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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC SENSORS -

Part 4-3: Electric current measurement —
Polarimetric method

FOREWORD

The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizatioh ce

mprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote\intefnational

co-operation on all questions concerning standardization in the electrical and electronic fields, To this
in addition to other activities, IEC publishes International Standards, Technical Specifications; Technical

end and
Reports,

Publ|cly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Rublication(s)|). Their

preppration is entrusted to technical committees; any IEC National Committee interested in'the subject d
may [participate in this preparatory work. International, governmental and non-governmental organization

ealt with
liaising

with [the IEC also participate in this preparation. IEC collaborates closely with the International Organizption for

Stanfardization (ISO) in accordance with conditions determined by agreement between the two organiz

The formal decisions or agreements of IEC on technical matters express, as(nearly as possible, an inte
consfensus of opinion on the relevant subjects since each technical cammittee has representation
interpsted IEC National Committees.

IEC [Publications have the form of recommendations for internationaluse and are accepted by IEC

htions.

national
from all

National

Committees in that sense. While all reasonable efforts are made\fo ensure that the technical content of IEC

Publ|cations is accurate, IEC cannot be held responsible fof\the way in which they are used or
misipterpretation by any end user.

for any

In ofder to promote international uniformity, IEC National,Committees undertake to apply IEC Publications

trangparently to the maximum extent possible in their national and regional publications. Any divergence

between

any |EC Publication and the corresponding national qr-régional publication shall be clearly indicated in the latter.

IEC |tself does not provide any attestation of caonformity. Independent certification bodies provide cgnformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any

services carried out by independent certification-bodies.

All upers should ensure that they have the(latest edition of this publication.

No lifability shall attach to IEC or its directors, employees, servants or agents including individual exp

erts and

mempbers of its technical committees'ahd IEC National Committees for any personal injury, property damage or
othef damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fdes) and

expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Pub

Attention is drawn to the Normative references cited in this publication. Use of the referenced public
indispensable for the carkect application of this publication.

Attenption is drawn toithe-possibility that some of the elements of this IEC Publication may be the subject
rightp. IEC shall not-be held responsible for identifying any or all such patent rights.

ications.

htions is

f patent

Interndtional Standard IEC 61757-4-3 has been prepared by subcommittee SC 86C: Fibre optic

systen|s and active devices, of IEC technical committee TC 86: Fibre optics.

e L - b [Er=Yh ! [ ! 4l FT : ! 4
The te LU TS THTCTTIatioriar otdiudiu 1S5 UastTU UTT LT TUTTUOWITTY UOCUTTITTITS.

CDV Report on voting
86C/1578/CDV 86C/1611/RVC

Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 61757 series, published under the general title Fibre optic sensors,
can be found on the IEC website.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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INTRODUCTION

Current measuring techniques are essential for controlling and diagnosing apparatus that
support industry and society. As current measuring devices, optical current sensors based on
magneto-optic effect have been developed. As these sensors enable advanced current
measurement free from the issues related to conventional current sensors bas
electromagnetic induction, they have been applied in various fields including power systems.

ed on

Given the expectations for the potential of this sensing technology, various kinds of optical
current sensors for various applications have been proposed by manufacturers. With this
background, there are many kinds (target current for measurement, configuration of sensor,

signal
applice
perforn

For prg
repres
on the
terms.
sensor
a set
charac]
on its g
the he
design

This d
and T¢

+ ol H tollat: ol £ ' ] 4 £
FIUUUOOIIIH LA~ RAYAY mrotanativll IIIULIIUU, Ul vpuoval CuUuTrerTiIt QUCTTOVUT O U1

hance and characteristics are carried out in each case.

moting the dissemination of optical current sensors, it is important te define the
bnting performance and functionality of the optical current sensor, whieh is manufa
basis of sensing technology. It is also important to make clear ‘how to evaluat
This makes it possible to design the sensor efficiently and properly and to tran

pplication, the performance is not defined quantitatively~in this document. Howev
p of this document, the quantitative measures of sensor performance will be def
ng the sensor itself in anticipation of its practicalapplication.

bcument is based on standard OITDA FS @4 published by the Optoelectronics In
chnology Development Association (OITRA).

arious

tions. When developing a new optical current sensor, the evaluation and-~design of

terms
ctured
e such
fer the

smoothly from a supplier to a user by settling these issues. Under these circumsfances,
of methods is summarized in this document for evaluating the performange and
teristics of optical current sensors. As the required performance for a sensor d¢pends

r, with
ned in

dustry
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FIBRE OPTIC SENSORS -

Part 4-3: Electric current measurement —
Polarimetric method

1 Scope

This partse C-64757defines—terminology—structure—and—a—characteristictest-method of an
opticallcurrent sensor using the polarimetric method. It addresses the current sensing element
only and not the additional devices that are unique to each application. Generic specifitations
for fibre optic sensors are defined in IEC 61757.

As the|specifications of optical polarimetric fibre current sensors required by each usgr vary
depending on the application, this document does not define the required-performance values.
The required performance values are defined when designing a sensonaccording to the gpecific
applicgtion.

2 Nadrmative references

The following documents are referred to in the text in suc¢h a way that some or all of their ¢ontent
constitptes requirements of this document. For dated references, only the edition cited ajpplies.
For umdated references, the latest edition of .the referenced document (including any
amendments) applies.

