Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(6):615-622

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Special display instrument for fiber current transducer
Zhigang Di", Chunrong Jia and Jingxuan Zhang

College of Electrical Engineering, Hebei United University, Tangshan Hebei, China

ABSTRACT

The current transducer is the important measurement in power system, it plays more and more significant role in
power system analysis, relay protection and current measurement. With the improvement of transmission capacity of
power system, traditional electromagnetic current transducer exposed more and more defects, and it is difficult for
traditional electromagnetic current transducer to meet requirement of power automatic and digital development.
Recent years, with the development of optoelectronic technology, fiber current transducer emerged and received
extensive attention of researchers at home and abroad, and the research of fiber current transducer has been
significant research area. More important, display instrument of fiber current transducer is the difficulty to solve.
The special display instrument was proposed in this paper. First, the effective value chip was utilized to sample
alternating signal and output effective value. Second, single chip computer and signal process technology were
utilized in this instrument, single chip computer be in charge of algorithm computing and data display processing.
By numeral simulation and experiment, the error of designed special display instrument was 0.04%. So this
instrument can meet the requirement of 0.2 level National Standard, it is suitable for fiber current transducer to
measure small current.
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INTRODUCTION

Since the Faraday Effect and Pockels Effect weseodiered, soon after optical theory was proposetidasure
high voltage and current, but because of the teahrgonstraints, this research was limited to imimgj and
experiment. Until 1970s, with the development omm®nductor integrated circuit technology, optiddder
transmission and sensor technology, optic fibersacer emerged. In 1980s, the application resexroptic fiber
sensor technology in power system has made mamkthreughs[1]. Lots of optics voltage transducedt anrrent
transducer prototype have been developed in USpan]aFrance and the former Soviet Union, and theyew
carried on preliminary operation in the high-vollagower supply station[2]. In 1988, “the fiber-@psensor”
conference was convoked by IEEE Institute in Newe&nrs of United States, many experts and schalars &ll
over the world reported on their latest researcbptits voltage transducer and current transdficam then on, the
fiber transducer developed from the laboratoryniustrial site, and started to enter the developiagod. Fiber
transducer has unique advantage of simple configurasmall volume, light weight and so on[3]. $ésideemed to
the ideal succedaneum for electromagnetism cutransducer. Display instrument is the most impdrizart of
fiber transducer, and it will influence the accyrad fiber transducer. As a result, a special digphstrument for
fiber current transducer was proposed on the bissiagle chip computer and signal process.

The fiber current transducer adopts Rogowski ceisensing component. First, the Rogowski coil cistpoltage
signal which is proportional to the measured busharent. Second, the voltage signal is processedignal
process system, and is converted to optical signd&OC. The optical signal is transmitted to lowtage side by
fiber, and is converted to electric signal by OH®@ird, the electric signal is divided two path, aagrocessed by
signal process system then is observed by osdifdgrthe other is processed by SCM and is displayespecial
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instrument. The system chart is shown in figure 1.
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Fig.1: Diagram of fiber current transducer

In this transducer, ADC was utilized in high vokagide, DAC was utilized in low voltage side. Thanirolling
time-series circuit must be adopted in high voltagle to keep ADC and DAC working synchronouslye Thain
advantage of this fiber current transducer is #ygiropriate ADC can meet the accuracy requiremésystem

because ADC has high accuracy.

The display instrument is the most important pauftber current transducer, the main function @pthy instrument
is to sample alternating voltage signal from thev lgoltage side, then display the voltage effectixadue

corresponding to measured current.
EXPERIMENTAL SECTION

Supposing v(t) is periodic alternating signal, This period, the effective value can be defined as

1,7
Vs = |7 [ Vi@t

Vv(t) can be expressed as the sum of each harmonipanent

v(t) = a, coskat +4,)

which @), = 2T_n is fundamental wave angular frequency.
VA(t) = Y a2 [GoS (kayt +4,) + > [a,a, Cos (magt +4,) cost +4,)]

which m# n, and
1, cosekay +24,)
2 2

cog (kegt + ¢,) =

cosfneat +4,,)cosheat +,) = S coslm+ naat + ¢, + 4,1+ coslm-n)eat + 4, 4]

Take formula (1)~(5) into (1), the true RMS of maic function can be defined

VRMS =

which g is the modulus of each harmonic component.
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As for digital measurement system, the effectivieeaf periodic function can be defined as

