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Effect of custom harmonic sources on PCC harmonic level

TIAN Li-ting, CHENG Lin, SUN Yuan-zhang, JIA Xue-dong
(State Key Laboratory of Power Systems of Department of Electrical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Harmonic pollution is one of the problems of power quality. Considering the point of common coupling (PCC), harmonic
sources can exist in both the utility side and the custom side. And the study about harmonic management mostly focuses on the
localization of harmonic source.This paper derives the condition in which the contributions of custom harmonic sources decrease the
harmonic level at PCC. And it testifies the distortion could be worse after the custom harmonic source is eliminated, even if the
custom side is judged as the main pollution source. The definition of strengthening/weakening harmonic source is proposed on the
study of both voltage and current distortion. An index is suggested to determine whether the custom harmonic sources weaken the
harmonic pollution. The result performes on an IEEE industrial test system is reported. The concept and method proposed in this

paper reinforces the harmonic source localization principle.

Key words: strengthening harmonic source; weakening harmonic source; localization

FESKE. TMTI XERARIREG: A

0 35l

O o o R R R R SR S PR R A, EAR Y
HEGERSESMFH, WM EREEREDIY
TN TR B 5 [ AE 4R TR L. A T4
W TS g, bR E AR T AR R AR HE LARR 2
PR RS K. P, GB/T14549-93 i T
% HL RS R I R T B AR R R, & HLIKIB R
EHERE, UEAAEN SR BRRED.
BARESRPXTHEE. BRRESENE, FFHaAs
WA W%, R HAB R B IR R S KSR HEAT VR

B 1 2SR (PCO)
Fig.1 Point of Common Coupling (PCC)

BT EBIRI 20, REMEESFLAE R
Wi, XML, HARITHIEREKBANAR
SEEF PCC (B 1) MmEEHRE. WIERIEM

EHT

1003-4897(2007)21-0059-05

H¥wg, MEAER, B EBREREHE RGEHE
PR7E PCC i mry5 42, B HHuxt P 3T & T AE
B, FENREAEENREZER/HEK.

Har, ER T REEENHR EEEFAE
TV B AL R, BRI X 4y &AL R
STPCCIE IS R TRAP. Tz b, PCCALAIES
Mk, BEIEAFEMUERRS BERMRER MK
B, BB AR R R IRE BB T BN
WHIREKE, TR T WEZ MM RXER. X
BR[4VE L AHE B 44T, $e T PR s B AEHE
WIS, {HEFY e B VER 2 X P
F*E,

18 ST P 3 YR ST PCCE B 7K S I B2
K, B e ERRIERE, SR B
TR BRGERIR LS A e X, AR FE R A
FEL YT 9 7 T o Bh A AN Bh B v UR B VR R, R R
GAEEERIRREATAR . WICHEH 2 A A M
A BhRGERIRR, HXNPCCAKI HEEREREDF R


http://www.cqvip.com

-60-

P 000 http://www.cqvip.com]

e f

Y, I EBIRIEEEM R R T R

1 FAMSEER PCC ik i EAIis i
AL AT

KT8 B A R AT I ) v 2 R ST AR i I
(Norton ) B B 45 B (Thevenin ) 25 3% B B BL At 561
XETEMBOET PCC AR FTHNIE . 4
ICREX Norton S5 L EE, K I 7 FO R 45 43 3k
Y5 1E & IR R I, R R K= AR,
PCC AbH . HFTHE KA ME RS &, M
2 B 7~ B L 6 PCC Ah R 5 018 B i s RS VT
WMHTHR. FEIBH, LhIr&tERfTRBEER
WRFHEEFERBRER, HARRRRERIR. %
BEGER TR TANR K EREE.

pcC Moo
, &
’ I@CD [] z, Voo z, [] CD I,

B 2 RSB
Fig.2 - Equivalent circuit for the harmonic analysis
B 2 % b JOEB NSA . Z, . Z, N
TR HIER ST, R, EHXEM, DUy
ERTIEBIREBHI T ke

. I“CD Uz J UZ ZH J Z[] CDI

B 3 iR RSN RS
Fig.3 Determination of harmonic source contributions
L. T RIERIE, TR AN R

HEAT AT, 08 3 PR . MRUERIERT PCC Abiss

BRI TR, &1 o/ L, e <1 5 RS

EEHYEUE, BIGL e BT R 1 BT,

RZ R MAEERWIE, FPRNAHEEERE,

MBS PCC WHHEKRBME, WH: &

Voo Voo <1 MRS A EZMBEIR, RZ,

c-pec
AP EEEBIR.