IEC 61[757, Fibre optic sensors — Generic specification

3 Tdrms and definitions

For the purposes of this document, the terms and definitions given in IEC 61757 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the fo[lowing
addresses:

e |EQ Electropedia: available at http://www.electropedia.org/
e |SQ Onikine browsing platform: available at http://www.iso.org/obp

3.1
current conducting coil

air-core coil made of lead wires that applies electric current, which is used to apply the equal
magnetic field generated by the current to be measured to an optical fibre or a bulk-form
Faraday element when conducting a characteristic test of optical current sensor

3.2

external magnetic field

magnetic field generated from anywhere other than the conductor where the current to be
measured is passing in an optical current sensor

3.3

Faraday effect

circular birefringence that is generated when an external magnetic field is imposed on a
substance


http://www.iso.org/obp
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Note 1 to entry: The Faraday effect is a kind of magneto-optical effect. "Magneto-optical effect" is a general term
that means the effect of a magnetic field on the optical characteristics of particles or crystal. In addition to the Faraday
effect, there are other magneto-optical effects such as the Zeeman effect, magnetic birefringence, magnetic circular
dichroism, the magnetic Kerr effect, and magneto-oscillatory absorption.

3.4
Faraday element
optical element for detecting Faraday effect

3.5
Faraday mirror
reflecting mirror that rotates the polarization angle by the Faraday effect

3.6
intensjty modulation method
method of converting the rotation of a polarization plane to light intensity and generating an
opticallsignal that corresponds to the current to be measured by passing light,first thrpbugh a
sensing element and then through a polarization separation element, in an optical ¢urrent
sensor

3.7
interfj’rometric method
method of generating an optical signal that corresponds to the Current to be measured by an
optical|current sensor by converting the left-handed and right~handed circularly polarized light
that pgssed through the Faraday element to the same palarization, then interfering with each
other tp convert the polarized light to the light intensity

3.8
maximum measurable current
maximpm measurable value of the current to\be*measured by an optical current sensor

3.9
maximum measurable frequency
maximpm measurable frequency of the current to be measured by an optical current sensor

3.10
minimpm measurable frequency
minimym measurable frequency of the current to be measured by an optical current sensor

3.1
operating tempeérature range
range ¢f temperatures within which an optical current sensor satisfies the defined performances

3.12
optical-etrrent-sensor
part, module, sub-assembly, assembly, or equipment that measures the electric current using
fibre optic technology

Note 1 to entry: Optical current sensors are commonly used with power supplies, user interface, and
electromagnetic shields, as shown in Figure 1. The output signal is arranged in a signal form required by the output
interface, and a signal is sent to an application system such as an oscilloscope or a control system. An optical current
sensor using the polarimetric method consists of the sensor part, optical transmission part, and signal processing
part (see Clause 4).
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Load
Electromagnetic shield

Optical current sensor

to be

o

utput signal

|Powersupp|y| | User I/F |

H Output I/F |—%| Application system

Key
I/F i

3.13

optica
part cg
optical

Note 1 t
part" fog

3.14

outer ¢
condugq
curren

3.15
rated ¢

terface

Figure 1 — Measurement system using optical current sensor

part
nsisting of lens, prism, mirror, and optical element, such’as a phase modulator
current sensor

b entry:  While the term "sensor part" focuses on the compongnt position (see Clause 4), the term
uses on the component materials.

tonductor
tor other than the conductor in which the current to be measured is passing in an
sensor

turrent

value of the current to be measured by an optical current sensor that is used as a ba

showin

3.16

g the performance in a'given test under defined conditions

required specifications

list of s

3.17
spun
optical

pecifications\an optical current sensor satisfies

ptical\fibre
fibrethat is manufactured by rotating a preform at high speed in the drawing pro

IEC

, in an

"optical

optical

sis for

Cess

3.18

transient characteristic
phenomenon of changing the current value that is output from an optical current sensor when
the current to be measured fluctuates from the defined current value in a short period of time

4 Components of optical current sensor using polarimetric method

4.1 General descriptions

Figure 2 shows the construction of an optical current sensor. For exposing each part to a
different environment, this document focuses on the position of each part and divides the sensor
into three parts.
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In the optical current sensor, a portion of a Faraday element that is adjacent to the conductor
and is affected by the Faraday effect is connected with a portion that houses a processing
circuit outputting a current calculation value via optical fibre, and each portion is exposed to a
different environment in general. In this case, while a portion in which the Faraday element is
arranged and exposed to the same environment is called a sensor part, a portion containing a
processing circuit for outputting the current calculation value is called the signal processing
part, and an optical fibre that connects the sensor part and the signal processing part is called
the optical transmission part. For the specific functions of each part, see Annex A.

NOTE The sensor part can have elements of controlling polarization and phase at the same time in addition to
Faraday elements. The signal processing part can have elements of controlling polarization and phase at the same
time in addition to a light source, a power supply, and a light detector.

For thg features expected of an optical current sensor, see Annex B. For design considerations
of an dptical current sensor, see Annex C.

