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Simulation Study on Power Line Carrier Communication Design
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Abstract The normal operation of subsea production control system is closely linked to the safety and reliability of
communication system. Power line carrier communication (PLC) model is established with the concept of lumped
parameter, and the RLGC measured data of an underwater gas field of the South China Sea is introduced into the
system. The OrCAD Capture software is used for simulation. Attenuation curves of different transmission paths are
obtained. Finally, through limiting the bit error rate, the attainable transmission rate is calculated. In this way, a

new method is provided for the communication design of subsea production system.
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Fig. 2 Power/communication structure of

subsea production control system

K BB T K T L ) /38 45 B8 (SPCUD
IR B AL T4 AN OK R AR S (SCMD |,
BARGHK 5K /M5 S R i o — AR
TR A K E R 30 km, /K464 SCM 2 ]
L N B AR 0 e TR S R R SR, K
T &t 7 4 SCM, SDH 5%, 75 #8485
C B A& —4 SCML K F AR K45 F SDH Hr,

T 2RI 5 5 AN Re e 15 B A8 R g A T Han s A
I 38 A A5 LA R PR A3« (1) 7K T 5%y 48 2% iy A
AEZK T SDH Z 8] f#% 30 km F 7 4aim = (2) K
T SDH %7K~ SCM 2 [a] %35 P I i B8 15 .

HRAE LA b 53 B s 7R 005 15 A T A 2% &
BB Z M g PE TR ST I RG24k &
I X A SE A @) FX G haady
T HLITER N A rL R L LR R DA S L R
#r EME S AR B AT AT Wb ARG 4 A
ZHNEUE.

TR TR — R I R A 3 F 45 1Y) o A
RLGC S48 .8 b % B 4 B2 (%) FE B0 1A 0 2 4
i AR BN RUR R 1 RLGC 3008 78 52 PRy T
s, FUR RS0 A1 ra B A S B A A8 2% 114 T e
A T HRSEOOEAR RIS AR A% 4 2 A
P PRGBS R GE 5 8 AE R AT L2
W o DRI o AT AR AR — 3 I 4t 1) — 20 RLGC 244
(BT AR HEA T X TR A B Y FL R B R
Ax, I THE—E KNSR S LM, B DL
RLGC Z4nT FHF 715

R = rAx,L = [Ax,G = gAx,C = cAx, (6)
Kerologoe RS TRAT B, BB

TORLAME. LTS 5 R S5 SR TR AR
9 16 mm® BIK T L RS, B oK N e —
SE SRR S B A KR TS RE R 15 4 17
Fii7n . T AHAR SCM 22 Ja] 4 5 1< 18 17 I 2 AN i
30 k. ARG AR L L . T 200 HL A A4 4R JER A0 A
SIS TR o 2 rh SO ALE ] T A
BT . SCERL 18 X & sk oA L S 4T 105
HL A5 EAREY] L A8 1 Hz~30 MHz JEF 9. B
Z Y SO ] AN T . PR AR ELTE
JERAER TR T R 1 HR TR BB T Ao A
BHL L RS AL AR R AR A =X (O TR R Y
%1 RLCHBEMEME
Table 1 Measured values of RLC

Bigg/km WL R/Q  HUEKL/mH W% C/pF
0.2 0. 48 0. 150 0.0104
0.3 0.72 0. 225 0.0156
0.5 L2 0.375 0. 0260

1 2.4 0. 750 0. 0520
L5 3.6 1.125 0.0780
2 4.8 1.500 0.1040
30 72 22.500 1.5600

2.2 FERHN

OrCAD Capture X —H T 11t H 3116 (EDA)
B AT 5 I R I TR 22 o AL L LA K BB SR
WFETIRE AR E A T oM A B 5 R
A8 A SCR ANZ A AT B e RN
FEAG TE U T M (3 R LR D A&y o 45 HL
B E R B 0T . 5 BT AL T — 2 i A
YLBA A, BAR N

(1) B 28 AT HUK R R R K R E {5
Jo i 5 ] 2 NI 5 VK R i 2R 4 JE B T
W ST L 0% o A 1) 5 i P T R D 5 KR S P —
H—2~30 C.

