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Abstract: An Optical Current Transformer (OCT) with dual polarimetric configuration is evaluated using a
magneto-sensitive glass SF-59 of 0.4 and 1.3 cm lengths located into an air gapped TCT iron core. Using a 5 mW
He-Ne laser light source at 632.8 nm, the maximum current measured is nearly 2800 A with maximum error of
0.6 % and 1 % for the two sensors lengths 0.4 and 1.3 cm, respectively. The results have been experimentally
limited the maximum output of Variac. The simulation of the electronic circuit of the current transducer is
introduced and the results indicated the reliability and accuracy of using the OCT in measurement and protection.
Copyright © 2016 IFSA Publishing, S. L.
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1. Introduction
Due to the recent demand of power consumption
and expansions of electric power system network, a
great number of protection zones become exist
requiring intelligent system. Current sensors are
important devices as they are not only give the
accurate power consumption but also used for the fast
detection and identification of failures points in power
systems. However, Traditional Current Transformers
(TCT) have enormous limitations due to their
saturation problems, huge size and weight, high
insulation cost as well the sensitivity to
electromagnetic interference (EMI) [1].
Recently, optoelectronic technology is one of the
evolved solutions of TCT problems by converting the
TCT output voltage into a corresponding frequency
modulated optical signal. This signal is not influenced
by EMI and is congruous with intelligent network of
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current measurement and protection. However, this
technology could not overcome the iron core
saturation [2]. The development of the measurement
circuit of Rogowski coil sensor which does not involve
iron core, for high current measurement is still in
progress [3]. On the other hand, magneto-optic sensing
method provided an alternate solution for solving the
TCT problems [4]. It consumes less power as
compared to the traditional Dc Hall Effect sensor used
in plants such as Aluminum factories [5]. OCT can be
integrated with fiber-optic based Ethernet local area
networks. Besides, replacing the traditional solution
which digitizes the TCT output for relays, meters, and
SCADA systems [6].
The effect of the magnetic field on the transmission
of light through certain transparent optical material
was first observed by Michael Faraday in 1845 [7]. He
noticed that, when the transmitted linearly polarized
light is subjected to a magnetic field B in the direction
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of propagation, the plane of polarization rotates. Based
on this effect, optical current sensors were developed
into mainly two types; bulk glass sensors and fiber
optical sensors. In bulk sensors, an optical material
sensitive to the magnetic field is positioned parallel to
the lines of magnetic field induced by a conductor
carrying the current to be sensed. This sensor has the
advantages of small size, low cost, weak influence of
the environmental conditions such as temperature,
pressure and other noises and high sensitivity to
magnetic field. The sensitivity of the sensor is directly
proportional to the length of the material subjected to
the magnetic field. To increase its sensitivity, the
sensor was designed to surround the conductor. The
geometrical structure promotes the propagation of
light parallel to the magnetic field lines. It can be either
rectangular or triangular and sometimes circular [7-9].
In this case, the sensitivity is based on the sensor
structure and/or the multiple path of light within the
optical material [10].
While in optical fiber sensors, the bulk glass is
replaced by an optical fiber with a large number of
turns around the conductor in analogy with TCT where
the magnetic field cut a number of turns wound around
its core. The closed circular optical path of light within
the optical fiber provides the immunity from
electromagnetic interference. However, its high linear
birefringence increases the influence of the
environmental conditions on the sensor performance,
and its Verdet constant is less than the bulk glass [7].
An alternative technique is to utilize a small bulk
sensor which does not surround the conductor while
compensating the reduced sensor length by using a
material with a high Verdet constant [11-13] and a
concentrator core to increase the magnetic
field [14-16].
In this work, an evaluation of a dual quadrature
Polarimetric sensitive optical current sensor inserted
into a gapped iron core is carried out. In Section 2, the
design of the optical current sensor (OCS) in a gapped
iron core will be introduced. The proposed electronic
circuit of the OCT will be presented in Section 3. The
simulation of the electronic Circuit and optical sensor
experimental results are introduced in Section 4 and
will be concluded in Section 5.