()

which x,(K) is the sampling value of alternating signak@t time, T; is the period of sampling, m is the ordinal
number of sampling value, k is the sampling nunibven periodic wave. N is the sample frequency ie period of
alternating signal. As long as; Theets Nyquist sampling theorem, VRMS is the trffecéve value of measured
alternating signal. When formula (7) is utilizeddmmpute effective value sEhould meet the following condition

LT=T (8)
which T is the period of alternating signal, Liigeger, namely that T must be integer multiple of T

For the sinusoidal signal, according to formula {fg formal sampling procedure is shown in fig2i).
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Fig.2: Formal sampling procedure for sinusoidal signal

In figure 2, N is the sampling points in one periGknerally, N is utilized to recover the periodgasured signal.
Supposed alternating signal is v(t), T is the pkrap the frequency f =T Sampling frequency, should meet the
requirement thatff is integer, in one period sampling points N @# tan ensure sampling period is integer,
sampling interval T= T/N.

The sampling points of measured alternating sigmaie shown in figure 3.
x (1) x,(2)

x,(1) X4 (1)

Fig.3: Sampling points of measured alter nating signal
which R, Pn.1 1S zero crossing point from negative to positive.

According to figure 3, formula (7) can be modifiasl
— Xﬁ](l)zm+xri(2)++xri(Nm)
VRMS -

Nm -1+ Zm S/ (9)
Mo =1 X (N ) /(X @D+ 1%, (N ) D) (10)
T = X0 @106, W% 1,1 (N, ) ) a
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Ts is the time interval from xK) to x,(k+1), k = 1, 2,...... » N-1, ZmTSis the time interval from 1) to R,

N Tis the time interval from XNy) to P 0, <1, 0<p, <1, {,, +7,, Z1. In this way, T may not
meet Nyquist sampling theorem, so the time intebediveen the first sampling point(€) of m wave and Ris not
0, but Zst. The last sampling pointN,,) and the last point of m wave is the zero crosgioigt from negative

to positive, so the time interval between the samgppoint %,(Ny) and R.. is not 0, but/), T,. Obviously, if

Zm =0, 7, =0, then %.1(1) = 0, %,(1) = 0, and the formula (9) is the same as (# stmpling system can meet

NY Quist sampling theorem again. The curve shapalteinating signal crossing zero points from niegato
positive was shown is figure 4.

x (1)
x, (1)

/,\-,,,, (N—))

Fig. 4: The curve of alternating signal

From figure 4, the curve neay, 5 approximate as line. In fact, if x = 0, then
tan(x) = x

SIN(X) = X (12)

If x deviates from zero point, but very close toapoint, formula (12) still comes to existenceddhe sine curve
can be approximated to be line. As a result, aptiet of R,

Zm/nm—l = Xm—l (1) /|Xm—1(Nm—1)|

Also because

(o H =1
o)
T = X 0,0 + K2 (N, ) .
Mina = e (N /% (@) + X (N
Same argument, at the point ¢f.P
C = X 1%, @ +x,(N,.)]) "

M = X (NG /(X @) +[ % (N

Formula (13) and (14) is another form of (10) ahd) (respectively, but take care that the samplioigtp of each
period may be different, namely Nm-1 may be difféfieom N,,.

Further improved sampling method was shown in fgaur
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Fig.5: Further improved sampling method

Figure 5 was generated according to the absolutee\af original alternating sinusoidal signal. Bgngpling on
absolute value, as long as sampling density is @mozfm can be applief,, universally, and sampling period is
not necessary to be integral multiple of signaésiqu, but half signal's period. As a result, btth computing
process is simplified and the accuracy of effectraéue is not influenced, anafm:ﬂm, so formlua (9) can be
simplified as

V.. = Jxria)zm+xni<2>+~'+xsq<wm>
s Nm -1+ Zm /e (15)

In paper, the effective value of alternating sigwak achieved by hardware, and mainly RMS convé&i¥#36 was
utilized to achieve effective value. Sinusoidalnsiwas input to AD736, then the effective valueresponding to
sinusoidal signal was input AD converter, finallgi8 was utilized to process corresponding digitghai and to be
displayed on digital pipe.

The basic thought of software design was showigasef 6.

analog ADC ]
signal J\ data ¥| ‘CPU y| display
inout [V | sampling

Fig. 6: Chart of basic thought of software design

The rule of data process in CPU is described &vsl

First, the software must be as far as simple plesgib improve the data process efficiency of CPud éhe
maximum of ADC sampling points is 400 in half perioecause the frequency of input signal is 50 kiz process
speed of effective value chip is 40 kHz.