(2) WHITr=: MQAM,

(3) R RAE T 1X10°°,

(4) KRHHEEH 37 dBm(5 W) ; [R10}, # #2351 H
ME s REHEBWLERAR R ZE K T4 T —45 dBm
R T ULAE A 5B WV AE 75 50 75, Tk 3 U
5. R R TR T R AT

Pp = 10 « 1g(Ix + Vi) « 1000, (7
X Pr HZBHLE S 2R, dBm,

U5 BB BRI /IME 5 5 W 75 TR s o A

R RELTI R R 37 dBm. BE{E R 1. A



5514 AR A5 KT P Ly A 5 VO BT - 67 -
0. KA 2 AERARE 4 2 AR 10 TEGRKERGE o T8 QOB AR IR AR ) 2 S I
filisi. BPIHFEN 100 Hz~500 kHz, KEAMEMHE  ATRLZRCATE HR i T bR 5 -5 & i i fg

U CUPS) A Ay v X 19 S5 550 M 75 5, BB 30 A8 18
B HH — A7 M kL

1) 1. TG I S B9 30 km E AT SIS S
WCREME . WA 3 B b R AT E A A SRR o i
FH R R L A C IS 2 AR SR, DA [
PREf. Q.H FMF, {5508 V1,8 7155 37 dBm 19
KT NBHAE R 25 Q. FHL T /KT SDH
SCM |, BN 100 Q. T4 T/ iR 2
AR R 3 S AE —20,0,20,40,60 C T A
T EE R AT 5 B, S USRI X 38 A P R A 52
RN B AN & 4 TR AN REE T 2 E 5
DA Zed A, Ud B P58 W B e B2 LA 5 I f
AT, 1 kHz LIFT I R R fe e, @ o
1 kHzDLJ5 S 2ebEal, AUEmZe 4. 624 9 kHz,

L J0km SDH
1 R6, 1 K2
1 72 0.022'5
R7
i s 1 i 1
IMSR3 L RS
g T.Cl 2 100
\ 2 2 2
1 Vac 1 560nF
0 Vdc

Rser=0 Cpar=0
.ac oct 10 50 500000

&3 JoHL REFR I, 2B 2R 7 A5 O B A
Fig. 3 Umbilical downlink communication

simulation model without electric network noises

100 F

I % /dBm

-100
(4.6249x103, —44.833)

-200 1 = 1
102 103 104 105 5x10°
$HE/Hz

B4 B S 0
Fig. 4 Signal attenuation at the receiving end
181 2.2 JI A H, DO S MR 7 o T LA D I 2 %
A5 SR

[ P, 28— AR PR 5, R B3 o %
S e, R SRR LB 135 2 S, T 5
LB T H R S 0 1 A 4 5 1
el FEHOK AR 230 VI UPS Sk F
Vg et R Bk K T SDH 4b 22 i 75 I 28 I
DI AT A SCM s I B FBL A LI (5. UPS
(TR B 13 B 10 Q. 9 T 185 7S
SR PR S5 TL E  5 A BU R AT SR T
LM . T 6 7 LA 4 T AR RIRE T e R
M R A 2k 5 R, UPS 5 %
SPHLRESH (0 8 0 R ) 2 S8/ F 47345 19 317
tis 25, L 7 R 8 43I i B
RI3ET T 0

R2 L1
A—nA
72 0.022 5
R1
1 srR3 La R4 =
.| vs 1 IM T s60nH 1007
1230 Vd¢|
L T
0 LC2 LC3 +C4 G5
in Tin Ip Ip
L3 L16
[ K1 10 uH < R k2 10 pH L
K Linear 0 Klinear -0
COUPLING = 1 L2 COUPLING =1 L15
10 uH = 10 uH
i A u
RS VE; R16
25 FREQ =30 kHz 100 =
VAMPL = 0
VOFF =0
AC=1

