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A Faraday -effect current sensor using flint glass optical fiber

Kazuo Sakamoto, Toshiharu Yamashita

R&D Center, HOYA Corporation

Abstract
A single mode optical fiber made from flint glasses with negligible stress-optic effect has been developed a5
the sensing fiber for current measurement based on the Faraday effect. A model of a current measurement
system which is composed of a light source, an optical module integrated with the sensing fiber and optical
components, and a signalprocessing clectrical circuit has been constructed. The cument measurement
characteristics exhibited high accuracy and high temperature stablity meeting the requirements for the current
transformers used in the electric power transmission systems.
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Fig. 1 A basic arrangemeni of a fiber-optic
gurrent measurement sysiem based on
the Paraday effect

ERELREFICL > THETHITHEL RN
AERPAUETE S,

BEH., THTLEERIE B AEE
B KRB OEH RIS PER A o BB A 20 5L 38
BEbh TS, BRUBRENBICLE LT



Table 1 Types and causes of the birefringence

Typc Cause

Expession

Residual stress through fiber

(2ri3)-C-T

Intrinsic fabrication process
Eiliptic deformation of core
0.125 - (e¥a) - 2A)F
(Normalized Freq, V2.4) (€7} - 25)
Bending (#id)+Co B (/RY
Induced Twisting 2C + (G/n) - it
Pressure {8/ Ay~ C~ (FefrL)

Thermal stress

C- g -Efffl-v)

A =Wavelength, C=_Stress-optic coeffiecient, T=Residual stress,
e== Ellipticity of core, a=xCore radius, A = Relative refractive index difference

R = Bending radius, r=Fiber radius, E=Young modulus,
n == Refractive index of core glass, G == Shear modulus, ¢ t=Torsional mate of fiber,

L= Fiber iength on which the load Fo exerts,

f= Geometrical factor, ¢ = Lincar thermal expantion coefficient, y = Poisson ratio
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Tahle 2 The stress-optic coeffifient and the Verdet constant
of the flint glass and the silica glass

Stress-optic cocfficient (633nm) Verdet constant (633am}
Glass
{emfke) {min/Oe « cm)
Flint Glass 13x10’ 0.073
Silica Glass 34107 amz
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Table 3 The structural parameters and
properties of the flint glass

fiber
Fiber Diameter [ nm] 123
Core Diameter  {gm] 3.7
Relative Refractive Index Difference [ 96} .18
Numerical Aperture 211
Normalized Frequenrcy 235
Transmission Loss [¢Bm] 2
Modal Birefringence [deg/m]) 3
Average Tensile Strengih (GPal .61
Mindmum Bending Radius [mm] ERE
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Fig. 2 The model of current sensor for the
electric power transmission lines
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Fig, 3 The bleck diagram of the signal
processor circuit
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Fig. 4 The current measurement
characteristie in low current range
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fig. 5 The error in the measurement of
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Fig. 6 The temperature dependence of the
error in the current measurement
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