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Adapative secondary harmonic restraint method for inrush current

LIU Xiao-bao, WU Chong-hao, SONG Yan, JIANG Li-hua
(Static Grid Electric Power Research Institute/NARI, Nanjing 210003, China)

Abstract: This paper analyzes the differential protection principles for secondary harmonic transformer and discusses their reliability
and sensitivity. The results show that different restraint inrush methods have different restraint effects. In the EHV transformer
protection system, the restraint method should be improved. This paper puts forward a new restraint method based on the characteristic
of secondary harmonic method. Meanwhile, based on the difference of DC decaying when excitation and fault, an adaptive secondary
harmonic restraint method is proposed. The transformer differential protection applying the proposed method is evidently superior to
traditional transformer differential protection based on secondary harmonic restraint criteria, so the proposed method is available for
engineering application.

Key words: differential protection; inrush current; secondary harmonic restraint

FESES: TM77  SCEIRIRE: A LEHS: 1674-3415(2010)18-0131-04

Eit, HLENRAE K RIER ST BT

0 3l& SR, NTIARALZS I 382 R4 B S

BAHIEAT AR i R R SRR ES R
PHEAR TR RATAK, RAZIREKRER B
R Y] R oAy 2 BB T R AT B AR 5 1 (R
Tty R AR X 20 BUAE - BESR A — E I Bh IR
HRGIERA TR, EERPHR AN,

B ZRE R BB A R E B AR AL,
S5RRGHERE=EMERKEN. —HHEE
BESFJEOMENEGE, FEHBEM SFRE, F
HAE B AR —E &4, =ARRRRR T
“RERARETREANC. B0, £ U &
EERARGT, ATFKEEE (B HMERE
PR BB Ah e R SR AL R, OB PRI P ) IR
HREURTEKT15%, EARMHKIEREIBIHR
PHRIERT HH O 0 R B RS R R E (B A,
MR REE S BRER, RARKHIE
BB LB 2B RS B A O,

1 LR ORISR B B RS 4T

BT AR R AR A TR . BRI =S
Bawn BERYEASEZRNEZ®N, MRERE
D= ERAEL MY, 2w B H B B IE 24 1E
SR FHREVE T BT BR A B FE AR S
BB R TR RIEE, BT, RESRE
—RBCRA BB EE, B

I2nd

> kyoe ey

op_fund
RSB AR R AR E S RSB Lk
015~0.20, ZEEARZHERT, EREBE 2 ZRIH
R, ERNERAER, EEFUTAL:
(D Y/ ABRKHN=MEHZES, FRHA
PR By “ XARfE” . BT EYnfIFICT Z IR AR
REENFEHROZPMERZE, RANHT “BH



-132- eHLABPBEMN

BRI, SEEMEREUSTIR, T0XFXHR
BET “ANR”, BEKEESERAT, wrinf
SMEEIE R E N R A E A RS B T RE SR BIME

(2) BERINBEEKE I MER. XIFMZ
HARKRAENBESE, KEaTERNERSA
ERIEHSE. HEHPH KBRS ENLELY
K, @RPgEsh, HEERBEESBERELHE
W, A BT, XMEER, 7iE0.1~0.2s, Xf
25 1 2% R BE R AN R B2

R0 F B X B IR s 7 BT A,
MR BB R ERFR, BEkAZ RiEEE)
MEBEHTES:

1.1 BiERIZBREAR

BARX (1) 4BBHEA. B, CHLE, X%
M RER & ERT M, WASHZHEES R,
& MFFBG% A ZE s R4,

ERAEBRRN, BTF4mA. BEOAR
SHBLE AR S EBA—B, FLIFHERMYE
HREPSHIREHE ZKEE S BN TT%HER, W
AR B AT RE BRI

BB RERMK, BREHER.

1.2 BiRFIZH=48 (ZEXAP) AE

Bk (1) 25EREA. B, CHL, %X
HMF RIS BT e E, WA =HAE R,
B ORIBEESENDTEEN T FRENR
.

HARERTHRTXARERN, SEREHE-K
ERESERS, AYENRY, MESAENERE,
SHIDRERS BN T EER, RPAE &
RARZE BT

FEOLSEE A SRR T — 3o, RAZ] M
FR, BRAHEHKIEESEHRKT e EN A A
BETRY

ZHGA TR, HRBHRIK.

1.3 EYTRIEEAE

BAR (D) BT, &

IC.an > k

2set

IA.an + IB.an +

(2)

1
31 A_op_fund I B_op_fund I C_op_fund
Bust A RRA P g s T R, M=
P2 — IR LR T BB L T T4, B0 R 7,
FNFFRRY, %7 R BB R T St ™.
BT FACE B IRIER AN E P, Tk
HIERBREARERELERHER, ERESTHR
TR AR SRR, WRAEBHAR B E
HBK, ARG KRBT EE,

B EZES).
1.4 EEMRISHHEAABAR

WL, ERMRERRRT, RIS R
EWABEFE—ENXRR, SRAEZERN, =
IR B F BE R I A BEAR 2 90°BR % 270° [,

Angle = Angle(l, ) — Angle(1,, nq) (3D
Hod: Angle(l,,) A — K& EB A E;
Angle(],, o) HERKIIE.

U TR R A AR 90 E A 270°, AT LA
& SR A IR FIB e, B RIRE K
W KB 2

“REBEAENERAEREESTTRE AR
RIRREE L, S LR TFANKBIERN MRS
FEE TIE R KIE B ER AL —EE
90°E A& 270°HHE, WARKAALRHIRSHIIRS.

2 BEMEZXISKERHRE

ARKZREBEHEE TR, KEBHEREA
—RER. AIOREIAE SIS AR L T AT
R, RN HRN ERSERE S B EN
ZIRIEE R SAARE .

2.1 FIRESIEEBAMEREREAN

M LEHESFATUES: BREFA ZRKIERH
R, ERARKHBITR, BISIRERH
A—H: FHRBERK, BTEEERR, FHR
BERS, ETEEBK. FHNELEN ZRKIEK
HBh T AT B0

ERREES, A, B. CEHMNBEESES
AR, E—ZeHFEXR HREXLANERE
BR, mRBEHN _RIEREMN, BRKE
BFHIR:

(4

+ |I B.anl + |I C.2nd

1
I 2nd AV E "1 A2nd

RIGH BB B RS AR L,
R R KT R ER T RS, &8
Ry, BiaHEmK (5) i

k — Ian_AV
ratio A I
A_op_fund
k _ Ian_AV
ratio B 5)
3 1 B_op_fund (
k _ Ian_AV
ratio C ~ J;
C_op_fund
L kmio_x > k2nd_sct




XK, F BT ZRIERKBENSEERTR -133-

Bt aEEmE IR,
AMER AFER
il
BAREH | BAEH :
a8
CHIEH | CHIER [ >
— 1 A=
K =
e Y *ggﬁj

B EERERN SRR HAR

Fig.1 Restraint method with summing-type harmonic sharing
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Fig.2 Secondary harmonic adaptive method
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Fig.3 Transformer three-phase inrush current on site
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