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Coupling principle and channel model of carrier signal in medium voltage buried cable

WANG Yan, LI Yongliang, ZHAO Hongshan
(School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: The coupling characteristics and channel model of the carrier signal in the medium voltage buried cable are the
basis for analyzing the transmission characteristics. Based on the principle of electromagnetic induction, combined with
the coupling mode of the snap-in inductive coupler and the structure of the medium-voltage buried cable, the coupling
model of the snap-in inductive coupler is derived. Then, according to the actual medium voltage distribution network
topology and cable grounding method, the multi-conductor transmission line theory and the branch addition method are
used to construct the channel model of the carrier signal in the medium voltage buried cable. Finally, based on the channel
model, the transmission characteristics of the carrier signal in the conductive layers of the medium voltage buried cable
and the total transmission characteristics of the different locations are analyzed, and the simulation and laboratory tests are
carried out. The results show that the carrier signal has the same transmission characteristics in the three-phase cable core;
the carrier signal strength is the largest in the armor layer, the shielding level is the smallest, and the three-phase cable
core is the smallest; the carrier signal strength will have an attenuation of about -15dB for each time through the ring
network cabinet.

This work is supported by National Natural Science Foundation of China (No. 51807063) and Fundamental Research
Funds for the Central Universities (No. 2019MS081).

Key words: carrier signal; buried cable; coupling model; channel characteristics; transmission characteristics

jlll

0 5|

R RERC A A D 2 BE HL P R OCBERA Y, al S
XA Gl A S R T SR
A A3 T SE PR AT RS R 2 A

HEB: BRAAAFALRA F8h (51807063); F4£5
AR AR A 555 5 3R F4R B F8h (2019MS081)

SR IE (5 E, 2R BRI BT RS 18
(R EE 7R o FL ) S B80 A5 A F B PR S Fi P 4%
YEMIBAESIE, KRWE TRBEENST, B
ORARIK) P4 £48 3 T8 R SORI N P (K)o A A, VR
AT (AN ST, H ) SR AR A A 2 R i v Y
A AT 307 Rz —H,

Mo B EL BT VA N A N, B AN
HuTH A E), ARGV TR AN 2 . BR TR



_30- @) &GP D

H IR o A o A, HIBE LA AR R
DRI 201 ) [ PR A58 10 5] o B e 0 T BB AR 97
PR R 3 0 B AR S R i, b
FEL 2 LT T i I XA L Pt o ) 1 3 5 e AR
1117, A SRk i B UE KRR A R e A% A 20 FiC Y3
i, JFAGER T SEBUEAS H bR s S ME T
Bk it N AL LB 2 it 1 A% S Al A7 A0 AV 52
FEo DA 280384 5 A8 v Hs b L 2 v F R 5 D
Bl TEAR R R AR fanes PR IR U RAT 2 (B e
T SRR A

B LB G A S T R diLkik . 4
e 1 I E N UL &5 a8 5 R Ui R &
& EANXHRBR G ST THRYRRZ, 2387
AATIE, Head Refrfe e afa i mRaatt
R G AT PR . T AR AN S5 B (K
M AR E, AN R 1 DL SEBL S I T
fi, ZHRITAEAR, A5 e 1Y B o 1 2
AR RAR) KN AR HAT, B Rl
AR e 2 ) LR 5 95 U7 1T IO L A 2
JER : SCHR[S TR A5 25 L g e FEEAT i L iy, 2
T T e AR AR R A D 4 1 e A s SR
(6T LR G ELE, PEH Rl M AME 2%, 2>
BrfS BUAR SR AL D R SRS R AL TR
NPT iE2 - ERG S LB RGBS
P fioh PR PR SRR 5 st S I 280 A R AR DR T 9 0
GEROE AR

s I A 22 O — S5 N R, R AR
R HBRE & 5 U, A 5 W nT R & 21 i 25
PRz 3R, SOGB4 — A BT,
= ZIAFAE B [, HgiRps—4
PR WA A $ s S5 S o ) R PR A A, AR S
71 GRR B h AR SRR R AR R MO R k. H
0 FEFEN, BRSSO A
KZ R B L g b= 0 et fs ™, IR 18
HLAEZEL B R AL 38 15 DRl = < T A FLIB AR
X EGAE TN RSN, BARTE R T
LR BEA T IR, AR BEEA T AR R B
SRR LA YRS U AT R, e
Bic Fi P L B i 1T 5 AN BAT I A