2. OCS System Design
2.1. Optical Current Sensor
The Schematic diagram and equivalent
circuit of optical sensor are shown in Fig. 1. The
system consists of a Toroid core with an air gap which
causes a magnetic drop in the magnetic circuit. In the
equivalent circuit, the core and the gap are represented
and
, respectively [17].
by
According to Ampere's circuital law, the Ampereturns Ni is given by:
,

(1)

(a)

(b)

Fig. 1. (a) Toroid core with an air gap and (b) its electric
representation circuit.

,

(2)

where ϕi is the flux, li is the mean length, Ai is the
cross section area where the flux pass through, and μi
is the permeability. And the subscript i (= c and g)
represents the core and the gap, respectively. The air
gap permeability μg nearly equals the free space
permeability μ
4π10 T. m/A . For the core
permeability μc μ0 μcr , where μcr is the relative
permeability of the core. By neglecting the flux lines
that are diffused outside the common area of the core
and the air gap, then Ac Ag A. Considering core
flux ϕc and the gap flux ϕg are equal, the Ampereturns becomes
(3)
The magnetic flux density becomes:
1
(4)

2.2. Polarimetric Detection OCS Setup [9-10]
A dual Polarimetric schematic setup [17-18] is
presented in Fig. 2. It consists from a He-Ne laser
source (5 mW, 632.8 nm), a polarizer, polarizing
beam splitter (PBS) and two photo detectors connected
to an oscilloscope. The Toroid iron core with an
appropriate number of turns is used to generate a
magnetic flux corresponding to that the flux resulting
from the power line conductor current.
The rotation in the polarization plane depends on
the intensity of magnetic field B , the length of
interacting material d , and the Verdet constant V,
representing the medium sensitivity to magnetic field,
through the following relation [7].
(5)
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Fig. 2. The Dual quadrature Polarimetric schematic setup.

1
2

2

(8)

The two optical detectors convert the optical signal
into electrical signal where the subtraction and
addition are executed electronically. By dividing the
two components (subtraction and addition) by an
electronic divider, the resulting signal is proportional
to the applied current. The division of these
components also removes the effect of the light power
fluctuation [9]. The output signal of the electronic
divider becomes:

Through Mauls’s law, the output from the PBS
( Po is given by
P0=P1cos2(φ),

(6)

where φ is the angle between transmission axes of the
polarizer and the PBS, P1 is the power transmitted
from the polarizer. The sensor sensitivity is optimized
by adjusting the polarizer transmission angle to
45 degree with respect to the PBS. In the absence of
the magnetic field (i.e. no electric current applied), the
angle φ between polarizer and PBS remains 45o. The
angle of rotation for the two outputs is altered in the
presence of magnetic field to be:
45

,

where is the angle of Faraday rotation. Thus, the
light power outputs from the PBS falling on the
detectors become:
1
2

1
2

2

(7)

And for small angles,
2

2

(9)

In case of alternating currents, the output signal
can be expressed by:
8 10

1
(10)

3. The Proposed Electronic Circuit
of the OCT
The schematic diagram of the electronic circuit of
OCT is shown in Fig. 3. It represents the electronic
processing of the detected signals as discussed in
Section 2.B in order to obtain a signal proper for
metering and relaying circuits.

Fig. 3. Schematic block diagram of the proposed optical current transformer.

Fig. 4 introduces the equivalent circuit of the
amplifier namely transimpedance amplifier. The
reversed bias is used to convert the photodetected
current Ip into Vout controlled by the resistor Rf. The
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circuit output is generated and simulated on the
simulator program as an input to the proposed
electronic circuit [19].
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4. Simulation and Experimental Results
4.1. Measurement circuit Simulation

Fig. 4. The Transimpedance amplifier circuit.

