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Simulation for Electromagnetic Interference Coupling Path of
Signal Port of Relay Protection Equipment

NIU Bo, SONG Zhengxiang, WANG Jianhua, GENG Yingsan, WANG Jing

(State Key Laboratory of Electrical Insulation for Power Equipment, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract; To realize systematic analysis and forecast for electromagnetic susceptibility (EMS), a
method is presented to characterize electromagnetic interference (EMI) coupling path of signal
port of relay protection equipment in power system. Referring to test standard of IEC, the trans-
fer function of EMI coupling path in frequency domain is gotten according to the tested interfer-
ence waveform. Based on discrete value by sampling in frequency domain, the vector fitting
method (VFM) is adopted combining rational function approximation to construct the macromod-
el and equivalent circuit of EMI coupling path,thus the problem of ill-condition matrix with high
order approximation is alleviated and the mixed frequency/time domain problem is solved. Good
coincidence between the simulated result and the measurements demonstrates the validity of this
modeling method.

Keywords: relay protection equipment; electromagnetic interference coupling path; vector fitting

method; macromodel

MRS PR R R B RS TARERBES it RHLL. A e B REAL . PRy P oh] L 00 A0k
BERCHCE S, (A st op FE R REARAIO T RS Il R IR AR R SR R B O
WEREXTB N RGN L4 FE o E . R EIE 2% SOl B0 f w0 HA S W] A AU A

ks BHA: 2009-05-14.  AEEMIA: Q980 B LA THABARZE IO . B #3% LA I, SL4TH: #
B et i L 2 R L RT3 4 R Bh IO (20060698036) 5 2 & 3 B 488 75 A A S HT Rl W B 15 § (NCET-07-
0675) ; BEpE 4 B SRRl 2R 4 % BT H (2007E, 22).



5510 14

AT, A L A ER DR B S i I PR D A S 1 R A ) L 105

Ffa s k. DAL, P4 e B A BT H R T 3 (EMS) [ 5
R Y T E N IR DO R AL S Ok I NS B
[i1) 5L 14) R 2 ORI 5% 3 b T AR AR AL R S8 1 I
K IR 50 0 5 et A T8 i, BD I 1Y
PR AR R BU™ AT R SR 09 284 R g
AR BE TN BETT A4 4 B BT 7= i 1 L i i 2 ) R
PEATAE TEFURD 38, 6T 72 i 79 F A St 25 1 8 44 J U
F AL FREFE A I R R (1) SR R 3

HL O RS2 B (1) EMS 5 B3 T 8 T
ARG ITRST 25 B 5T T AETE B A A NI
RIS A P 28 A 8 /0 DL SCHRR A . X 2645
S3HT 04 2 AR B S NS 1) F T P S SOt e
DAL L 6 P S R U X P ) R B A A T 2
— 05 HT. BRBL ST AR P B 2 AT
FEL I T 0 4 3 0 P B 1 gl S A5 A

FEXT TP T AT A AR D AR R
PPN ) R . — 20 3 A S AR R T s 2
IR AR AR M a3 Bk P & th B R B 2
2 P A I A5 — R S A SR A 1 ) A s
SR AR T R B T IE R AR L e AGE
B AT LR A T I A e e I R 1y T
1 B AR B AT S BB AR B B P ol k. X
1 AN e (T T L S e Q]
SPICE) J& AN REff T Y. Ry 1 i P LA LW/ [a) i, A<
SCKESCHRL7 P B S DE IS CVEND 35 13 F 145 B iR
BRI AT T A B R B A B R R B
WA %) SR fie () R 4G SRy eV 2 R SR Al AT B o
B RAR e R aE L. 53 A0 s AR SGE D B 2 A R
5% Spice SRR A AU DL T (5 L SR AR R
R4 By ] .
1 BTk

ARSCEU ) T 87 A4 R A ke B AR 5 U 1 PR T
YA 75 200 T8 11 ) LAY, 308 ol s v X 6 A 2 v bt
FEA T v AT A0 55 H T P A% 5 3 1 R i g
IO 22 [E1) B9 R R OG 22 0 o T A AG AR A PR R A T .
1.1 fEiEHAHE

MR R GEHERBEE X T — A 0 IR
HEFE vy (k) o BLRE LU SRS B L B 1A o &1y
{BL 7 1 R i A B ZRMERT AN RGO . T2
AT R F 51 v (R) T AR R A

y(k) = D ayk—i) + D bu(k—j) +e(r)
i=1 =1

(D

K e (O T FEE R s n S RGN B
a; \bj ﬂ‘:’%‘:%%ﬁ
Xy 2 (D) By T ASE A AT 7
(k) = Dlaytk— + D buk—j) (2)
i=1 j=1
IR X R R I R