B 5 A H 0T S M 7 e 3 Y 408 3 5 )y AR AR
Fig. 5 Umbilical communication simulation

model with additive electric network noises

-340
-345

-350

M #/dBm

-355
o 60°C
-360L |a 40°C
v 20°C
agsL |0 o0°C
363 o -20°C
—370 1 1 1 1
102 3%10? 10° 3x10° 10*

$E/Hz

Bl 6 T AR T 0 B T e s
Fig. 6 Electric network background noises in

the umbilical cable under different temperature



< 68 - i TR A S HOR

%25

L 6 v E e mT LUE B J0 i BRI anfeT g
2 A 100~870 Hz 3% — Mt N » A~ H [ 75 5 e s
Th AR 5 48 B K i R Y AR AR S 870 Hz
If DRI AE — 342~ — 346 dBm Z [H], B J5 4t
TR X I 5 e R T 4 S TR
7 Y TE RN L AT R R T R R Y A A 2 A
WAHLE S I BOE AR RS . 4 S BUE i vi s 78
Iep A1 A i %
HRTE—20 CH| 60 CHEE A, 5T+
20 C, HL T SR A R ARG 2y 0. 8 dB, LR
B T % — 342~ — 370 dBm AH AT DL ZBS , X
I T 1 72 A ) i, TR0 8 S M 7 ) S e /N 52
Pri {5 R Ge it al AgE
K B B 2t B B K T SDH 9 7 4
50 |
0k R7,2

-50
-100 -

-

RHHE: 37 dBm
L (2.454 3x10%,-44.778) R&.1

350 |
“400 - HEE RS
450 ,

1 1
10? 10° 10* 10°  5x10°
W& /Hz

M /dBm
O S U
S W © W
S 338 3

T

IV S e A R =R

Fig. 7 Downlink attenuation of the umbilical cable

AT WA 7 BN B S (RS IR R S TR
TSR E2 A Ze L S ) S M, Rk DR A
BRI B R TE 37 dBm(5 W) 3 B2 WL 3
£ 0~700 Hz Z [A{£ 457 — 14 dBm, #8id 700 Hz
JEEME T R U5 5 T R R = B 2. 454 3 kHz i,
FEHLAY S S o 58 3] — 45 dBm, L IC R
AMES.

Bl 8 JEn T B8 ATk, #LE S5
ol 2 IR AR R B R R X A5 S A T e
Fe2 1. 7591 kHz, d#id 5 47300 bl 0 . [/ —
LA AR AT 3 D S T B, B e A i — B
WIERPERE . R, AT 3 000 B LR G D i
BT LA AR 1 A5 SR A o A 48 5 8 .

0r R8,1
(897.654,-34.995)

=50

5 4
i (1.759 1x103,-44.969
R
-100}-
-150 . . L .
102 103 104 100 5x10°

= /Hz

K8 FHedrdin bar e
Fig. 8 Uplink attenuation of the umbilical cable

SDH FEEIC
A R37  L23 B R2 (%?)L'E)L?S SCM1
a5 00015 R3S 24 00002 Lo 2w
RI IM]_Tio4 nF] 100 IM] Ts2nF]100
10 R SeM2 [ cs
| voower 0.72 0.000.2251 R17 Tl In
500 Vde== RIS Lc6 2 0
T IM] T5.6nf L16
- l R22 L18 SCM3 A
- 3 A = - 10 pH
0 Ie 3 D Rs8 130 SCM7 12 00003751 | R20 = 0 BR
Tn 2"4 0.00%;3 R56 M T2C67nF 100 &Ll COUPLING = 1
L3 E
. M ] Toop] 00 RS Lo S 10 uH
K LOuH = 0,000 75 RI6
K Lincar -0 2 lcg R23 100
COUPLING = | L2 IM] T52nF 100
FREVEID =0
RS N Rz 128 C R40  L24 SCM5
& 0,001 125 12 0.000375 l . Lrsg
RS 13 R50 R39 9613F 100
FREQ = 30 kHz — = R
VAMPL =1 = N R43 125 SCM6
VOFF = 0 0.000 15
Al 0.48 14 SR41
AC= R42 lLM 100
T0.4 nf