Second, Zm is not computed as formula (13) but can be regdlahanually in the procedure of simulation to

ensure thatZm is in reasonable range. As a result, the requinérokalgorithm can be satisfied, and the system
accuracy can be ensured.

Third, the definition of starting point and ignopeint. In the procedure of SCM analyzing samplead#tthe
sampled value is less than threshold value, thisrefffective sampling points near zero, namelytisig point. Then
the following sampling points will not be processedmmonly more than 5 points. These data weraé@fignore
points, which were set to avoid sampling successtagting points. After the ignore points the samplpoints
continue to be processed, until another startinigtpemerges, the half sampling period is over. Théactive
values can be computed as formula (15), and theevalll be displayed in digital pipe. The softwdlew pattern
was shown in figure 7.
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Fig.7: The softwar e flow pattern

The basic thought of hardware design was showigurd 8.

analog | | B L A | A B

sine step-down iy step-up— \|ADC _ digital
signal process process process process = pipe
input

Fig.8: Chart of basic thought of hardware design

First, the analog sine signal was processed byddam process to ensure reasonable range so assaniipled by
RMS chip. Second, the RMS value was step-up predessinput ADC chip. Third, the digital signal wamcessed
by SCM. Finally, the RMS value was displayed oritdigipe.

Based on the design thought above, the hardwatemsywas proposed. The hardware system was comrstibyt
true RMS unit, operational amplifier unit, ADC yrB8CM system unit, latch and digital pipe.

The operational principle of circuit was descritzexifollowing. First, the analog voltage correspagdio measured
current was input to true RMS unit to achieve dff@cvalue corresponding to analog voltage. Sectimaeffective
value was amplified by operational amplifier unit &s to be processed later. Third, the amplifiddctfe value
was input to ADC unit to achieve correspondingtdigsignal. Finally, the digital signal was inpat$CM system to
be processed, then was input to latch to drivetaligiipe, and was displayed on digital pipe. Aseauit, the
destination of displaying measured current in tiéa¢ and linearly was realized.

RESULTSAND DISCUSSION

In order to ensure the practicability of designéspldy instrument, the simulation was carried onPogteus, the
simulation result was shown in figure 9.
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Fig.9 The simulation result of designed instrument
As for this simulation, the maximum of input sinigad voltage is 10 V. According to formula (1), tteeoretical
effective value should be 7.07 V. The simulationgass last 20 minutes and the results were reay eviaute,
which was shown in table 1.

Tab. 1 The simulation result of instrument

Time(Min) 1 2 3 4 5 6 7 8 9 10
Data(V) 7.066| 7.068§ 7.070 7.041 7.066 7.065 7.06707Z| 7.071| 7.07Q
Time(Min) 11 12 13 14 15 16 17 18 19 2(
data(V) 7.068 7.069 7.066 7.041 7.0yl 7.970 7.p710697| 7.069| 7.06§

From figure 9 and table 1, the designed displayrunsent was feasible, output voltage was very stahd the
error could be controlled less than 0.04%.

On the base of simulation result, the experimerg varried on also. The whole experiment systemagastitute

by sensor head Rogowski coil[6], signal processesy], display instrument and power supply sysianhigh
voltage section. In the experiment of this syst#y,P-4 stabilized voltage supply was adopted asecirsupply,
DLB-1B 0.1 level high precise ampere meter, 0.ldEITHLEY2000 MULTIMETER digital multi-meter, and
HG1841 power frequency phase meter to test acaprtbinthe test points prescribed by GB1208-1997. The
experiment results were shown in table 2.

Tab.2 The experiment results of instrument

I(A) 0.25 1 3.0 5.0 6.0 100
Ex(mV) 25 100 300 500 600 500
Ep(mV) | 24.81| 99.35| 298.3§ 498.85 601.52 501{80

E% -0.76 | -0.65| -0.54 -0.23 0.25 0.34

Notes: Uo is output voltage of Rogowski coil; B theoretical output voltageyHs actual output voltage
From the result, this system meets the requireimed level.

CONCLUSION
This paper elaborated the display instrument foerficurrent transducer. In order to improve thdgoerance, the
designed display instrument adopted true RMS chimchieve effective value of power frequency simledo
voltage, then utilized SCM to process the digitghal corresponding to input signal, and the effecvalue was

displayed on digital pipe. From the simulation tesand experiment results, the error could berodlet less than
0.1%, so the designed display instrument was faaitid could meet the requirement of 0.2 level.
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