Yy = @0y (3)
A
@y =Yy Uy]
y(n) y(n—1) y(1)7
Yo — y(n.—b—l) y(.n) y('Z)
y(N+n—1) y(N-+n—2) y(N)J
u(n) uln—1) u(1)7
u(n—+1) u(n) u(2)
Uy = . . .
(N+n—1) u(N+n—2) u(N)J
IA{N - [67,1 (22 e (Z,I 131 Z;z e I;”:IT
B TR 2EH e, =Y — Y, W H 7 2N
_ 1 S 2 T
J—NELQ—EE 4)

t=nt1

HR A e /N A bR HEIE X, 29T /da; =0,9] /
ab; =0, W ZBHEE @ MTH£RH
Oy = (DY Dy) 'DNYy (5)
?ﬁ(ﬂﬂ?ﬁﬁ’%ﬁ A1sAz st 5a, ![;1 7[;2 [ 927” EIL‘/UEJ‘&L:K(B)
TR D530 2 (2) Fom 1 TR AR 78 (i oy
FRBIE
22D X i A% 128 R AL ik 0K
1 .
GGs) = s" j)rral,i] S’jl_Jr 't"_iliziﬁiao
A s=jw

i (6) 1 R B RE & > Vandermon Ji [ 44
TR PRI R A 1 5 D H 224 40 9 T 4 v 38 G By
BB I R e S 2 AR ™ O T A
VEM NARTRS, 1 50k (6) 5 i s A o X
&n:m+zgfp @
K rg NEERE RZEGr  p BN BB S,
TR D) R FE po JB T HE £ n]
FMBIA BTG S pe L AR R B A () = 1+
N7 Sy
) e I

=1 S

(6)

ADS@ = (143 T )5 =n+ >
1 - i i=1 i

(8)




106 [T S NI I S 4 43
1 (10) 2375 FEFE s De R SIS H A F Ry HH 72 A
ST L A LR 28 B AR, 6 T — A o S 11 485 s
€

AT BT AR R e 2 b IR (O T LA
VE R LM [ BASK A X TR 25 58 BB R s

Ax = b, (10)
K
1 1 —S(s)  —S)
— 1
4. L/e — D Sk = Pu St — D1 N F,J
x=1[rry ¢ rmeerds by = SGy)

SHAE R BB N B AR R i, X (10) 42
N —AHEE 75 RE 2l i R/ N RIS i

Ax = b (1D
ACs)SC) A AC) Y G A B 0
ntl n
1T ¢s—=0 I G—=0
A(HS(s) = h - i A(s) = —
1T Gs—n0 1T s—p0
1 1
(12)
T AC) SCO N ACH) BefE T [RIAEAYRD a6 L At
ntl
I] ¢s—=0
S(s) =h———— (13
1] —=0
1

1 (I3 FTAT, SCo) B s IE A2 A () B E A
HB B S T AE L s B U AR (AR A
H=P—br (14)
o R PO — AN 5 BT W LR AR S X R s b
SEA TR R 1 G r Je— M A A M
AT ]
2T RS R LR S A 22N KR S5 R DL A
LAEMEE (O~ (14, iRt fw R iizE
SR R AL SR A, T3 8 Ty i 2R 0O R 10 4%
B — PN 2 B I 50 %) i v TG K PR o it L5
AT T v B A R A S R R A
1.2 ER#EEMNER
AL R A (6) S 0 T R A Y i R —
PR A AR (1 ok DA FEL BB B A T30 o L D 266 P £
Gy TR BRAS Zs [) r ARES , — T AR
X=AX+BU; Y=CX+DU (15)
oA X RS o RS T i AR S AR S O
P U ot A i, A 3R H A A SRl s A€ R
SRASHE ; BE R I R i AR 7 5 =
(AR CE R R RREL SR Y 1

M A B, FC. AL 1 T AT 1 S B s B XTI
BB A B F1C B3 T BITAT B9 52 R0 s B
XL ) BR B MU R T30 (15) 1 Jordan JE 6 £ 50

H
Ko A, 0 07T B,
5 BB
rs 0 0 A! 3 s
X1
y=1[C C Cf][»:’z + Du
3
(16)

A 16) H Y S B A TR TR P A P B
SCASBERM BT A AR X 7 o DR IHC 107 P % 0 4E F T

an
I 0 0
T—{O 1 1] (17)
0 jI —il

A5 AR — I R R KRN

x ="1Tx;

DA, )