Load
Optical current sensor

Sensor part

Curfent to be Signal processing part

Faraday element

measured
Light source
Current Light detector

source i -
Optical transmission part nal

Output sig

Signal processor
Power supply |

IEC
Figure 2 — Construction of optical current sensor

4.2 Classification of Faraday elements

The classification of Faraday elements is shown in Figure 3. As a method of propagating light
in a Faraday element, a wayeguide type element is used. This is an element having a waveguide
structufre for guiding light\*by providing difference in refractive index in a sensor.| While
candidptes for the waveguide type element include optical fibres and planar waveguides, only
the opfical fibre type is-currently put to practical use.

There |s also a'bulk type element that guides light into a sensor using a lens and mirror Without
utilizing a difference in refractive index. The element made of a nonmagnetic material ahd that
made pf a\ferromagnetic material are distinguished from each other based on the ejement
material\used.

Bulk type sensors use optical fibres for signal transmission, and the optical fibres themselves
are not Faraday elements.

This document is applicable to both waveguide element and bulk element sensors using optical
fibre technology.
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| Bulk type element

Optical fibre

Nonmagnetic material |

Ferromagnetic material |
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Figure 3 — Classification of Faraday elements
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5 Characteristictest

5.1 General information

Clauseg
light s

source

5 specifies a characteristic test method of the optical current sensor, Output pq
purce, described in 5.2, and input power of light detector, described'in 5.3, s
measufed at the beginning of a characteristics test to confirm normal{eperation of th
and optical part. The input-output (I/O) characteristics described\in 5.4 are the b
the tept. Subclause 5.5 describes the warm-up time, which often is not considg

converntional current sensors. In 5.6 through 5.8, definition of the dependency of param

wer of
hall be
e light
asis of
red in

ters is

made that is recommended for testing and the dependence on-€xternal environment in the test
method for each factor. Subclause 5.6 describes the current condition for obtaining each
parameter. The parameter list to be acquired is shown, in Table 1. For each pargmeter,
requirgment (R) or option (O) is shown. Measurement results are summarized in the inspection
report [see Annex E) and shown to the user.
Table 1 — List of parameters to be obtained
No. Parameters Requirement (R) or option (O)
1 |Qutput power of light source R
2 |Input power of light detector
3 [I/P characteristics
4 |Warm-up time
5 |Pprameter dependency [lnput parameter Frequency characteristic |R for type test
dependency - .
Transient characteristic R for type test
External environment (Steady state temperature [R for type test
dependency characteristic ) )
O in routine test for outdoor
use sensor
Transient temperature R for type test
characteristic )
O for routine test for ou{door

LS e-SensSor

External magnetic field (0]
Conductor position O
Vibration O

5.2 Output power of light source

Output power of the light source shall be measured in a routine test using one of the following

methods:

a) measure the output power of the light source by optical power meter;

b) measure the output signal of the optical power monitor.
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Figure 4 is an example of the optical power monitor. The light source is often provided with a
photodiode for the power monitor, which can be used. By amplifying the signal of the photodiode,
an output of optical power monitor is obtained.

Light source | Output signal of the
| optical power monitor

- —— /________\_.

Laser diode Monitor photodiode

IEC

Figure 4 — Example of an optical power monitor,

5.3 nput power of light detector

Input gower of the light detector shall be measured in a routine‘test using one of the fo[lowing
methods:

a) mefasure the input power of the light detector by optical power meter;

b) me@asure the output signal of the light detector.

For example, as shown in Figure 5, the output of the light detector can be amplified.

Light detector

Output signal of
the light detector

To main circuit

IEC

Figure 5 — Example of the amplifying circuit of a light detector

5.4 |/O.characteristics

5.4.1 General

I/0O characteristics are the most basic characteristics of optical current sensors. Figure 6 shows
the I/O characteristics of the optical current sensor. Ideally, the current to be measured and the
output instruction value are the same, but an error actually occurs. The error is classified into
the following three factors.

a) Noise

Unnecessary output. Particularly, the DC components are called offsets and should be
distinguished from noise. Some noises are correlated with the current to be measured, and
some noises are not. Therefore, they shall be acquired separately.
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b) Sensitivity change
A phenomenon of changing sensitivity that is the proportionality coefficient of the output
against the input.

c) Non-linearity
The phenomenon that the sensitivity changes, and the relationship between the output and
the input deviates from a straight line.

NOTE 1 When a ferromagnetic material is used as a Faraday element, nonlinearity due to magnetic saturation
appears.

NOTE 2 When a non-magnetic material is used as a Faraday element, no saturation phenomenon appears.
However, nonlinearity due to the signal processing method sometimes appears.

AN
\

\
\
|

-

L Nonlinearity

Output signal (root mean square)
Maximumsmeéasurable current

Rated current

4 Current{o)be measured (root mean square)
IEC

Figure 6 — I/0 characteristics of an optical current sensor
These |errors give the sensor output fluctuation as indicated by the dotted line in Figure |6.

Since the above error behaves differently against error factors defined in 5.8.1 and 5.8.p, etc.,
these ¢rrors shall be obtained\for noise, sensitivity change, and nonlinearity, respectively.