B9 S S5 05 (i B R

Fig. 9 Communication simulation model of the infield umbilical cables



511 AR, 4 KT L 3R A5 R I e B Y + 69 -
%1 3. 7K F SDH F|/KF SCM 2z [a] #4937 N ik i B 11 Hdbs 7 KBnfE S . 1B
EARGIE =N B SDH—SCM7 4% W i e 22 12, 7 96 1l ik

H i SPS 7K T 2 8 X LA BU S5 44 o 3,
SDH 5 SCM Z [a] iy 47 N Ji s {5 4 A4 an il 9 f
71N Hor 2o 4 A8 R s B AT AR B I T
SCM1~SCM7 A s HLFH 1. K F B —4> SCM
YL % 2 300~600 V, AW A HAEHL 500 VAR
KF SCM 1y ik i Y5 L L 5 55 & G HLAE F SDH
b AL 2 SCM1~SCM7 Hr, [/ 10 FIE 11
A3 IRIK T 3 P9 Bl B (5 R GE R TS SRS DL A
A EERR I N AT I

~140 |
(58.693x10°, —148.502)
~150 |
g
m
as
4
R
~160 |
—-170 1 1 1 L
102 103 10* 105 5x10°
S /Hz
E 10 N R X 1 S s
1£. ectric networ ac round noises
Fig. 10  Electri k backg d noi
in the infield umbilical cables
0+
40 L e
- (4.470, —24.985) ~—
2 gl (15.771, -44.936) \
};‘i 0 SDH—SCMI,R30,1 :
R _150L | © SDH—SCM2,R12,1 \
¥V SDH—SCM3,R15,1
A SDH—SCM4,R17,1
_160 L | O SDH—SCMS5,R7,1
+ SDH—SCM6,R27,1
X SDH—SCM7.R18.1
-200 i :
103 104 10°

A /Hz

11 BN S4B AR N AT AR = Ut 45 L
Fig. 11 Comparison of attenuation curve
for downlink communication of each path

in the infield umbilical cables
X 10 5 & 6 s 2 vl LI 2] KT
SCM 2 [] i 375 PN J5% 5 20 368 {5 1 | DX 8 S Mt s o 1
B e G LS EIR S S

60 kHz D) -, BRESHREH) SDH—SCMI1 F1 SDH—
SCM4 AR FE i ™8 . H7 55 0 15. 771 kHz, X H
B — 4R A 75 S PRIV TR (S RG Ty
Zrp I L R e T T A AR R AR A
JiEiHE%, ik, K F SCM 22 J6) 18 15 B i i 5
A& s R Z AR Y5 SDH %] SCM1 5 SCM2 2 [a] )
Rk,

3 kiR

3.1 ERFFA Lt RITE

ATC B L 2R B T fE M ) g7 Xk
MQAM. %75 i —Z 5 32 5 B A5 B IS
77 X BT T HERE J7 » I 2 A TR
PR AR T URGEIR HOIE A 15 i
Ry

A BRSBTS B RE IR R
ASCESRIEFREF AR T 1X107°. MQAM
77 R R

P, vgam = 2(1_/71]\7)&1%( /Z(Mgiil))’ (8)

K erfeO N HAMRE REL + IIFEMELL X2
BN 5 N
erfc(x) =1 —erf(x) = QJIQ% dz, €))
wdo

—— (10)

ny

ArfeerfO iR 22 R, 7Tl o MATLAB b i) 5%
ZREAR ST E. HEESRERE 00 NI
WCHL T b PRI 1 S5 MR 7 AR 4l i ST 0 B AR R
S —45 dBm, E,, WL N
_P.XB

s
Korf: Pre RN 19 5 5 B4 i Be 125 B
R TE 5 S, SR TSR I e R A% R o A s Sk
TR, nifs