5|= { Re(A)  Im(A) %2 +

B —Im(A) Re(A)] L7,

X3
B,
{ 2Re(B) }U (18)
— 2Re(B)

Y=[C, Re(O) Im(O]Jlzy x z]"+DU

1.3 SHEBEHNSHRE

T RERE ] Spice TR JEAT HL I /3BT, i
K 28 1) R R 4y Spice S50 BB S, X
F 1 2 AR A8 Al Al

DI N
N az  Axpdlax: b,
X1
y = [Cu C’12]|: }‘f—du
X2

H PR SRS B (19 T gk R ) 45 A4 i, i
S Horp IR R DL g AT R A I AL A
HL I | H S RS2 45 IR A, AR SOR PS50 L B
WL HED B RLAREE 5 IR0 B e 45 o Spice 10
F8 i AT 88 SO (e SCPD T T H B A 477 L.

}u (19a)

(19b)



5510 14

AT, A L A ER DR B S i I PR D A S 1 R A ) L 107

2 iR

L PR A2 Bk i CEFT/B) i1 T T4 kb -
THIRF )R A2 g ) L BE R A S A A3 iy W HL )
R KB EMS H 1 (9 75 56 45 ) 5% . BT X
EFT/B. 4k OR 37 256 B A FL % 0 3 1 B 45 - FL TR
viig o Fe b 1, A5 5 i 1 R A i 45, AR SO
BEXE EFT/B Y0/ IR - 4k o 403 B A5 o 1
AR TR E E JEATIEAE. [ 1 2 TEC ARUERL
SE I 4K L OR3P 2 B AR S o O EFT/B 50 it #
G

L | EUT L
s | s |

=
vvvvvvvvvv 1,9.9.9.9.9.9.9.9.9.9.94
KXXXRXXXXXX XN
100010002 000050 m
atat %Y 0a, a0 ' 0.1

"vQVQVQ'Ov‘v‘VQ"'Qv0'01
1000000040004
R

1 X5 E R

ARG 1 B A6 E B x4k B IR B AR
S AN T HAE 5+ 18] 2 SR e A 5 1 o B A
A B TR 5 A Y B EFT ke . 8]
3 SRR b 11 PR~ D0 P A AR S LR R
{77 i 1 0] P L B e 1 3 ) PP T LR B 52 B
FEL S o DA SR HL 6 R SR AR L EL 4 3 1) FEL P T
300
250
200
150
100

I\ R/ V

50

0

-50 1 1 1 1 J
-100 0 100 200 300 400

t/ns

& 2 U&{HH 250 Vi EFT SAfknpi e

FERA AR P P UR A fi R S = A
BT BEAHGT (AT B T 5 AS B0 B 00 2k 8 ) 445 4
DA B A5 380 A% PR R I A 40 300 S A ity 114) i) 7 s
FRUE 11, 3 50 RT LA 2 A St 1 i 0 500 1 1 7 E B,

SR FH L7 T i 4 By % A5 B P AL 1
1% 338 PRI R 14 e o5 R BR 5 A 2 H R R B d oy
0.025 21, Fr A5 (il s R ER Bt 1 iR, ARE DL I
e A5 P 300 A 3 PRI () L 1T 3 R RS
Jr R (18) 2% A P4 - INTTBAIA 1 S5 2% i % 4%

101

LolN i VAY

_10 1 1 1 1 J
-100 0 100 200 300 400

t/ns

P32 it VR B s o e PR
JUF(R.C Mz SR G 95 £ T SPICE
15 ELA 1) 0 26 SCA o I W22 25 350, B iR A 7 s el ) L.

k)1 FHAABEAALE IO EFGHK
N 1078 p,‘ 1076 i

1 —0.089 6+j1.067 1 ~ —0.4204—j0. 225 7

2 —0.089 6—jl.067 1 —0.4204+j0.225 7
3 —0.0828+j1.3358 —0.152 44j0.065 5
4 —0.0828—j1.3358 —0.152 4—j0.065 5

5 —0.169 0+j2.073 1  2.326 3+j1. 140 5

(o2}

—0.169 0—j2.0731  2.326 3—jl. 140 5
7 —0.2453-+j2.464 3  0.630 9—j0. 890 3
8 —0.2453—j2.464 3  0.630 9-j0. 890 3
9  —0.163 1+j3.801 2  0.340 6—j0.107 0
10 —0.163 1—j3.801 2  0.340 6+4j0.107 0
11 —0.531 8 +j4.099 1 —0.479 0-+j1.593 7
12 —0.5318 —j4.099 1 —0.479 0—jl. 593 7
13 —0.0050 +j5.580 4  0.116 3—j0. 007 1
14 —0.0050 —j5.580 4  0.116 3+j0. 007 1
15 —0.021 9 +j5.844 8 —0.131 4—j0.105 8
16 —0.021 9 —j5.844 8 —0.131 4-+j0.105 8
17 —0.3450 +j5.905 8  1.920 6-+j5. 857 9
18 —0.3450 —j5.905 8  1.920 6j—j5. 857 9
19 —0.059 4 +j6.169 5 —0.198 7—j0. 402 9

