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Saturation of current transformer and fitting calculation for
the current of microprocessor-based protection

QIN Wen-ji
(Electrical Engineering Department, Shanghai Jiaotong University, Shanghai 200240,China)

Abstract: Saturation of current transformers is a not solved reality for power relays. In this paper, characteristics of CT saturation
and microprocessor-based relays’ limits are analyzed. An algorithm based on standard frequency sine wave’s fitting calculation and
its approaches are studied. The approach utilizes 2-level derivation of secondary current and a 3-sample fitting calculation for
decaying DC component depress as well as the sample data identifying. Solutions for critical problems such as interference, sample
rate, fitting factor and performance of the algorithm are evaluated through several simulation calculations. The algorithm is suitable
for MV and HV power system. It can overcome CT saturation scenario, return the real primary current accurately so that improve the
anti-saturation performance of digital relays.

Key words: current transformer (CT); saturation; algorithm; derivation; fitting calculation

FERSES: TM77 MERERIRES: A VEHS:  1003-4897(2007)04-0001-05

0 2= RAXNNERZ “HMNE”, B5CT S8, —IRE
=

W SIRGBARR, LD THEN .

BOMMEF MR LERSER N RAENH
T s 2B R RS, B AEPLRY B AR
HER I B AR 0L T AR i, (7R 4R s AR Y
AEESFEIRR KRR, AREENTANARESR
BEEX.

1 EBRERES (CT) MEERINEY

1) WA [ETEAPESHESH (B
RREARY ALF, BUE B0, ORI —RERY
BRBER, SBUHHLALTARLEBRT, FEMRM.

2) WARE. SERMNMEARE  “YIREmE
@7, E5CT 24, MEafihRmBE. &E
Bl RGO, FEMTUANE 2 s, 5

3) TIREFIMAR: CT WAE, “REREER
A, THERY, EREER. HARERER
B CT 24, BEMIE. —REBHR. RER. K
ARV N IR

4) IR B WA THRAB, CT
MMM AE LR Z AR HR, N ZIKE
WP R, SRR B . K BRET A0
FRMNEBRREEM T A2 BIEZL ML
RS AR A B B L iR — B ERY IE 5K
HREA 2 PR E R R T LRI — KB

2 S5RHURIPHEXE) CT (BFN4FE
1) CT FEME S MNLER —R A R -0


http://www.cqvip.com

£ 000 http://www.cqvip.com|

-2 e

TR . XEBRCT AR RS, A
HE—REFIFEE, BH-ERARME". ™
BN, ZREREARBIEZEM, FHETTA
Eio3: 18

2) IR BT CT kM hrE M,
ZRE AR B R B B, R
REE, RHHERBRRIMIET".

3) HREA ML ER™ MR SR
W RAFERRE (VD). BRMEE ISR (ALF).
A/D ¥, BFyER: . ALF {678 CT WA i s S
WEHI I AR MRALZEIR . CVT F0 A/D HIBNA TETE
B —R A 201, 8 H I3 A B T ot 1

3 WHMRIPFHRENENRESRRE

BARRAMAL CTRERY . 3R 22 e R 37 BN A
B CT (e B MR, TS CTHEME R 5
EHER, AR TREMNSMIRE, La7sMETF
(¥ CT PR e i A3 AN 7T 5 4 4 o OB ER 77 F) L U )
BHE, KESUERBEIH AR (DFT) A,
FREY CT — K B P e AAips O B B 2 B S &
AR, TSR, BRI CT M,
UM SR . B A U8 R S R A L BRI /N
i, ERBCRBMRAER.

1) QR KHERE: LUE P SRR R B
BATHE, REMWEZKELERRN—XER NG
Z. WHBSE, RESK. RAEEREHR
{0 RMS FJ7 1", REiRARRIEAY, AL RO HER.
JR AR WA e R TR BB SR, WA
AR AP IE KA . i TCTM 5 e % SR AT,
W FEMALAGERRA LM . RAMEHRAR
TR 8 38 B 2 N B 2R B e AT IR L E A B
O, ERAELOE B LR

2) WERPENE: FRMEBE I HESE
E-ANTHAPKRERE, E8RN B
B BEAT 22 41 B BRAR X U i S E HOR AR A
HISM R L SROF Sk ST T B A Y
FE " R AR S B IR S, R
WP BGEF AR . B, 2 EkpE
HEMLK, RETHERRE,

3) PELERMBEENE: BE—-XRGEHEBK
REE, FAIRHCTHNEEHEENLY, X9
BUtH SRR, TorEAEH R WA B HRK
o

4 FAZxERIEafNEHTISNE

ERE: FAZKHSH (5 SHEAfs
BTG, KR R i B i 3 I R
TE. FF) A B RS /Y B B s R A B
ERIMERIREEAE, L3 MRS HEMTRIAEHE,
KL — KBRS '

1) HEACHEE. 768 E/R SRS Pl
CT HLABY IR — IR LR A, 148 der i
BREZREEAEE. CVT FER A B ESE, ALF
IR FRNRS. B TRAEEHRR T ERK
KEEEMR AR, AAERRRSRE, #Hi
b ETEGH ALF. Bt4h, 20 45U ERERRE SRS
BT, BFESSEENR. BT HEmERX
AR, BRAK.