E?IV (11)

P vigan = 2(1 *Tlﬂ>erfc

3¢P.+B- log2M> M
</2-(M—1> Losll JogM. (12)

AR YRAL i R BR D e ™ T Y AT 4R
TG RHH B SRR A ny = 10 +° X10° W,
e A 1759 Hz, /@R 4QAM, [RIEF, Ky




K T TR A AR $ 2%

T T e AR B 0 e A A 3 e S AT e
b 6 5511 AR L AT 23R A A ) AR B TSR, AR IR
A EE T (897. 654 Hz, —34. 995 dBm), ¥ I3k
B A (12)n] 15

P, joam = 2(1 *711>erfc

( /3 10735 e 1102« 1759 log24)
2¢(4—1)+10% «1+10° S,

log,4 = 1 X 107°, (13)

Kz TR, 1 BME I HE A S, = 1392.625

bit/s. M Sy HABEL A B QAM I i 7 2 A% i i
Nk 2 P

*2 ERHEHAREHES TR ETEEER
Table 2 Uplink transmission rates of the umbilical

cable under different systems

M{H fEHIEAE/ (bit e s )
4 1392. 625

16 514. 244

64 175. 942

256 56. 818

M 2 AL S BEAE M A AN W73 £4 4
AR o 33X 2 PR A 7 DR A 3R BEOR A [R] B 2%
AR TR A9 15 BRGNS BT R A R
AR vy 1AL R A Rl FEE . DI, 76 B 7
A T K5 ML A B A i T 3 R R G T S
XA AHEL P JE R AR FE

3.2 SDH %| SCM = [&] 1] 37 A i 4 45 1% 4y
R E

BEXI 3 7K T S5 s R 3 i G Y
AR T AT AR O B A3 T 055kt 5E . 41l
TR A 4QAM, 38 i 3 (8) #EAT I, 45 B AH N
B R AL s R, 3% 3 Y SEMJE K T HL
B, A5 BPGEE T RS Je SCM F il f b v g —
.

4 45 ik

AR X B K T UM EAT 1K #iaa
R IERF PR 07 B 0T AR T 24538

(L) {753 0 ok i % a1 85 ) 494 o o 34 K 5 7 [7)
— 2R (R T B AT RN R T M AT

(2) {538 T Vol it 15 5903 A9 38 T i 38 O B
AR A AEAT HL R T S IR I L JC HEL )8 5 I 7 s
B2/ N

3 FAFTFHZETTEENEHSE
Table 3 Transmission characteristic of the downlink

communication among infield umbilical cables

. . . GO [ Tpy
] Tl & . _
LLRES A /kHz /(bites 1)

SEM1—->B—>A—>C—>SEM5 5.6927 45044

SEM1—-B—A—-D—=SEM7 9.0350 71491

SEM5—~C—>A—>B—>SEM1 5.7427 45 440
1QAM 0

SEM5—C—>A—>D—>SEM7 20.4940 162162

SEM7—>D—>A—>B—>SEMI1 9.4555 74 818

SEM7—-D—>A—-C—SEM5 16.0150 126721

(3) UPS Fy A2 X 2k s I P Dy 3 AR A 9 5 i
ZIN S T2 5 A i B P 8 1 2 4 v W P WA
JI R R T BRI DR B R A A I RS D) AN
23 B W (A BB s SCM B (/D B IR 2
HOEA R GRS R ) A R R L (H 2 (g
DR B A A E

(4) UPS 7 A= By H [ 8 S5 Mg s 2 el el 55
AR AT RS - 7 20 58 A8 A IR IR] — A% T
fr oL fd R

(5) JK T BRI il B AR AR A 5 i o ) 52 i
AT

(6) TERRE T DR AYI DL » 14 ol 2 R il 3
) S g S T AR AR (L TS AT P s

ATy SPS H KT B0 15 R SR i
PET R BT T LR SR A — i
SN H.