The simulation of the electronic circuit is
illustrated in details in Fig. 5, showing the amplifier,
subtractor [20], adder, and divider [21]. The subtractor
removes of the dc component and increases the current
signal sensitivity. The adder circuit is used to get the
dc component of the detected signal. The divider plays
the main job to extract the electric signal
corresponding to the measured current. Finally, the
resulting signal is amplified for current measurements
systems.

The simulation of the electronic circuit is carried
out by Proteus 8. In Fig. 6, Ch. (A) is the optical signal
which equal 0.315 V, as adjusted experimentally, with
noise fluctuations 4 % at 1.5 kHz and 2 % at 15 kHz.
The simulation parameters of the OCS are as
following; the Verdet constant V = 25.9 rad/T.m for
SF-59 glass [22], glass length d=1.3 cm. For a current
1500 A, the magnetic flux density is measured
experimentally to be 119 mT. At this values, the AC
signal is simulated from Equation (9) to be equal
0.08 V in amplitude (maximum value) at 50 Hz. The
outputs of transimpedance amplifier circuits of the two
detectors are Ch. (B) and Ch. (C) while the output of
the adder, subtractor, and divider are shown in Fig. 7
as well as the output of the amplified current signal for
the metering system.

Fig. 5. The proposed electronic circuit.

4.2. Experimental Results of OCS
Experimentally, the conductor current is simulated
by wounding the air gapped iron core by an
appropriate number of turns in order to obtain an
equivalent magnetic field in the gap. As a result, the
gap magnetic field becomes a function of the product
of the winding current and the turns number. The
optical sensor behavior is studied experimentally by
using 5 mW He-Ne laser light at 632.8 nm wavelength
with attenuator OD3. The Toroid iron core coil is

supplied from the Variac to control the applied current.
A Gauss / Tesla Meter model 4048 with T-4048-001
Probe from F.W. Bell model is used. Fig. 8 shows the
relation between the magnetic field in the center of the
gap and the applied current. The output signals from
the two detectors are displayed on HEWLETT
PAKWARD HP 54503A – 500 MHz digitizing
oscilloscope. The peak to peak voltage difference
output signal of the two detectors is shown in Fig. 9 as
a function with ampere-turns for the two sensor
lengths 0.4 and 1.3 cm.
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Fig. 6. Oscilloscope output - Ch. (A): light signal,
Ch. (B): detector 1 signal, Ch. (C): detector 2 signal
and Ch. (D): Subtractor O/P signal.

Fig. 7. Oscilloscope output - Ch. (A): Adder O/P signal,
Ch. (B): Subtractor O/P signal, Ch. (C): Divider O/P
current signal and Ch. (D): Amplified current signal.

Fig. 8. The Ampere-turn versus
the magnetic field in the gap center
of the Toroid iron core.

Fig. 9. The Peak to peak output voltage as a function
of the applied AC current (I=Ni) in the cases
of d=0.4 and 1.3 cm.

The experimental results showed a good
agreement with the calculations. The long glass length
(1.3 cm) provided better results as the light passing
through the glass effectively interacts with the
magnetic field in the gap and the sensitivity of the
sensor is higher. However, the calculated R.M.S error
of the long length is higher than the short length as it
changes from 0.42 and 0.27. Thus, a trade-off between
the strength of the obtained signal and the
corresponding error is obtained and the selection will
be user-defined.
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5. Conclusions
This work presented an evaluation of an optical
current transformer for high voltage network using a
magneto-sensitive SCHOTT glass SF-59 inserted into
a gapped core of a TCT. The OCS results were carried
out experimentally while the validity of the sensor was
verified numerically. The experiment was realized by
using a 5 mW He-Ne laser at 632.8 nm for a two glass
sensors of lengths 0.4 and 1.3 cm. Using a dual
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quadrature polarimetric configuration, the obtained
results showed that the sensitivity of the sensor is
dependent on the sensor length with a trade-off with
the R.M.S error. Therefore, it can be concluded that
the optical current transformer can be utilized as a high
sensitive sensor for high voltage networks.
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