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STUDY ON THE ELECTRIC CURRENT
SENSOR OF FIBER BRAGG GRATING *
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Abstract A new electric current sensor hased on a fiber Bragg grating wuned by a magnetastnicrive matenal rod

was obtained. The fiber Bragg grating was firmly clung on a magnetostrictive rod that was put into the central part

of a solenoid. The rod was elastically lengthened along the direction nl the magnetic field, so the Bragg wavelength

of the fiber Bragg grating was changed when the uniform magnetic field in the snlenod increased. The relationshrp

between the electric current in the solenoid and the change of wavelength is basically linear. The wavelength range

of linear tuning i~ about 0. 9nm, and its tuning sensitiviey 18 about 0, G0 lnm/mA.
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Introduction

Recently fiber Bragg grating ( FBG ) sensor
technology has become one of the maost progressing
sensing technology as FBG sensors can measure a
wide range of parameters!'™ ", The main reason is
that FBG sensors have a number of distinguished
advantages over other implementations of liber-op-
tic sensors. such as absolute measurement. poten-
tial low-cost. flexibility and uique wavelength-
multiplexing capacity. So FBG sensors are very
import'.ant in civil. industrial and military fields.

Faraday effect is used for conventional current

sensors while Kerr or Pockels effect is used for
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voltage sensors™ . Optical fiber sensors exploiting
Faraday cffect have been intensively studied. How-
ever. the practical application of optical fiber sen-
sors cannot solve the problems associated with in-
ducing linear birefringence. temperature and vibra-
tion., which have limuted the application of sen-
sors. Several alternative methods have been set up
in experiments to measure current and voltage.
For example. a hvbrid system is used that consists
of a conventional current transformer and a piezo-
electric element and an interferometric wavelength-
shift detection method. FBGs are ideal for use in
electrical power industry due to the immunity to

electro-magnatic interference. A new electric cur-
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rent sensor based on FBG tuned by magnetostric-

tive material rod is demonstrated in this paper.
1 Principle

Bragg wavelength A, of the FBG is given by
ilb = Zﬁ,_r‘rA, (1)

where A 15 the Iringe spacing of the FBG and #.,, is
the effective vefractive index. Both the refractive
index and spacing are dependent on temperature
and strain, Assuming the temperature is unwvary-
ing. the relation between strain and wavelength
will be

AA

=1 — Poe,, . (23

Ay
where P, is the effective photoelastic coefficient.

£., is the strain along the grating’s axis direction.

The effective photoelastic coefficient can be
PEZ%EPU *‘P‘l(f’n—ﬂ:l]‘ (31

where py, and p,. are the photoelastic coefficients
of strain tensor. g is Poisson ratio and .. 15 the
refractive index of fiber core. For Si0, fiber. n,..=
146, pLu=0.12,pe=0. 27, pr=0. 16,50 p. a0, 22.

According to Eg. (2, the Bragg wavelength
can shift under an axial strain. The magnetostric-
tive material is a special kind of alloy of ThDy
(FeM?,, and a magnetastrictive rod of dimensions
45 ~ 50mm is used as magnetic field transducer.
When a magnetic field is applied . the magnetic do-
mains in the magnetostrictive material tend to align
along the field direction. As a result of the magne-
toelastic coupling, the material suffers an elastic
lengthening in the direction of the magnetic
field™ -,

tostrictive rod which is placed into the ceniral part

Assuming a FBG is held on a magne-

FBG fiber
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magneiostrictive rod

Fig- 1 FBG sensing head
Bl T TN R R Rk

of a multi-layer solencid, the Bragg wavelength of
the fiber grating will shift when the uniform mag-
netic field in the solenoid changes because the

strain of the magnetostrictive rod will transfer to
the FBG.

2 Experimental Results and Discussion

Figure 1 1s the schematic diagram of FBG
sensing head. The FBG of approximate 1lmm in
length is used. It is f{abricated in Germanium-
doped silica fiber by using a 248nm KrF excimer
laser and a phase mask. The FBG with the peak
reflectivity of 96% at 1549.02 nm and 0. 22 nom
bandwidth 1s used in the preliminary experiment,
Figure 2 shows the sewup for current measurement
of the sensor. Light from a broadband light source
{BB3? is launched into the sensing head, and the
transmission light is monitored by a commercial
{ OSA, Advantest
Q8383) with a resclution 0. Inm. According to the

optical spectrum  analvzer
properties of the magnetostrictive material, the ap-
plication of mechanical prestress will result in =ig-
nificant modification of its performance. The pre-
stress will reduce the sensitivity to the magnetic
field and give a more linear response. The solenoid
has about 2000 circles and the length of this
solenoid is 120mm. Put the sensing head in the
central part of a multi-layer solenoid. And the
magnetic field is uniform in the central part. The
magnitude of uniform magnetic field is determined
by the scope of the electric current in wax cloib
windings. Mo mechanical prestress is applied in or-
der to achieve maximum sensitivity 1o magnetic
fieid. The relationship between the eleciric current

and the Bragg wavelength was shown in Fig. 3, the

sensing head

BBS

umform magnetic field

Fig. 2 Schematic diagram of experimental
setup for the measurement of current effect
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Frg. 3 The relatonship between the Bragg
wavelength Ay of FBG and electrie currenc [
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Fig. 4 The transmussion specira af FBG ac
diflerent electric current
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dots are experimental results. and the line is the
fitted line.

It 15 easy to see that the reiationship between
the current and the Bragg wavelength shift of FBG
is basically linear t R* = 0.9644» in measuring
range and the Bragg wavelengrth range of linear
tuning of 0. 9nm is achreved. The tuning sensitivi-
ty is about 0. 00lnm/mA. When the current ex-
ceeds the linear pperating range of the magnetoste-
tive maierial. the nonlinear behavior will appear
due to the saturation of the alluv, which will intro-
duee the chirping of FBG. In vxperimenis we ob-
serve thar hysteresis will affect the measuring re-
sults if we go on increasing the current ({or exam-
ple, more than 1A }. so the measuring range of
this current sensor is not very wide. The FBG suf-
[ers no chirp in the tuning process as ilustrated in
Fig. 4. The original wavelength A,¢1. 54802pm) is
tuned ta the wavelength A: (1. 54882gm . The y-

axis indicates the relative spectral intenstty.

In addition. temperature effect must be con-
sidered i the measuring time is long. The heat cre-
ated hy the solencid will be aecumulated and rt will
alfect the Bragg wavelength. In experiments. we
used an adiabatic pipe to protect the sensing head
from heat. How to elimmate the hysteresis and
how 1o tempcrature elfect and how 1o extend the
measuring range are importanl questions to be re-

solved.
3 Conclusion

A new electric current sensor hased on FBG
tuned by magnetostrictive material rod s pro-
posed. The relati(nnship between the electric cur-
rent and the wavelegth <hift is basically linear by
the regression coeflicient of B'=0, 9444, The tun-
ing sensitivity is about 0. 0tllnm/mA. This device
has many characterrstics, such as simple structure,
high sensitivity, and good linearity. It 1s promising
ta be used in the industrial measurement and bio-
logical sensing. It also offers a potential applica-
tion ol aptoelectronic technology for improving hu-

man health. safety and environmental proteetion.
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