[1] LimJS. Barker G L. Deepwater multiwell subsea production
system[ C]. OTC, 1986; 5092.

(2] BRZEIK. WEHmAIFR TR T ET RG] Al
B, 2007, 35(5): 54.

(3] EF. #hmidh, HH. K FMKESRGE] b EEE
£3,2009, 24(6); 41.

[4] Bavidge M. Husky Liwan deepwater subsea control system
[C]. OTC, 2013 23960.

[5] Corneliussen S, KOS 200, the subsea control system for the
Millenium[ C]. SCADA, 2002: 111.

[6] Carlson B C. API offshore standards activities; subsea
production systems[ C]. OTC, 1986 5242.

[7] Vichitrananda V, Simms N, Sumner J. Subsea processing in
remote marginal fields[C]. SPE, 2012 153345.

[8] Nelson S G. AKPO: the subsea production system [ C].
OTC, 2010; 20993.

(9] JRud, XUMSIE, Fuk. BI1/MF TAREORTEAK T A7 R G
MAL] AT Ak, 2008(5): 29.

L10]  skEL AKFAER RGBSR L] EEM. 2010, 51



%1 AT A KR H R ) a5 R A B © 7L
(A02) . 185. [16] Anatory J., Theethayi N, Thottappillil R, et al. The effects
[11] Hesbol S, Hprten V, Steigen V. Power line communication of interconnections and branched network in the broadband

[12]

[13]

[14]

[15]

device for subsea well; USA, US 2010/0052940 A1[P].
2010-03-04.

Horten V, Steigen V. Modem in particular for subsea power
line communication; USA, 8279614[P]. 2012-10-02.
Brekke E, Horten V. Steigen V. Method and modem for
subsea power line communication; USA, 8199798 P]. 2012-
06-12.

Zimmermann M, Dostert K. A multipath model for the
powerline channel[ J]. IEEE Trans Communications, 2002,
50(4): 553.

Philipps H. Modelling of powerline communication channels
[C1.
1999. 14.

Powerline Communications and Its Applications,

[17]

(18]

[19]

[20]

powerline communications [ C]. International Gathering of
Radio Science, 2005.

Meng H, Chen S, Guan Y L, et al. A transmission line
model for high-frequency power line communication channel
[CJ. International Conference on Power System Technology,
2002, 2. 1290.

Guezgouz D, Lebunetel ] C, Raingeaud Y. Electromagnetic
compatibility between power line communication and powers
converters[ C]. IECON, 2009 4098.

SR . KR AR R G AR Y S B B AT A
FROTT (], Mgk, 2013(3):5.

KA, BRI, AR EIEIM de s SR EE T
Ji#t, 2008.

- JEIT B F -

(TR E S5 K ARMEIT B E (2015 4)

Cigre TR 3 SRR Ve th i Sl R A8 L LI STl R R o B 2 St R, AT
IR T TR A7 AT ST et S A L R AN A BEAE D7 T A O DL S A R Bk B . AT
FEEEE X R O A TR WIS BOR MO . 2015 ARA RIS XU TR A 6 3]

(v TREREA SRR MEIT A7 AR (BN R0

N 50 JC AETEM 300 7T
RN [ 2015 4E424F TTIEL
el TE3H
AN S
W bk
et A NGNS

VT B Se o H T R S g R AR
0

TFPAT R E DR RAT L S AT

M4 :1001271509004604 749

J14 RS R A A R

IR A RIS SE 3 A LR R R

(BRIBEESBAR) RED

Hodk: BigTE B K 951 5 Ll 3l KA ARk (BB 4 : 200030)

B8 : journalsjtup@hotmail. com

B17%:021-61675249;61675260;60823078 {5 E :021-61675228

st 7T A8 2 B U 3T AT < BB & RS- 4-897.



