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Abstract: In order to realize multi-point current monitoring on power line, a multipoint all-fiber current
sensor was described on the principle of time-division multiplexing using ordinary silica fibers and a fiber
loop. The multi-channel sensor system was used to share a set of light source, detection equipment and
digital signal processing system, which can improve the utilization rate while saving cost. In experiment,
a dual-channel fiber current sensor structure was used to measure the current at the same time in the two
different points. The direct current of a measurement point ranged from 0 A~ 600 A and the direct
current of another survey points ranged from 0 A~1 500 A. The experimental data is fitted with linear
fitting. The results show that the suitable cycle number K is 8 and the current sensitivity of K =8 was
approximately 3 to 4 times as high as when K =2. The dual-channel fiber current sensor had good linear
responses for both channels between the output signal AP and the current I. The channels are
independently affected by the current, they require separate calibration.
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Fig.3 Configuration of the double-channel all-fiber current sensor

Delay fiber

Channel, I

Channel,

2l

Coupler A

— ]
NN

VAVAVAVAVAVAVAY,
(14

Coupler

Al

Conductor,

ANNNN

Conduc_:torl

| CoLlcr G

Coupler H

3 BRSUE

S50 v I FE S v ) E R AR AEE R 3 AN 0 A B 1500 A CRTO A F 600 A iR AR U 7 oK 4R 21 I L
EUNPE 4. o 0 SR 48 — AL R OT 0 AL500 A AT 1 500 A HL I8 i 647 305 AR BRI 0 A
200 A F1 600 A HLJEE A GEF IR G, el it & — A A AR5 20 fm F% 43 R 2545 2 1 W0 B O R 1B 22 7k
TEHRREL K R0 2] 5, KA NIEHRRECK N6 2 11528 A FH— DA o 50% & 50 % B9 HEA #8441

1206001~ 4



BRI T2 M2 (G0 BEOL LR B i AL AR

AR 73 A fhe R A B A P DGR G R B — P AT AR L DR A A AR B 2 A i (i B ER s E A L R
i AR R — AN 2R ix ADG AR AT o By Bl BT O ZE A A (2 AN ROR — R S
—> KA BV S OCIE R — U e 22 1 A9 55— IR 2 — B 5 O i HH B9 15 5 e CREEOLER30) 5 —
AU SR B TR AR S OE A R IS SOL CREDEE 0 8 =AM IR — 5 5 K =1 ifE SO (A5 5ot
PEFR—VO S AR 58 B E 5 K =1 85 56 (RIME SORTE R — 00 . DL 2 e v] LA 35 SO & —
A1 (2 08D Sl 5iR FE AR PR R K A2 A i 22 A, i ELBSAE A7 320 CEIY K AR 9 51 5 B AN [] F 37 i A 194 22 1 e 1
B4 2 AW 18] A I R AT B o p i L 2 SRR S Y SE IR DG T R T | SE R I £ P A IR A R R R I
TR K v G B2 25 B8 A5 5 45 A B9 — UOCHE R 0 I 6] (5] B o ph $R A7 250 A 4K B2 R A 25 JEARE 1 2 A9 K B2
B, PR AT 45 F A9 R il R G 27 0 B R TR b AR 4 FLAAR 75 5K A S £F R B R A A Jok o ) B L B i bk
OIS [ IR i 155 28 G0 O IR (8] 23 B 24850 — B AR 5 5 50 B AR o 1) A I T E) B« fh BRI A R A T i i
8 S R G B R DG 2T 5 I 1 i ) 56 R

t=L/c (9

|

1
|

I
»JLul.‘__'I_I_Jf_u___‘.__‘_ﬁlLu__J._,l_

hi / 6.78SmV

(c) Channel, an hanl for ts of 150 A and 600 A, respectivly
K=0~5 K=6~11
R R e - D e e ol 2

Fig.4 Intensity variations of light-pulses for currents passing through the sensor head for dual channels

B 5 R 9 B AL R TT R S B AR B AS ki AP 5 K C R B 5(a) 25— B AL IR T A 45 R
& 5(b) s 5 AR IR T 45 SR 5 — AL R T ol i 2846y 0 A~1 500 AL BB 250 A BC— > H i i
LR T AL R ST R AL 0 A~600 AL 4ERE 100 A BU— S I SN R AT LLE B AP BE K
BRI S T 3 R (5D B A AT R — B B AR IR S B R Ak R U Bl 1 L (B B B SR e R AR b
JUAE K BRI AT DLBE R 2R G000 U RO (R B T A S Y R, PRI A A R R R R R U 2 )
BrR e K 85+ 0EZ HAERNIT AP MK ALl —8L K222 d TR oo & A
o7 A w8 At i R 5 R 1) B TR AT B e RN BT S 6 AR TR T 51 .