Generally, in the opticalccurrent sensor, when the current to be measured is larger than a gertain
value, fhe output saturfates, and the phenomenon of output decrease is seen, as shown in|Figure
6. The[manufacturer.of the optical current sensor specifies the maximum measurable gurrent
at a vglue that is2lower than the current at which the output signal no longer increasgs with

increaging curtent due to such saturation and defines said value in the specifications. The
manufactureralso determines the rated current as the upper limit of current measurement with
high agcuraey without being affected by saturation and defines it in the specifications.

Due to noise, sensitivity change and non-linearity, the actual sensor output varies between the
solid line and the broken line in Figure 6.

5.4.2 Test method

Table 2 shows test methods for grasping error components consisting of noise, sensitivity
change, and nonlinearity of the optical current sensor. The test shall be performed by a
waveform comparison method using a waveform recording device such as an oscilloscope.
However, when testing a nonlinearity of 1 % or less with an analogue output, and if sufficient
accuracy is not achieved in a waveform recording device such as an oscilloscope, the bridge
method can apply in addition to the waveform comparison one.
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Table 2 — Test method

Items

In the case of
digital output

In the case of
analogue output

General measurement

General measurement

High accuracy
measurement

Noise

Waveform comparison
method

Waveform comparison
method

NA @

Sensitivity change

Waveform comparison
method

Waveform comparison
method

Bridge method

Nonlinearity

Waveform comparison
method

Waveform comparison
method

Bridge method

2  Not

applicable.

Follow

AC briglge method.

a) Ws

Figure 7 shows an example of the test configuration of thecharacteristic test us

wa

staphdard for comparison. Figure 7 is an example using a%current transformer. The

me
me
log
shg
dat
ocd

other than the measuring frequency band of the waveform recording apparatus s

ins

d

ng are examples of test configurations using the waveform comparison’method §

veform comparison method

eform comparison method. A current transformer or a shunt resistor can be us¢q

hsured by the current transformer and the output of the optical current sens
hsured and recorded in a waveform recording device such as an oscilloscope or
per. The current transformer or shunt resistor{and the waveform recording apq
Il have sufficient accuracy in the test frequency band. Data shall be recorded as
p in order to calculate errors and phase difference in 5.4.4. To avoid aliasing
urring at the time of digitization, an anticalias filter that sufficiently attenuates

alled before the waveform recordingiapparatus.

nd the

ng the
das a
current
or are
a data
aratus
digital
errors
signals
hall be

b) AC

Load _
1 Optical current sensor
L |
A~ o~ T T 1
| Optical transmission part |
\
{ Signal processing part |
| \
urrent to be | }
measured ‘ |
\ .| | Output signal
‘ | Signal processor [ ] .
\ Sensor part !
Current e
yource Shunt resistor
\ Waveform recording device

Current transformer

IEC

Figure 7 — Measurement system of waveform comparison method

bridge method

In the case of a waveform recording apparatus such as an oscilloscope, if the accuracy is
insufficient, a null method should be used concurrently. Figure 8 shows an example of a test
configuration with an optical current sensor with analogue voltage output. A current
transformer or a shunt resistor can be used as a standard for comparison. An impedance
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used for balancing with the optical current sensor is a combination of a shunt resistor, a
variable resistor, and a variable capacitor. A sensitivity change of the optical current sensor
is obtained from the equilibrium point. As only sensitivity change and nonlinearity prescribed
in 5.4.1 can be obtained in this method, noise shall be acquired by the waveform comparison

me

(@)

5.4.3
5.4.3.1

thod as described in a).

Load ;
— Optical current sensor

Optical transmission part
Signal processing part

—————

irrent to be

|

|

/—_\\ / | ] Light source :
Sy :

|

\
\
\
\
[
\
\
\
‘L I R ] Voltmeter

Mmeasured .
Output signal
Sensor part
Curent -
source 1N
;\ Shunt resistor
\\ Variable capacitor

Current transformer . .
Variable resistor

Figure 8 — Measurement system of AC bridge method

Test procedure

In the case of AC or AC/DC.dual use

To understand the noise, sensitivity chhange, and nonlinearity described in 5.4.1, the wayeform

of the
curren

standard for comparison shall be compared with the output waveform of the [optical
sensor while changing the.current to be measured. This comparison is conducted at the

test current values listed below, where the current to be measured ranges from zero|to the

maxim

a) At
1)

b) At
1)

2)

Im measurable current.

yero current
Noise

The noisedintensity should be obtained at each frequency using a frequency ahalysis
(fast Faurier transform) function of an oscilloscope as much as possible. In partigular, it
is highly likely that the frequency component of the current to be measured and its
harmonics adversely affect the system.

he noise equivalent current and at approximately twice that value

Separate the noise into a component that is correlated with the current and into one that
is not correlated with the current.

In the case where the noise I, is included, the amplitude of the AC component of the
optical current sensor output /5 is expressed by Equation (1).

1

[O =1 noise (1)

signal +
where

Io is the amplitude of the AC component of the optical fibre current output;
Isignal 18 the value of the current to be measured;

Ioise is the noise.
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2) If I.ise is Not correlated with the current, which is the case when the noise I4ise

disappears in Equation (1) after a sufficiently long measurement time over which the
waveform is averaged, then Equation (1) becomes Equation (2).

IO = Isignal (2)
c) At several points between the current that are approximately twice the noise equivalent
current and the rated current.
This is for accurate measurement sensitivity change.
d) At several points between the rated current and the maximum measurable current.