B, ERELERBERELT, A0
BHERIBALERBU AL RERAE. HIERESL
MR EIER, EARRERAIWH FEREN A
R e BRI IEBCE A IERILH A

EBIERT PCC UK P SERRE M - BBt R L
R E B EEEANTIE PCC ALHIE: B AN
BT BRE, (T MG P RS SRR JE
PCC b H18 I K T2 B 3830 2 Bk o

5 PP U O R R IR S
IR Y B I/ B R A F R A AN AR . FAT4r
SIHE T H R TP U IR R R S R A
R U B W B BRAE I X R, ©E 28
B, I,=1,£0", I,.=1£6, Z,=|Z |Za,,
Z. =|z|4e,, Z,/1Z,=ZZa.

1) EREEHHEKT

V. I

V 1

u-pce u

1% 21 1Y
P = l+—=cosd+| < @)
‘/u—pcc Iu Iu

2) EBREERHIAKF

IC-pCC Ic Zc .
= 3)
. ) Iu»pcq Iu Zu
’ 2
1 21 |Z 1.|Z
== I-—"—cos(a, +0—-,) + Lz
Iu,pcc IU ZU IU ZU
(4)

st (1, () FTLUEH, I, SHERHRE, &

T TTRR K KB B4R 23 508 -

I
=<1 (5

u

IC
o<
1

u

B (3). (4) LM, I %t PCCHE. H
LB T W A A B i P FR B 4% 4 31 A -
I
< <-2cosd (7

u

1
L <2

MK (5) ~ (8) ATLLEH, FRIEPIRKIHA
ESPME NSRRI ARALZE 6 X, T Ik
SE T H PSR IERT PCC ALR B RE R BRI . 8
WERBBRERX 5, TR I/BhEdE A #A 5,
Fore 07 AR R 5 PR IR & B B K
K, T BT T TR AR R R B R S B TS L

V4

CE

V4

C

(6

u

cos(a, + 0 —a,) (8)

C


http://www.cqvip.com

D 000 http://www.cqvip.com]

HALs, % H P MBI PCC I BUKFHIZ RS X 70 -61 -

U LR M R R, T
A TS S R AR, R
P B % B g BB e 7 )

2 BNEIERGRANBLRE BR B E A FIHE

ERGFAEBRBERNATRT, XA~ Mm,
5E B8 VR YR AN B Sk 1 I YR B T

1) &R MERERSAIMET PCC AL
Berg e, WAy R 00 1 e o B S T IR VR 5

2) EHRPMERIERNBAKRET PCC AL
Bers B, NI P 00 AR U8 Bh YR IR

b A B R BB AT, 2 A AN E R AT
PRI FR) A R HE St B 8/ TR R ) P B A o SRR
b, BRERR, PCC AL B K5 24 A A F
WA HBAT IR . Bk, FERIL-IMEEER
R, KRR, Xt R R YR B4R R
HVEE . ASCRAMAKAKER, 2 XA

DVa) | Xll)
J =ﬂl h>1 - +/12 h>1 - (9)
;(Vu-pcch ) ;(lu-pcch )

X (9) ZEIHHIR SRR A IR BRBEARE
PCC HJE THD HItb{E, HUR S A HEH THD Btk
=

A AT BAE X E RIS IR B 455 HITE

X 9. (0 F, A >0,4, >0 48 5EKN
H, A+4=1. BERBMEEKBT AL N
AR R ER, MEEFEEERE, WAW
B R 28,

g bRk, ATERAEED T

D #FHJ>1, WP BEEREE, J K
WHAF P Xt PCC AR RERFB K,

2) &HJ <1, WHREPWRBEERIR, J B
WA A 5% PCC FERE R BRI E A B

3) HL>1, WA EEERIE, L#X
WA 3 PCC g5 e p S I TTAEE

4) FHL<L, WHPNRGREBRIE L)
AR X3 PCC RS S B 1 K STAE D, A 3
REGM T ARMTERE .

TR R A, X TR A R EAT A
ATHHEEE, BEAZEMNAEMEREISH
3 RIS, N2 PR, %1, =1.020 pu,

I,=1£5, & MO %360 21k, HALE % .

A4=08, 4,=02.

Casel: [=06pu, Z =10+j8.0pu,
Z =5.0+j25.0 pu

Case2: I=11lpu, Z =10+j8.0 pu ,

Z =5.0-j10.0 pu

22

2
1.8
16
141
1.2

1
ost**
06
04
02

0 50 100 150 200 250 300 350
Delta/degree

4 O Tiert, vFn LEyME
Fig.4 The value of J and L with varied &

I 4 TTLLE H L ANBE & &tk, 1 J 7F 6 Tk
TREFRKSHE. Casel ¥, REM N FERTIE,
O 7E150° 3 200° Z )&, P 038 5 Db Bh st i
PR, R 3 55 B R P IR R UK PCC FELRE R B
WFE, Case2 H, FFMNEEIEKIK, O07120°
F220° Z (AR, P IR A Bl i i, P
MR A RIRER 2T PCC A AL AR . TTLA
EFH, L. JZEEBEEEERKR, APUALEEH
WIR B AT REAL B AE A o