1206001-5



. F % M
0.2
0.6 —=— =100 A
o [=200 A
or 0.4 —a [=300 A
02 r —v— [=400 A
0.2 / — =500 A
> 0 > =600 A
& _04}) S-02 \ 3
< —=— =250 A = \
_06k —*=300A -0.4
’ —a— =750 A 0.6
—v—I=1000 A
-08F —<=1250A -0.8
> [=1500 A 10
-1.0 1 1 1 1 1 . N N "
0 2 4 6 8 10 0 2 4 6 8 10
K K
(@) Channel, (a) Channel,
H5 miRELIE AP 5ETEKK 9% %

Fig.5

Variation in degree of polarization change AP with number of round trips K

K6 Hih e K =2 F1 8 B I 1% B PR T AR 5 e I iR B A fb B AP Bifi Fi 0 5 B T A8k 915 O DA B 3% &
It 7S 4 S0 R 25 B B 6 () J& 5 — BR A IR BT AL I AR f o 0 A~1 500 AL BT 6 (b) 225 — & T
HABFA R 0 A~600 AL H 5 R LI E , S MRS (. LB AAE MBLAE 0808 I HEA —E K
LRPERE. K =2 I L2 i L iR /T K =8 I 82 i S0 0 iR 22, MR ISR a5 A iR 2%, — & T
HNFAEAE— R B RE W L 55— THT 2 ph K S 56 4 A W) R D 4R A5 A AE — 8 22 501 3 2l T 25 b R
457 T i 41 2 A 21 2 40 00 U O I S A7 AR TR 22 T A5 55 7 22 UK B 2o 82 ool 28 25 8 45 TR0 A 25 1T DA 2o 25 12F
TR R U D, A0 e R AR S T R R SO R G ET A 5 T DX O £ IR R AR B it L A0 AE DG £F R AME
T Bl B 2T 2 Ry 52 A i 5 b A A T DL 3 S v A9 5 5 AL PR ST HE AT 08D L A el DAXT 22 R BR R £ 1 45 SR oK O
Yy,

0.20 0.30
*i
k.
016k 4 /2 (Measured) 025F 4o k=2 (Measured
* k=8 (Measured) * k=8 gMeasEredg
~ ~ =2 (Simulated) 020} — - k=2 (Simulated)
0.12} k=8 (Simulated) —— =8 (Simulated)
S * 3 015}
0.08} 4
AT 0.10F
- — & - A 4
0.04F A 0.05k -
* _ -
0 = ?/ 1 1 1 1 0 1 1 1 1 1 1
0 250 500 750 1000 1250 1500 0 150 200 300 400 500 600
1 1
(@) Channel, (b) Channel,

e FFhERELME APH B REE I T HEIL
Fig.6 Relationship between the variation in degree of polarization and the current intensity |

F G0 HL U B R SRR K DG R R S Bl K D% sl bt b S50 B 43 B AT i, Y A0 PR TR B
K B/INE A A5 R A 2V OC B 5 2 K M 3 22 1) Al Ze Mo I B 18 i o A5 S A AR R R A
R R T A G A HL AL AL AR XS A S B4 R B AL AR ol T SO TE R A5 K b 2 A B, 2 RIS A
SR L O PR AR 2 P 08 . i RV, weg 00 PR UK K AT LU R i B9 R O R BURE L (R R Y K (LR g
ARG Y M R 22 L R L R PR R K T 8 AR L IE K =8 W RGEHA L K=2 Mm%y 3
B 4 A% RALE P R TT B REUE R 245 A L iR R B8 NIET 6 7T UE i, 3 — AR I T Y
FABRE w5 T — BE AL A IT DA R WA BT A ST BT AT AN [R] A R AH B s A SR 5 1 RS Y L ) (8 LT S
e ML 6 A [ (9 14 TR B0 247 i 57 1 S AR R 4.