ThigTsforaccurate measurement Ton=Hnearity-

In the waveform comparison method, the data acquired by the waveform recordifig'dgvice is
sinuso|dally approximated by the least squares method to find the amplitudeand phase.
Sinusolidal approximation is performed in Equation (3) for the current to be_measured|that is
measufed by the standard for comparison, and in Equation (4) for the optigal current sensor
output

ilzll Xsin(th+9|)+IDC| (3)
where
i is the current to be measured that is measured by standard for comparison;

=~

is the amplitude of the AC component of the current’to be measured;

Ipc) ip the DC component of the current to be measufed;

t is time;
10) is the angular frequency of the current to-be measured,;
0, i the phase of the current to be measured.
ig = IgX\8in(w % t + 0g) + Inco (4)
where
iog i the optical current sensor-output;
Ig is the amplitude of the AG'component of the optical current sensor output;

Inco i the DC component of the optical current sensor output;

t ig time;
10) is the angutarfrequency of the current to be measured (which is equal to the angylar
ffequency of optical current sensor);

0o i$ thephase of the optical current sensor output.

5.4.3.2—~ Inthe caseof DC use

To understand the noise, sensitivity change, and nonlinearity described in 5.4.1, the waveform
of the standard for comparison shall be compared with the output waveform of the optical
current sensor while changing the current to be measured. This comparison is conducted at the
current values listed below.
a) At zero current

Find the offset from the average value of the optical current sensor output at the zero current.

b) At several points between the current that are approximately twice the noise equivalent
current and the rated current

This is for accurate measurement sensitivity change.
c) At several points between the rated current and the maximum measurable current

This is for accurate measurement nonlinearity.
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5.4.4 Evaluation
5.4.41 In the case of AC or AC/DC dual use

The input/output characteristic test shall be performed by comparing the error, phase difference,
and noise of the optical current sensor output with the required specifications.
a) Error

Error should be expressed with a full-scale error defined in Equation (5). Other notation
methods may be used as necessary.

PSS fo-} (5)
Irs
where
egg| is full scale error;
I, is the amplitude of the AC component of the current to be measured;

I5 | is the amplitude of the AC component of the optical current sgnsor output;
Irg| is the maximum measurable current.

b) PhIse difference

The phase difference ¢ between the current to be measured and the optical current sensor
output is obtained by Equation (6), based on 05 and #j;\which are acquired by approximation

to Equations (1) and (2).
9= 0o =0, (6)
where

0o |is the phase of the optical fibre current output;
0, [is the phase of the current to be measured.

c) Noise

The effective value of the(optical current sensor output at zero current to be measpred is
defjned as the equivalent input noise.

The chlaracteristics of the/anti-alias filter used shall be specified in the test report.

5.4.4.2 In the'case of DC use

The input/output characteristic test shall be performed by comparing the error of the |optical
current sensor output with the required specifications.

Errors should be expressed with a full-scale error defined in Equation (7). Other notation
methods may be used as necessary.

Iopc —1
_ lopc ~1ipc (7)

eFS
Irs

where

egg s full-scale error;
Iipc is the average value of the current to be measured;
Iopc is the average value of the optical fibre current output;

Irg is the maximum measurable current.
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5.5

5.5.1

Warm-up time

General

—19 -

The optical current sensor does not satisfy the required characteristics until a certain period of
time has elapsed from the time when the power supply is turned on. For this reason, the warm-
up time is described in the required specifications of the optical current sensor that clearly
indicate that the required performance is not fulfilled until such time has elapsed.

5.5.2

Test method

With zero current and the rated current as the current to be measured, the power source of the

opticalrmmm—&mmmwmﬁeﬁWer the
warm-Ulip time has elapsed.

5.5.3 Evaluation
The warm-up time test is performed by comparing the error and the phase.ofthe optical ¢gurrent
sensorfoutput with the required specifications.
5.6 Current conditions for obtaining each parameter
Current conditions for obtaining each parameter are shown in Table 3.
Table 3 — Current conditions for obtaining each parameter
Items Characteristics | Optical current | Sensitivity and | Sensitivity and Subclguse
sensor output at | phase at rated phase at describirLg test
zero current current maximum methpd
measurable
current
Input pgrameter |Frequency NA-2 x b X 5.7/
dependéncy characteristic
Transient NA X X 5.7p
characteristic
Externa Steady state X X X 5.8/
environfent temperature
dependéncy characteristié,
Transient X X NA 5.8.p
temperature
characteristic
External magnetic X NA NA 5.8.8
field
Conductor X NA NA 5.8.4
position
Vibration X X NA 5.8.

2 NA indicates that implementation is not applicable.

b x indicates that implementation is recommended.
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5.7 Input parameter dependency
5.7.1 Frequency characteristic
5711 General

The frequency characteristic of the optical current sensor depends on each frequency
characteristic of the sensor part, the optical transmission part, and the signal processing part.
Since the sensitivity of the sensor part and the optical transmission part is constant from DC to
several tens of megahertz, the frequency characteristic of the optical current sensor mainly
comes from that of the signal processing part. In the case of using a filter for eliminating noise
and/or preventing a folding error generated at the time of sampling, the signal processing part

shows a frnqnnnr\\ll characteristic dnpnnr’ling onthe band of the filter

5.7.1.2 Test method

The signal processing part output is measured at frequencies of several points ortens of points
from the minimum measurable frequency to the maximum measurable, frequency uhder a
constant current to be measured. The value of current to be measured should basically be at
the rated current and the maximum measurable current. If rated\current or maximum
measufable current cannot be passed due to limitations of the testyequipment, the value of
curren} to be measured shall be specified on the test report.