2) RS RNAE. NEEENEARE
TR BN ERER, RS 6
TR

EAZE—RBRNESREASE, Bk
R A HREARIN CT kR EER", FH1
Z Rt RS E, WIEMAS:

is(t)=lsmcos0-e—i;+z":1kmsin(kw.t+0k) (D
k=1

Hep: cos O QMEBRBEIMMBIE, & WIEEIKE,
LA—RARAR R EL. KIH:

is'(t):a)(—LImcosﬂeT’+kilkmcos(km~t+0k)) (2)
-Tp k=l

i()=a" %Ism cos@-e ™ —kzzn:Im sin(kw-1+86,)
o -T; =

HICRENEBRERZRK T &0®, SMs
BRKEL, FRNEEHEMGH0° . hEEKIE
H, sTHRAERAESEN - SEMEREHN
E=l/ o, ZHSEMEREN L=/ o', T
MK, MEINREE. —HSHRNERHEA LR
HMEFRH. X (1D PENEFELL CT KK E
HHLERMEAREHSEY, L—BKT 50
ms", %5 BRI IR

ARERE AR RNK—. ZH-3EE0H
REUnE |, ZHrivslEIERS S ERREERK
M I%LAF . X ASER A4 ROHERERAET
{38, &1 B CT Saturation Calculator IEC
version Bk, 7=48 ms, tHEHH£ 0.1 ms Bk
HARKSFHHESER. BT RBER B FEMIER S
SERXKAIW. M- FHAE MBS WM E


http://www.cqvip.com

£ 000 http://www.cqvip.com|

B4 BN ERBEN S EYLRY A R R R 5 3

G55 SO IE SARUERT AT T i U BB RR,
AR B AL T SRS T ks H AR A
B T, RBL T HSEH R ARLT .
£1 BARGNEERSE®RBT—. ZH
NMABNIERRIENH AR
Tab.1 Relations between time constant and depress
factors of current derivation

RE/RY 110220 330~500
HLA /uW 100~~125 | 200~210 { 300~600
T./ms 40 60 80 100 140 180 260

A 0.079 6 (0.053 1]0.039 810.031 8| 6.022 7 { 0.017 7 [ 0.012 2

K 0.006 3 10.002 810.001 6/0.001 0 0.000 5 { 0.0003 { 0.000 1

A N
NI .
0 A %% . B LR S
20
0
20 -
R
FEICSITEEIFE bl gis i
40 1 s
000 002 004 006 008 0.10 0.12 014 0.16 0.15,

134 CT BREHT ZRK S Y RE
Fig.1 Effect of 2nd derivation for CT current

KFUT LT B R AU ZE R RSB, BURHKE
FA T, BAFRIMER o BHT 00, WEE
—BrEa . FEEAEAB EMBIR S A A8

Ts
Ks[=(1—eﬁ]/2sin(“’7n] 3

Ts

Ka=Ka-e (4)
ZHES . FEIFARBSBIHEREOL:

KooKt e (5)

Kw=1<s.2~e%=1<sz‘e7% (6)

B EZN I REMFERAR. U 12 JF
FEABI, E L=100ms B}, KeS5 ER ZHrEESH
Ko WOZEME, NEEHEM 2.3%, fF =10 ms B,
R 2. 6% BT RFLLE TN . A CHEFERAE
kS, B2 R RERyEREREE. £
20 Rip LU HIE, BN 900, IREEEEEE
BAEK, 5@EREIAT us, AJLLZEK,

NIERERE. UM IEBEE (5EG

BT RADAE H A 0 % 3 F R wo B IE KUK,
FAERIMA THURARFAEE 11, &y iR TR ™
i+,
T2

- (T BRAEM— N ERANE, L8, St
RS BB . mEHSHENR (D) &
B IR PR T HIR BRI, A4t
AR BRI, Rk, R (D A
DMERHAE CT R RIS FHHNEARE. o0
BRI RT B ST T, AR MR ORI,
RERT RABEBWARR G, XA EWA K.
CER LY ACTE 4 W = A

P

cos(aw,T,)

s

I =—é——l’—l3— (8)
sin (a)o'Ts)

T RENEAA. HRNEIGRY, ATH
#gE—, HARA LR 3)XBEEE. KBk
AAREEIEABNE, LHKRFLAE, HE KR
BFIAEARSHEA, @@y, £
BRI EA N MM E R B . HAE (7)
HE. B 3 REHMEM R XY Ri&X, WTH-EHEH
FARAUY. wHER, BRECH SECRRE UK
S ARNETT,

FUNDMENT AL FREOUENCY DIFFERENTIATOR_

%

15

R
RO

100k

- ) A4

x1 'ﬂ

;

c1 2
.
BINS {X oAl S
BZX79-4vV?
curr smuls source 4 o1
v BZXTe-4V7
va b2
PWLFILE 131DaecondCURR txt L
[-mmsmy
> 1t . | TAY
= ] I 1
2
-2} - 7
Yo Gdnl - RN BN |38 B )
] ! 0 100 120 ‘90
s 20ma/dv
ot ]
8 : =
2 20
b B S :
= o ;
..‘VT 3 5
4
P -V (o T -
S . /
g . V4
= S
-807
9 P4 ey
& N
B oup ° < -
10 20 50 100 200 500 1k 2% S5k 10k 20k 50k 100k
fMz

2 LRI BIRIEERN S B R R IR

Fig.2 Derivation circuits for current channel and its simulations
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Fig.3 Fitting calculations for non-sat. seg. under good scenario
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Fig 4 Fitting calculations for non-sat. seg. under bad scenario
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Fig.5 Fitting calculations for non-sat. seg. under worst scenario
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