4 e

T B R AT AL R ) R BT AT PP I 5 A ) 4 6 2T o Y AR TR DT L H R O R AU B AT

1206001- 6



BRI T2 M2 (G0 BEOL LR B i AL AR

PR3N Sl 3G 0 AE DGR BRI 25 0 B Al L, B T A A R, 3 2 AU O A e AR I A
JH VK b Y65 RT3 52 1 AR R s 205 I 0% i 0 D7 e AT 52 30 22 vl i ) I G 00 3 38 A U0 194 D' 2T A% i
M5 E AT = ARG T L R AR AR . 7E 52 50 rh 328 FH XU 4 DG 21 W It A% J8e i o i 9 Al 41 32 1) 728 Ak B e, dt i 32
B 728 ARG B0 IR T TR HL I A SRR B RT AT M O LS 2 R S S AR AT S 50 3 I BROGAE S 1 I PR S B
HL I 2 A8 Ak, T EUAE 2 (R HR A, R4S A ST AR IR R G B AR B T B 25 SR AR W S B 2 AL
BT A ZAE DG FR L A A2 SRR ST A AT (] B A T AN () %) P O {1
5 % 3k
[1] BOHNERT K., GABUS P, KOSTOVIC ], et al. Optical fiber sensors for the electric power industry[J]. Optics and
Lasers in Engineering » 2005, 43(3-5): 511-526.
[2] WANG Zheng-ping, LI Qing-bo, WU Qiang, et al. Effects of the temperature features of linear birefringence upon the
sensitivity of a bulk glass current sensor[J]. Optics and Laser Technology, 2007, 39(1): 8-12.
[3] ZUP, CHAN CC, LEW W S, et al. Magneto optical fiber sensor based on magnetic fluid[J]. Optics Letters, 2012, 37
(3): 398-400.
[4] WATEKAR PR, JUS, KIM S, et al. Development of a highly sensitive compact sized optical fiber current sensor[J].
Optics Express, 2010, 18(16): 17096-17105.
[5] SUN L, JIANG S, MARVIANTE J R, et al. All-fiber optical magnetic-field sensor based on Faraday rotation in highly
terbium-doped fiber[J]. Optics Express. 2010, 18(6): 5407-5412.
[6] AERSSENS M, DESCAMPS F, GUSAROV A, et al. Influence of the optical fiber type on the performances of fiber-
optics currentsensor dedicated to plasma current measurement in ITER[J]. Applied Optics, 2015, 54(19): 5983-5991.
[7] YANG Yu-qgiang, YANG Qun, GE Wei, et al. Temperature compensated GMM-FBG current sensor[ ] ]. Optics and
Precision Engineering , 2016, 24(10) . 2377-2383.
¥ B 5 R B AR A, TR Sl kMR g O 45 bR A A% GBI G £ U A R AR L], R % TR, 2016,24(10)
2377-2383.
[8] YAN Yu, PAN Ding, ZHANG Xu-le, ez al. Study of electromagnetic compatibility based on reflective fiber optical
current transformer[J]. High Voltage Apparatus, 2016, 52(1): 0148-0153.
B T 0K 4 SO A 2 e U R v R e A PR RE DT S LT ], TR L A% ,2016,52(1) :0148-0153.
[9] ZHANG Chao-yang, ZHANG Chun-xi, WANG Xia-xiao, et al. Influence of SLD's power attenuation on scale factor of
closed-loop fiber optic current transformer[J]. Acta Photonica Sinica , 2008, 37(12): 2458-2461.
TREARH ik E R TR . A6 T 3 8 O P PR O A A Il BLER AR AR L g i i 5 [T ). 6T 243k . 2008,37(12) : 2458-2461.
[10] LI Gao-ming, QIU Yi-shen, CHEN Shu-qgiang, er a/. Multichannel-fiber ring down sensor based on time division
multiplexing[ J]. Optics Letters, 2008, 33(24): 3022-3024.
[11] WANG Li-hui, CAO Min, LIU Qing-chan, et a/. Modeling and experimental verification of polarization errors in
Sagnac fiber optic current sensor[J]. Optik, 2015, 126(20); 2743-2746.
[12] WANG Qi, XIA Ji, LIU Xia, et al. A novel current sensor based on magnetic fluid and fiber Loop cavity ring-down
technology[ J 1. IEEE Sensors Journal, 2015, 15(11): 6192-6198.
[13] DU Jiang-bing, TAO Ye-meng, LIU Yin-ping, et al. Highly sensitive and reconfigurable fiber optic current sensor by
optical recirculating in a fiber loop[J]. Optics Express, 2016, 24(16): 17980-17988.
[14] WATEKAR P R, YANG H, JU S, et al. Enhanced current sensitivity in the optical fiber doped with CdSe quantum
dots[J]. Optics Express, 2009, 17(5): 3157-3164.
[15] DING Zhen-yang, DU Yang, LIU Tie-gen, et al. Distributed optical fiber current sensor based on magnetostriction in
OFDR[]J]. IEEE Photonics Technology Letters, 2015, 27(19): 2055-2058.

Foundation item: The Educational Research Foundation for Middle-aged and Young Teacher of Fujian Province (No. JA15113), the
Natural Science Foundation of Fujian Province of China (No. 2016J01751) , the Natural Science Foundation of China (No. 51607040) , the
Program for Changjiang Scholars and Innovative Research Team in University (No. IRT_15R10)

1206001-7