5.7.1.3 Evaluation

The frgquency characteristic is evaluated by comparing the error and the phase of the|output
of the gignal processing part with the required specifications.

5.7.2 Transient characteristic
5.7.21 Purpose

The trgnsient characteristic of the optical current sensor defines the time it takes for the|output
of the [signal processing part to retufn to the steady state when the current to be mepsured
abruptly increases or decreases. As-a method of testing this characteristic, it is desirable|to use
a step response. As described.inn®.7.1, while the sensor part and the optical transmissipn part
have bands of several tens of\megahertz or more, the signal processing part uses a low-pass
filter apd, therefore, has awesponse delay depending on the band of the filter. For this reason,
transiejnt characteristics~shall be obtained. Performance parameters to be measured arg:

t, risg time;

.
tqy delpy time;

peak time;

setflingtime;

P, overshoot.
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5.7.2.2

Test method

The transient characteristic test has two methods: an AC dedicated method and a DC/AC dual

method

a) AC

. The transient characteristics in these methods are shown below.

dedicated method

Figure 9 shows transient characteristics of the AC dedicated system. When the step
waveform is input to the sensor part, the output of the signal processing part first rises
behind the step waveform, and eventually converges into zero. For this reason, the transient
characteristics shall be tested at the rising response time in the AC dedicated system and
the rise time, the delay time, the overshoot time, and the overshoot amount shall be
measured. The rise time is a time when the output of the signal processor changes from

10

b) DG
Fig
the

to

% to 90 % of the step wave, and the delay time Is the time when the output of the
processor changes from 0 % to 50 %.
S|
<
g
::; Output signal Current to be measured
Y
oF !
(7 D W A
1
50f-——-- 1 - |
[d |
——f - :
] s /. :
of, Ty Time
> - IEC
rise time
delay time
peak time
overshoot
Figure9 — Transient characteristics of AC dedicated system
/AC dual.faethod
ure 10-shows transient characteristics of the DC/AC system. In the DC/AC method
curfent to be measured can be measured from DC to AC, when a step waveform
he{sensor part, the signal processing part output rises behind the step wavefo

eventually converges 10 the same crest value as that O e siep wavertorm. ere

signal

, since
s input
m and
ore, in

the DC/AC system, the transient characteristics shall be tested with the rising response time
and the time to return to the steady state and the rise time, the delay time, the overshoot
time, the set time, and the overshoot amount shall be measured. The method of calculating

the

rise time and the delay time is the same as that of the AC dedicated method.
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t. |rise time

ty |delay time

t peak time

t. |settling time

P__ |overshoot

Figure 10 — Transient characteristics of DC/AC system

5.7.2.3 Evaluation
The trgnsient characteristics of the optical current sensor are evaluated by comparing the rise

time, delay time, peak time, settling time,cand overshoot amount of the signal processing part
outputfagainst the step waveform inputto*the sensor part with required specifications.

5.8 External environment dependency
5.8.1 Steady state temperature characteristic test
5.8.1.1 Purpose

To evdluate the performance of the optical current sensor within the operating tempégrature
range,|a steady state temperature characteristic test shall be performed.

5.8.1.2 Parts to be tested

If the temperature changes significantly due to the environment of the signal processing part
and the sensor part, the temperature characteristics of both shall be tested separately.

a) Sensor part

The rotation angle of the polarization plane due to Faraday effect depends on the strength
of the magnetic field and the Verdet constant. Since the Verdet constant is temperature-
dependent, a test is carried out to confirm that the required specifications are satisfied within
the operating temperature range. There are some cases where the influence of the
temperature dependence of the optical element included in the optical part is too large to
be ignored compared with the output.
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b)

c)

5.8.1.3 Test configuration

Optical transmission part

The test is carried out if the temperature characteristic in the optical transmission part can
affect the required specifications of the optical current sensor. For example, when
polarization-maintaining fibres are applied to the optical transmission part, there is a
concern that the polarization crosstalk increases under high-temperature and/or low-
temperature environments, thereby affecting the performance of the optical current sensor.
It is desirable that the length of the optical transmission part be set at the assumed maximum
distance at the time of practical use.

Signal processing part

The performance of electric/electronic parts that constitute a circuit has temperature
dependency. It is also known that the light source has temperature dependence on light
output and wavelength, and the light detector has dependence on dark current and
ser]sitivity. Since thermal noise increases as temperature increases, attention shall-be paid
to noise increase, especially under a high-temperature environment.

Figure|11 shows a configuration example of the steady state temperature characteristic test
and the transient temperature characteristic test of the sensor part. Requirements for test

equipment and conditions are as follows.

a)

c)

Teperature chamber

The temperature chamber has an inner dimension that'can house the test object in an
installed state. When testing each sensor part, the opfical transmission part or the| signal
processing part, the chamber shall have a cable hole’ for passing the optical transmission
pant and the conductor.