20 —0.0594 —j6.1695 —0.198 7+j0. 402 9

MIEL 4 BT LU 1) F s A% 4 o 3 14 55
IR R TR ) 5 L R S 1 0 ) 2 R — B EAR
4 X T 200 ns DUG B3R 22 AT DL G 312 % 128 R 8
(1 B RO T B



108 [T S N ]

543 5

151
_ — LR
10- 5 1 o LR
5
=
" 9
=

1 1 1 J
100 200 300 400
t/ns

Kl 4 UE(E 500 V EFT AE T B 07 AN SR T AR

3 45 i

PR I T ) AR ) R FRL ) R e L R A
FE R EMS 05 HAF ST A ) 2 — i i S
YA R I AR L DA PR R I A AR it
TE A R B A AR PR A5 b AR PR B
FERAALEL . a] DLt — 20 S Bk ey 3725 B &R
Gifk EMS A . A SCREAER B 48 T
— PP T RGEHER T AR IR PR B A T A
R I AR, 8 P B R AR A R AR L .
207 1 AT R B BB PR BE L BE T 2 AR 24 S0 ¢
L5 BT PAY LT 10 A2 0 T ) R K.

SE Lk

(1] HAIR S BRER, 45 $ P bt EFT/B T
PAEREAIBTFELT ). W1 B 58 A 34k . 2006, 30(5) . 78~
82.
FENG Limin, CHEN Pingping, CHEN Wei, et al.
Study on improving the immunity of SMPS to EFT/B
tests [ J]. Automation of Electric Power Systems,
2006,30(5) : 78-82.

(2] ARFIZE. SbLakp O e B i RE R AT 5 (D). dest.
b IR R S F TR, 2001.

(3] ZREML (spit, 2w 5. LIRS oR g v ekt
WEAE Bk op BELIR BE A SR L. M R 4% A shik, 2003,
27(11) :65-68.

[4]

[6]

[7]

(8]

[9]

[10]

LIANG Zhicheng, FU Jingbo, LI Futong, et al. Elec-
trical fast transient burst immunity of protection equip-
ment[ ] ]. Automation of Electric Power Systems,
2003,27(11) :65-68.

YUAN Weiliang, LI Erping. A systematic coupled ap-
proach for electromagnetic susceptibility analysis of a
shielded device with multilayer circuitry [J]. IEEE
Trans on Electromagnetic Compatibility, 2005, 47
(4): 692-699.

PHYU H N, LI Erping, YUAN Weiliang. Analysis
of electromagnetic susceptibility on high speed circuits
located in a shielded enclosure [C] // Proceedings of
17th International Zurich Symposium on Electromag-
netic Compatibility. Piscataway, NJ, USA. IEEE,
2006 312-315.

TR B SR PR R, A, B BERPLAC I HL T A
RGN ARG S A O R L) . V9 A8 R A
2007, 41(2) :190-194.

ZHANG Aimin, ZHANG Hang, CHEN Degui, et al.
Analytical method of electromagnetic susceptibility for
electronic devices with shielded enclosure at system
level[J]. Journal of Xi'an Jiaotong University, 2007,
41(2) :190-194.

GUSTAVSEN B, SEMLYEN A. Rational approxima-
tion of frequency domain responses by vector fitting
[J]. IEEE Trans on Power Delivery, 1999, 14(3):
1052-1061.

LI Erping, LIU Enxiao. A coupled efficient and sys-
tematic full-wave time-domain macromodeling and cir-
cuit simulation method for signal integrity analysis of
high-speed interconnects [ J]. IEEE Trans on Ad-
vanced Packaging, 2004,27(2):213-223.

LIU Enxiao, LI Erping, LI Lewei, et al. Finite-differ-
ence time-domain macromodel for simulation of electro-
magnetic interference at high-speed interconnects [ J].
IEEE Trans on Magnetics, 2005, 41(1):65-71.

IEC. TEC 61000-4-4 Electromagnetic compatibility:
part 4,section 4 [ S]. Zurich, Switzerland:IEC, 2004.

(I A