ARG R RS R & Al & 7 AU b s
NGRS NE Y (AP W VT S AR S e
IR, HEFAREEE G SRR RSB R g

St R T AL B, R 2 SR s 2 g
RS 3 o 1 s v M I 9 R 8 £ T 0 A
M, JFHES BT T AL s 2 e 4 TP ) A% i R
B e, I HAEBR AT RRE, B IF
D7 FLRAIE T 3R 5 A8 I s L 2 2% 3 LR
A% B s D L

1 FEABRBSRBEIERE

1.1 P& o e ) L 4 4% BR 45 44

Hh T L P = R 2 v A P ) 1
o B ZIEESE FL T B T A 430 A T R
(A,B,C =AHZIE) WO Zk. DRz WATZ
Ry DA e e MU SRS A R
fiike, 43 AT HL B S EGN AT B2 % 18 A — MR Y
R

il s

2 %%

i)z

Wtz

RS

Sk
1 RERBERNER= SR BSEmE
Fig. 1 Cross-sectional view of three-core armored cable

commonly used in the medium distribution network
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Fig. 2 Physical picture of embedded inductive coupler



+ e, &

AR 5 A TR s U R 2 T AR S B R A A Y - 33 -

T/NEIRIBR, SRS £ s SEA S A T AR — A
AR A AR s B ABAE 5 1—IR B 9E 51k
JalpES N P e 2 4 Iy O R &2
MRS A R g b, Wi =M1k
BN AL RSP U e g SR Y ]
e B AR [ i Ak A ] 1 T EL 37 A 5
o HRIER N B R B T R AT AR 2
Bipti)z s B, ST A B8 AN L.
I LB AT 5 ik B 2 n ] BB F)
sea e, DA = A0 A AEhR = AN
NI N P VAR R 2N Y A
1.3 FHEABRBAEREE
R IO I AN BB T N, AR
i o PR RN E A, RN L 35k
oo A dth)
dr dr

e gy g, BN GAS— IRIsR™E
TR RO s ¢, ) — MR IsHLIE; N,
IR P T2 N, Dy R I Pl ) I e, e e
BEIEMAR G AT, MN, =1.
T B PR DA 7 A T
Gl =Niis $uR, =Nyiy, $,R, =Nyi, (2)
Rifs RN ERGIARRANL i i, 5 B o 5
U R, D UM T T I A B
EE WS EOL SETIECR
2 ﬂM(N_N_JM 3
R~ df R R,) dt
e bria Tl ke, RO ERE A2
10 P 8 e I 0 S i 4 B P B, 85— O (R e
BN FAEFHHTEO, KRN, TR R
H U F R . R EU(3) AR
NN, d(i)
) R _R—mT 4)
K 3 pro AR USRS S A A LI 4R B o
W a~ b HANMIA SN AR, S5 A
RIS RE,  h A S . S5 3,
It Re S B P i 2 v, A
20 N n(a+b) 5)
,uo(h+5)(b—a+5) M h(b—a)
e Ry Ry 23 A R 2 S B ARG TR P
Ho~ M 53 R SRR FA S Y 1 32 %

R,=R,+R, =

3 FEABRBER[RMINILMELE
Fig. 3 Magnetic ring geometry of embedded inductive coupler
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Table 1 Main parameters of the laboratory coupler model

WAR, AME o R]BY M R ER AR
mm mm mm mm Iifi %5 (H/m) #/(H/m)
26 43 15 0.5 3 4 x 107 x 2300 4w x 107
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Table 2 Comparison of theoretical and measured values

B /kHz R IETAY Hg /v AR IR ZE %
100 052 0.536 8 3.13%
150 0.82 0.805 1 1.85%
200 1.03 10735 4.05%
250 127 13420 537%
300 1.50 1.610 4 6.86%
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Fig. 4 Simple topology diagram of the medium voltage

distribution network cable line
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Table 3 Main parameters of coupler model
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Fig. 5 Attenuation characteristics of the conductive layers of
the cable before and after the cable network passing

through the ring network cabinet
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