Test current

The sensor part and the optical transmission part are operated at the rated currept. The
sighal processing part is operated at therated current and zero current. If the rated gurrent
carlnot be supplied to the conductor-due to test constraints, a magnetic field equivglent to
the| rated current is equivalently applied to the test object using an energizing cojl, or a
curfrent sufficiently larger than the-equivalent noise input is passed to the energizinfg coil.
Sinjgle frequency applies, which-is determined within the test frequency band specjfied in
the| specifications. The test\current value, the number of energized coil turns, anpd test
frequency shall be specified“in the test report.

Cufrent source
It ig desirable to uSea constant current power supply.
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Figure 11 — Configuration example of steady state temperature characteristiq
test and transient temperature characteristic test of sensor part

Test method

5t temperature shall be at any one point betweef 15 °C and 35 °C, the upper lin
mit of the operating temperature.

bdding the test temperature or determining temperature change rate, it is desir
onsultation between a manufacturer and*a user for negotiation. A temperature ¢
1 °C/min or less is desirable. The temperature shall be kept constant for longer th

ime constant of the test object béfore performing the measurements. Figure 12

1Int
an example of temperature profile.
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able to
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any point between 15 °C and 35 °C

pper limit of operating temperature range

lower limit of operating temperature range

Figure 12 — Example of temperature profile
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5.8.1.5 Evaluation

Evaluation of the steady state temperature characteristic is performed by measuring the error
and the phase difference of the optical current sensor output in the operating temperature range,
and comparing the result with the required specifications.

5.8.2 Transient temperature characteristic test
5.8.2.1 General

Under circumstances where the ambient temperature of the sensor part changes, the
temperature distribution of the parts constituting the sensor part becomes non-uniform. As a
result, the—potarizedtightTs—mftuenced by photoetasticity, etcthat feads—tothe—attermgtion of
opticall current sensor output, and measurement errors can occur. In addition)] when
supplementing the temperature characteristics of the optical element and the electronic] circuit
by setfing a temperature sensor for adjustment, there is a concern that a difference [occurs
betwegn the temperature measurement point and the optical element/electronic’circuit,|as the
latter gart is actually affected by the temperature. In the case where the optical current sensor
is used in an environment where the temperature changes, it is insuffieient to only test the
temperature characteristic with a wuniform temperature distribution. Rather, dynamic
tempelfature characteristics shall be tested.

5.8.2.2 Parts to be tested

In the|case where the environmental temperature of the signal processing part, the light
transmijission part and the sensor part changes too.‘much to be ignored, these transient
temperature characteristics shall be separately measured.

a) Sepsor part

The sensor part that is interlinked with the' energizing coil is placed in the tempe¢rature
chgmber. Then, the rate of temperature change that corresponds to the actupl use
enyironment is controlled, and the change in the optical current sensor output is megsured.

When temperature changes in (the sensor portion, as shown in Figure 13 a), the
birgfringence g can sharply increase, as shown in Figure 13 b), and the measurement error
car] become higher than in thé.case of steady state of birefringence.

(0]
§ A
o
[0}
Q.
1S
Q
Time
IEC
a) Temperature change
A
C
©
2
S
[0
. /\
Time

IEC

b) Birefringence change

Figure 13 — Birefringence change during temperature change
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Light transmission part

This part is tested if a polarization-maintaining optical fibre or a spun optical fibre is used
for the optical transmission part.

Signal processing part

This part is tested if it includes an adjustment function against environmental temperature
change.

5.8.2.3 Test configuration

Figure 11 shows a configuration example of the steady state temperature characteristic test
and the transient temperature characteristic test of the sensor part. Requirements for test

equipment and conditions are as Tollows.

a)

b)

c)

5.8.2.4 Test method

The tegt is performed at the upper and lower limits of the operating temperature range.

Teperature chamber

The¢ temperature chamber has an inner dimension that can house the tést-objeci in an
installed state. In particular, when a steep temperature change is required; it should use a
twg-bath type thermal shock test apparatus, but a single-tank type’\thermal shogk test
apparatus may be acceptable if a sufficient temperature change is.obtained. When festing
eagh of the sensor parts, the optical transmission part or the signal processing part, the
chgmber shall have a cable hole for passing the light transmissjen‘section and the conductor.

Test current

The sensor part and the optical transmission part are operated at the rated current. The
sighal processing part is operated at the rated currentiand zero current. If the rated ¢urrent
carlnot be supplied to the conductor due to test constraints, a magnetic field equivglent to
the| rated current is equivalently applied to thetest object using an energizing cojl, or a
curfent sufficiently larger than the equivalent(noise input is passed to the energizigg coil.
Sinjgle frequency applies, which is determined ‘within the test frequency band specjfied in
the| specifications. The test current value{the number of energized coil turns, and test
frequency shall be specified in the test report.

Cufrrent source

It i§ desirable to use a constant edrrent power supply.

The tepnperature changerate shall be higher than that assumed under the actual condit|on.

The tegt temperature shall be the following four points. Additional test temperature, if any, shall

be det¢rmined with negotiation between a manufacturer and a user.

a)

Frgm¢any one point between 15 °C and 35 °C, to the upper limit of the operating tempegrature
ranige

From any one point between 15 °C and 35 °C, to the lower limit of the operating temperature
range.