REERTTIR AT, AR s I X A 3L pl
AP EmE, REREUTSRB:

1) W& PCC - IR Fo I A0 i LI A I
FEAL;

2) flit PCC BMIEEFEIT Z, « Z, s

3) VL RS A R

4) THEHYE J, AW PR PCC g
7}(‘{’25@%”{"’]:

5) WEAE L, HKAFMEERERGTAEE

SRR b, RGEMATR PR RS K FEA T
s, BB 4 ATLAEH, B PR IER BhG/B)
WAEFI AT GEAE AT AR Ak . ZESEBRR AR, R 24085
Gt ik, SR PR IR R A R AR


http://www.cqvip.com

_62-

D 0 00 http://www.cqvip.com|

e

CORERHERT R TR R A B /)
BAEBR AR, W casel F, £6=10", A/
C RN PCC BB MM 0.2404 pu TFEZ
0.218 3 pu, BUA] PSRRI T PCC AL FFLE
FART_ R T 1.456 2 pu BTSN, Eit,
TEHREERIERIART, N TRIEGER IR
BRAFEAREX PCC &M AR E R P BEF
F, FIFER HIE BT IERIE A —E & PCC
AL RE TR .

AR, AR BT A SR
& UL R B PR e v . H BT B 04T 77
. RETTDAST St R R R FRR IR AT SERTU R,
T R IE R BE ORI P IR, T RIE—E
foRE B,

3 KGIFE

A IEEE $RELHIIIA R 0 10305 H )
BEMHRE (B 5. ZREHIMFER 60 Hz, RIE
S K 69kV, 13.8kV. 4.16kV. 24kV. 480V,
FE=ARRTR. B LSSHIRIRSI R, HIBKkAE
Bl RGEMFE B R EH BN,

T 506881 100;UTIL-69
: 01:69-1
—$—51:AUX ]

-+ __j_ rT“ 03:MILL-1
R

~ 26:FR G

05 FDRF 06: FDRH

I I 29:T11 SEC I I
19:17 SEC
49:RECT 39:T3 SEC $11 iT4 SEC

B 5 IEEE MR AL
Fig.5 The IEEE industrial test system

Ll FDR_F #£54 PCC, B LTI A
HEf, UEBa BR%M. % AUX. RECT.
T3_SEC Rk FRERERIMIBHIE, HA®RE
FANPKIEAR R ES, H 1~13 KiIBFEAEAE 1. &5
2T HIE T 51k : 375+j331 kVA, 485+j121

KVA, 160+j120 kVA.
= 1 EEEMAL

Tab.1 Harmonic currents of the sources

WEKE REERAER (%) AH{i/degree
1 100 0.0
5 7 18 180
7 L 11.8 0.0
St ) 5.5 180

13 4.0 0.0

B P REE s T, BN AUX FHIBH
23T /8nT, FDR_F BRZHIHEBEEES 5.04%,
MiLL-1 & FDR_F X B H BB 4.09%; HA
P ERA S, Bl RECT #1 T3_SEC A4bHIZRH
BUTFRESE, BE. BRABEESHTEE 477%
M1 3.83%.,

®A =08, 4,=02, g (9 HERF: J

=0.944<1, BF PR EET PCC ALHIEBE
BYRGL .

150.0<
100.02
50.05
003
-50.02
-100.0%
15003 T T T
160 240 320 400 480 560 640 720

Angle in Degrees
150.02pecsegeesososocssrercascneioaes ARETD XITER AL RN

100.05
50_0_2 Nerfoorofosends --.... 7eo ...-...:... Seeen
0.0%
-50.0%
-100.0%

Magnitude /%)

Magnitude/( %)

160 240 320 400 480 560 640 720
Angle in Degrees

B 6 APIEEREAR PCC BIE. BFTKEK

Fig.6 Voltage and current curves when custom

harmonic source is closed

Magnitude X %)

I S A I B I B R N L R S RO ST R A I SR
160 240 320 400 480 560 640 720
Angle mDegrees

Magnitude {%)

T S T S S O A Y R R AR YR T

1&0 240 320 400 480 560 640 72'0
Angle in Degrees

7 APIBIEIRRAG PCC BJE . HIIER

Fig.7 Voltage and current curves when custom

T
0 80

harmonic source is open

HE 6. 7 WTULEW, APMERETERE,
PCC HifEREIHMERE B, MEHEFSE, A/
MERIFER] T I BIER . EXMER T, &
R F % P MBEAT IR B, o5 0 A P s IR A B
EBIRRS, BRI HBTIRE RN, B
i, By 23 A A Re R S b 4% R R AU IR BT RR B K


http://www.cqvip.com

£ 000 http://www.cqvip.com|

M2, % FPNERES PCCiERKTFRERSX 9 -63 -

ANSEREVEEE, ORI R K SE PR R R B R AE
W, BT RSB SRR R 4R

4 it

TENFEM Y, HRFEFATREN, 183
i EitETRE, HPBEERANG, TTeeHIL
PLR &

1) BALT PCC AL HE/MAMTE, #METH
T T 5 :

