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Calculation and test of phase difference of fiber optic
current transducer

Zhang Chaoyang, Zhang Chunxi, Wang Xiaxiao, Liu Qingging, Gao Shuang

(School of Instrument and Opto-electronic Engineering, Beihang University, Beijing 100083, China)

Abstract; Phase difference of current transducer is one of the main factors in electrical energy metering. According
to the operation principle of digital closed-loop fiber optic current transducer (D-FOCT), the hardware time delay
and phase-frequency characteristic of D-FOCT are the prime sources of phase difference. The theoretical magnitude
of the phase difference is calculated by analyzing the signal flow graph and transfer function of D-FOCT. Afterwards,
an experimental method based on sine response and step response is put forward for phase difference measurement
and theoretical calculation validation. The validation concludes that the D-FOCT phase difference for power frequen-
cy current is approximately 1° and the phase difference error is less than 8'.
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Fig. 1 Schematic diagram of the FOCT

MR FTLUES, THHE LS REMEE ¢, BRK
PR, A AR AL 22 P AT o O R BEORE IR, T S LA R, OF
BT8R AN RE R et A B i 77 T M R ba ., AT 5
RIS (R) B, 15 5 b FR A 43, B H 7 Bl R, n
2(a) fiis , R HRRIRE A O 277 £ w/2 B, Hi15
RETAETER RPN, K T RIFRAX 1/f g,
PR P BRI R 27 (o RO TE G v A 8 st ) ) 5
TR ARG AR ) ik, a0 2 (o) Btz , LG R R0 8%
iR AR S RAE MR EFR A, % A #
1T 2B, R4 45 RAE R B4 i R A, 85 S it
D/A KBRS0 e B S I B0AR AL I il 4%, LL7E P RO 2 (8]
5| A—™5 Faraday U AHES ¢, K/NAHSE 7 [0 4H 2 89
RIBAMEME o, ERHARRG. WINRE T B
HipeH

S; =0.5K, - L1y (1 +cos(p, +dp £m/2)) =
0.5K, « L -1, - (1 +cos(p, + g £w/2)) =
0.5K, - L1y - (1 +sin(y + be)) (2)

2+ WS

XL KK 111

3L v i ::::(b):::‘ﬁ‘;{‘é% i un

yiie KT TR 1-»;/’1

I

B2 fF5mihmE
Fig. 2 Modulation and demodulation of the signal

11

DA, 7 R SIS R, Ot B B8 o
R A B 0. 5K, - L+ 1, EHIWHE R 0. 5K, -
L1, - sin(, +d,) JAWN 27 BT WAE S,

3 HBEEEANERREITHE

MR RS B A SRR T LU S, 5 0 LR X T
AR5 S R AR IR KM R B T A E S R
Gt AR ST s AR 7 HEIR A1, B 1 (R KGR S A ep 3%
FHE ) 5IERA AT R ah 4R th B HEBEH R 5. Bl
AAE R 50 Hz LT, BEfFAF ) ER 1 s, BRI R R 50
AR FER 1,087,

3.1 EREHEESRESH

PR RIRE , BG5S W 3 R, K
P/ MRZEL AN, I 28 A/D #1 D/A FHH B iR
2,5 55 B A DhRE AR .

Sensing 1
head

o] [oA]

Integral

Analog output

B3 fESnER
Fig. 3 Signal flow graph




154 %/ M R ¥ W

£30%

1) B/ A Z 5 e, XV BT Ampere 5E
Faraday R G800 R IR , 58 AE I 5 B 3 9 B Dt 41 ' [ AH
P25 B . d, =4 NVI

2) THH, ZH VW E KL Faraday HH5% ¢, F
KR R AR AR &, LA BT BRI P A IR BARRE o, =
/2 BB, 8RS 33X A SR A i 016 7E Dl e 5 Ak R
T T kA Z R0 6 TE B v 1% 5 A7 18 I 8] 26 18R
7,7 BRI,

3)EHEEERIA T . A T8N BRI 2 B o B B T
RS FENLAE A AR 284 58 BW K#92 4.5 MHz, B
1M HL B 80 7 B (] 8 /N T 7, AT DAER RS

4)A/D 3, IR LH R R
BVBCF B FEVL B 20 M OBHSPRY A/D,

5)BUTRRE . ZITIEET— G R T Bas g
SHRE AR N A S BIE B, R, 15
BMAGEE A E 2(b) i, —REFTHE R R
PN e A

6) BB IE, X3 T IR A (5 R UEAT R AR
5, R S RAE R EEN L — RN R R FE R R
BATEIE B IES A NAR R BHE ., FIn, &% 8 X
EIE, EMERR 8 B8], 18 45 3RAE b iRt @ B[Rl 4
*ﬁ\%%ﬁ?%l 1o

T)D/A e, BFRBIEZ D/A i o H K )
FELB S, T A A R S, DR B RO Rl AR R A
% dro

) Bl I Y . RAEK TR RED D/A Bk
a8 MRS AL B e 7 A TSRS R . R TR
D/ A B s 35k 50 Msps, I LUX — 375 1 A B a] 23R
Al LLZ B

ET U o0, BRAS T R RIS R SE4EIR T, F
EERGE 2.5.6 YA L, JF HLAERR AT ] - A5 %, AT
PUREE SHifE B IEER Ok B2 THIME 5403
REABSRPE 1S B R AR 7 SR TR AR IR BLURER R 4T
Bee e mBUm LI A
3.2 HMNESWEIHE

WIELL L 47, HEES RO e nt T, 2
B R LR B R A B [B] IE AR, U 2% IR TR GBS P A U
FEIFTE] ¢, — SR PRI IS E] ¢, , FER S TE 3595 38 ARUAY e 1)
JER 3, Mt

T, =t +t, +t, =7 +7+87 =107 (3)

HIRZRFEDLE AT B 7 =2. 06 ws, I R G pf [Rj 4k
FER T, =20.6 ps, & 50 Hz 2R AL, MY FEIA
HPIHER 6, =22.25',

X FHIEN R GRS AR (L SE R , W 5 B it
REBCAERREGTR . RIS REGS WRS, H
16 &I L BIEFR T8 8] FOCT bR E A 4 FiR, 48

PEICHRL2], 48 3L KT R s AR 22 R B K2 3%
ARATEEE S AR, SRR IR R R A A/D R B,
AR AU PR A58 n S5 A G K3 Rt o
D/ A 35 K FCAR Bl AL 03 23 s K4 ROk RBHEE H D/A
et B AR E R B AR S F R I s B

Y

Ak B kb K3 >
LK4J

K4 ARG
Fig. 4 Simplified system flowchart
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Fig.5 Schematic diagram of the phase delay experiment
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