From the upper limit of the operating temperature range, to any one point between 15 °C
and 35 °C.

From the lower limit of the operating temperature range, to any point between 15 °C and
35 °C.

The test temperature shall be maintained at a certain level during a certain period to keep a
stable temperature at the temperature chamber before and after the temperature change. The
output of the optical current sensor is continuously measured from a time when the temperature
of the test object completely becomes stable before the temperature change, to a time when
the temperature of the test object completely becomes stable after the temperature change.
Figure 14 shows an example of temperature programme.
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Figure 14 — Example of temperature pregramme

5.8.2.5 Evaluation

Evaluation shall be made by measuring the error and_phase difference of the output v

the op
compa

5.8.3
5.8.3.1

Fing the result with the required specifications’.

External magnetic field test

Purpose

the cufrent to be measured passing through the conductor, the influence of the e

alue of

ical current sensor at the temperature change.in the operating temperature rande, and

xternal

Since khe optical current sensor megasures the current through the magnetic field genergted by

magne|

is inco
to the

ic field should be considered. Especially when the closed loop of the Faraday e
mplete and when the birefringence of the sensor optical fibre is not uniform, an er
nfluence of the extethal magnetic field occurs. The most common cause of the e

lement
or due
xternal

magnetic field is a ,aearby energizing conductor. Particularly, the closer the enefgizing
condugtor is placed,at-the boundary between the Faraday element of the sensor part gnd the

optical
to find
closed

The th

transmissionspart, the more errors are seen. For this reason, a test shall be con

loop uhder the condition that no current to be measured flows.

gory” for estimating the influence of the external magnetic field of the optical

ducted

the influetice of the external magnetic field by passing the current to the outsidg of the

current

sensor is described in Annex D.

5.8.3.2 Test method

Figure 15 shows the position of the outer conductor in the external magnetic field test in the
case where the Faraday element is an optical fibre. For recording the position of the conductor
during the test, the optical current sensor displays the reference point of the angle measurement.
An external conductor is placed outside of the closed loop of the sensor optical fibre, and the
optical current sensor output is measured. The following measurement values shall be written
in the test report:

a) the distance (r) between the centre (x) of the closed loop and the outer conductor;

b) the angle (9) between the straight line connecting the centre of the closed loop to the
rotation reference mark and the outer conductor position;

c) the current value passing through the outer conductor.
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6 is measured at four points in every 90°.

Outer conductor

(4 places) Mirror

Reference mark

5.8.3.3

IEC

Figure 15 — Position of the outer conductor in“the external
magnetic field test when the Faraday element is an optical fibre

Evaluation

The influence of the external magnetic field of the<optical current sensor shall be evalug
measufing the optical current sensor output without passing the current to be measurg

compa

5.8.4
5.8.4.1

The co

can depend on a relative position of the optical current sensor against a conductor.

5.8.4.2

Unless|
of curr
condud
Figure
the Fa

ing the result with the required specifications.

Conductor position test
Purpose

nductor position test is(conducted since the current output of the optical current

Test method

otherwise-specified, the basic position of the conductor is the centre of the close
bnt detection optical fibre. Depending on the application, the effect in the case t
tor issnot positioned at the centre of the closed loop should also be tested, if re
16, shows the position of the conductor in the conductor position test in the case

aday element is an optical fibre. For recording the position of the conductor dur

test, t

e optical current sensor displays the reference point or the angle measuremer

ted by
d, and

sensor

d loop

hat the
quired.

where
ng the
t. The

conductor is placed inside of the closed loop of the sensor optical fibre. The following
measurement values shall be written in the test report:

a) the

distance (r) from the centre (X) of the closed loop to the conductor;

b) the angle (#) between the line connecting the rotation reference mark to the centre of the
closed loop, and the conductor position;

c) the

current value passing through the conductor.

0 is measured at four points in every 90°.
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Figure 16 — Position of the conductor in the conductor
position test when the Faraday element is an optical fibre

5.8.4.3 Evaluation

The influence of the conductor position shall be evaluate€d by measuring the optical gurrent
sensor| output against the current to be measured, and eomparing the result with the rgquired
specifications.

5.8.5 Vibration test
5.8.5.1 Purpose

The vibpration test should be conducted, because vibration occurs on an optical current gensor.

5.8.5.2 Test method
The tept is performed by measuring a change in output of the optical current sensof when
vibratign is applied to thexsensor part, the optical transmission part, and the signal prodessing

part. The vibration test'conditions are set considering the actual use environment. The ¢urrent
to be measured is the-rated current and zero current.

The vilbration applying method for each part should be as follows.

a) Sepsor part

° Imlnam‘ test

e Shakers test

b) Optical transmission part
e Impact test

c) Signal processing part
e Impact test

e Shakers test
5.8.5.3 Evaluation

The vibration test is evaluated by measuring the error of the optical current sensor output at
the time when the vibration is applied and comparing the result with the required specifications.
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Annex A
(informative)

Principle of optical current sensor

A.1 Outline

Annex A describes the Faraday effect, which is the principle of current detection, and how
current is detected using the Faraday effect.

A.2 |Faraday effect

When light pass