S
TP I A A £ 0 RN FH T T AR i ol L P
IR R GE . BRI R GE, AT 5 B RAPF 3]
REfR AFIIET VCM (1 DG BT AR 4 i F il v, (8
DG FATTIY A R B M R GE N S PR SR PE
A RE S HON BAR A P OR

EE&WME: EZEESREETR(2016YFB0900300); FZ [ RFEE4(51677162); LA ASARIA34(12017203337; E2018203174)
BEES. IN20501970—), 5, W+, #82, FENFAR BN IR AR | RN IE S5 EER AR | Bl e 541

AR TTHEFTY . sxf@ysu.edu.cn



1450 K FH ERE SO ¢ 39%:
AR SCEE X 5 F R v 1 X 45 48 Y BE R ®1 KRBH
g5, g3t 7 A EE, R PR AR e AT 1 S U B R AR Table 1 Circuit parameters
HL 2k b A9 3 % FLAE , 42 5 DFRAPF 38 % 91 i 5 S B ZH B

W < 7E IR B TC H oK o 3 E U I 14 K A
B A X R L YT 2 5 2k i R A BH BT VT Y
RAPF ., %5 W v A5 R il R ge b i M B &
FNAS % g 3 AR 35 S TR B4 . i B
S0 245 SR B0 0E T i SRS 1) TE A PR S
1 BRERBXBESH

TR i ol P, P 25 4 ) T P, ) R G A ]
JF 7R, A AR S R A T IC L £ I o R
(medium voltage , MV ) BEZEAb | AT HL I R G251 T
e FE 2R K v o SR EE G (point of common coupling,
PCOAL . TEREM ARG, 2T VCM 1) DG Hiot
AR — A BRI BB RIRL ™ . 0 4> DG
BATTIFIR T B9 AF RO RATS L T PR AR BT, (25
JEBNZAERLBHT R n A DG BTTAEREBH AT Y I e 45
R HAEAR VN AR SC 220 R K A fol F ) 3%
G AERON — AR E T PCC AL, BLRTAC £ 1 46
SSHE AT a1 A 2,

MVEFZ

B F 2

PUT JE TR S P2 ) A TC L PO 2R e

Fig. 1  Model of power distribution system based on

end microgrid structure
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Fig. 2 Lumped-parameter model of the feeder
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Fig. 3  Distributed-parameter model of feeder when V, exists

B3, I FRPC A WAL R 9 km, xR
AT S 0 BIIEES , Vv) 5 Lx) 43513 7R « A
LRSI HL L, V() A=l (4) o

_ sinh[y, (I —x)]

Vi) sinh(y,)) Vi (4)
FE SOV I HL FE JCRAEE N
V()

M(x)—m (5)

BV 5 RER 7 YOI R i 2%6T,
K (4) F=L (5) 15 & 3 734 S B v 4% 55 R 1
W R ORS00, 3l 3 (7 BT AR 1A 2 4 B S EE Al
AT SR I R O A B, 25 SR 4,
R |y "R A SEE AL PR TR 2
X o MU AR BB (1 ELAE R




53] PN+ B TR i ol FEL PO 45 ) ) TC L ) 28 8 i D A SRS 2 1451

6_
s &/ KX
X
) y, /'\ \
g oty
/ SURTEE \
%

T FETIOR A

TR

K4 BCrZk il il O 4L

Fig. 4 Harmonic voltage-magnifying factors

along the feeder
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Fig. 5 Distributed-parameter model of feeder when 1, exists
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Fig. 6 Harmonic voltage-distortion rates along the feeder
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factors along the feeder
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rates when /, exists on bus 3
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rates when [, exists on bus 7

L= JA <1, <1 B IREF S nsRam fil

g5 b ARG BT A AR DR R R A TR ]
{7 # 5}, DFRAPF B 188 P 4 il ROCR A Rl . AR A
SEAE L 4% DFRAPF J5 , 35040 71 5 1 A8 2 9l ik
KA B L R IR R L A T Y
A5 U I e W AR R AE AT AT 0 3 0] e AR 3R
oK

3 SCIRIGIE

Sk B BT H A SR W 8 A A AR R 2 5 e
#H 50 Hz 19 9 km PCHLZBIT- & BB LT 0
AT A9 Ab By Ha R . S0 v I L AR Y HL B S
BN 2 Fis .
F2 THRHPAEBERESH
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STUDY ON HARMONIC SUPPRESSION IN POWER DISTRIBUTION
SYSTEM BASED ON END MICROGRID STRUCTURE

Sun Xiaofeng, Cai Yao, Ma Qun, Li Xin, Shen Hong
(Key Lab of Power Electronics for Energy Conservation and Motor Drive of Hebei Province , Yanshan University, Qinhuangdao 066004, China )

Abstract: When the microgrid system based on voltage-controlled method (VCM) is connected to the end of a power
distribution feeder, the end of the feeder shows short-circuit characteristic at harmonic frequencies approximately. The
background harmonic voltages might be amplified due to the harmonic resonance between power- factor correction
capacitors and system inductors, which threatens the safety of system equipment. In order to solve the background
harmonic amplification problem in this system, the discrete frequency resistive active power filter (DFRAPF) harmonic
suppression strategy is proposed. In this strategy, the resistive active power filter (RAPF) operating as the characteristic
impedance of the feeder is installed on the position which is a quarter of a specific harmonic wavelength from the end of
the feeder for all dominant harmonics. The strategy could suppress the background harmonic amplification and reduce the
voltage distortion effectively in the power distribution system based on end microgrid structure. Simulation and
experimental results validate the effectiveness of the proposed strategy.

Keywords: microgrid; power distribution feeder; background harmonic amplification; DFRAPF; harmonic suppression