2) HFET PCC AbHIE. HRBE;

3) BT PCC AEHIE. BRI

HREFEE R, HPBEREIFALDESRG
HHP AR, Gfa ERA VPO AP O R
PCC i 7K 1 53 i 2 W e V6 PR I S B 1) A

18 3CAE Norton 55280 H B [ 2ER b, (PR T H A
MERIEXT PCC M. HIRAIREN, $2H Bhis/E)
AR YRIME S, SRS HE. B E AR A
BRI FBBIR I SERR R, IRAN T IR E AL E IR Y
FR.

BJEW GBI EFIA IEEE R RG5>
My, B T AR AL B RGBS i 15 L TR i 257
B HHE I LABE ] o
S5k
(1] EFRFHAWER. GB/T 1454993 BfiE A FHHEMN

EEEMI. JbEt: AKRK AR, 1994

National Bureau of Standards. GB/T 14549-93 Quality of

Electric Energy Supply Harmonics in Public Supply

Network[M]. Beijing: China Water Power Press, 1994.
(2] ZRzElE, HiqvE. AP RRRH RETE D). 4

FHH 28, 2007, 35(1):42-46.

HE Jian-min, HUANG Zhi-qing Determination of

Emission Limit of Customer's Harmonic Current[J].

Relay, 2007, 35(1):42-46.

(3] 3k%, BRerdd. i RS M IR R B ).

B R R BB, 2005, 17(5): 37-41.

ZHANG Zhe, CHEN Hong-kun. Status and Development

of Harmonic Source Identification[J]. Proceedings of the

CSU- EPSA, 2005, 17(5): 37-41.

(4] FEd, =% PCC B AT HT ikl 4k

25,2006, 34(9):60-63.

CHEN Bin, TANG Yun-longet al. New Method for

Analysing the Harmonics on PCC[J]. Relay, 2006,

34(9):60-63.

[5] Xu W, Liu Y. A Method for Determining Customer and
Utility Harmonic Contributions at the Point of Common
Coupling[J]. IEEE Trans on Power Delivery, 2000, 15(2):
804-811.

[6] LI Chun, XU Wilsun, Tayjasanant T. A Critical
Impedance-based Method for Identifying Harmonic
Sources[J]. IEEE Trans on Power Delivery, 2004, 19 (2):
671- 678.

(7] EERE, MR, )RR B A R &

FTEELT). SEHL28, 2007, 35(1):77-80.
DONG Guo-zhen, HE Jing-han.Causal Analysis and
Countermeasure on Harmonic Resonance in Local
Circuit of Electric Power Systems[J]. Relay, 2007,
35(1):77-80.

(8]  ZEA, MEtdh. HT AR A 018 i R 5 KAl T 77
. E AL TESR, 2004, 24(4): 84-87.

CHE Quan, YANG Hong-geng. Assessing the Harmonic
Emission Level Based on Robust Regression Method[J].
Proceedings of the CSEE, 2004, 24(4): 84-87.

(9] %24k, B, #hnE. H— AL s ARA—

B XA B EIERAASAS)I]. KIE %8, 2006,18

F:45-50.

CHENG Lin, LI Xiong, SUN Yuan-zhang. New
Substation  Automation Technology — Integrated
Substation ~ Automation System[J]. Low Voltage

Apparatus, 2006(S): 45-50.

[10] Task Force on Harmonics Modeling and Simulations: Test
Systems for Harmonic Modeling and Simulations[J].
IEEE Trans on Power Delivery, 1999, 14(2): 579-587.

(11] &%, e, HHRFEKRBRYTESHIL. B
F1 R & AL, 2000, 24(7): 51-54.

JIANG Ping, SHI Ming-he. Simulation of Harmonic
Load Flow in Power Supply System[J]. Automation of
Electric Power Systems, 2000, 24(7): 51-54.

Yk B HA: 2007-05-10
fEZE N

B2 (1983-), 4, ML, TE2NEL LGS
AR 5T A B B W P 3k F) A 49 AF A E-mail:
t1t05 @mails.tsinghua.edu.cn

£ w0973, B, Hd, BEHLR, TEAEFY
AEHTEM, BHRAIHEENFFOHRERFL;

FAFE (954, F, Ik, HEAESH, KirFgEs
Bk, TEMFEFACTS, & HRKIERMIES. LHE%
A BFHEF AR FERFEL.


http://www.cqvip.com

