
第 2O卷第 4期 

2001年 8月 

红 外 与 毫 米 波 学 报 
J．Infrared M illim．W avPs 

Vo J． 20，No．4 

August，2001 

STUDY 0N THE ELECTRIC CURRENT 

SENS0R 0F FIBER BRAGG GRATING 

FENG De—fun KAI Gui—Yun ZHAO Qi—Da DONG Xiao—Y 
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Abstract A new electric current~ensor based on a fiber Bragg grating tuned by a m gnet08trlctlve material rod 

was obtained．The fiber Bragg grating was firmly clung on a m gnetostr1ct1vc rod that was put into the cent ral part 

of a solenoid·The rod was elastically lengthened along the direclion of the magnelie field，so the Bragg wavelength 

of the fiber Bragg grating w孙 changed when the uniform magnetic field in the solenoid increased The relationship 

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

of linea r tuning is about 0 9nm ，and its tuning sensitivity is about 0 001nm
．
,"mA． 
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光纤布喇格光栅电流传感器研究 

冯德军 开桂云 赵启大 董孝义 

(南开大学光子技术中 fl,．天津，300071j 

摘要 本文实现了一种基于磁致伸缩棒在均匀磁场中的伸缩效应的光纤布喇格光栅电渡传感器．把光纤布喇格光 

栅牢固地沿纵向粘贴在一十星干多层漆包线绕成的螺线管中间的磁棒上．磁棒在螺线管中间部分的匈强磁场中随 

漳乜线中电流的增加而沿 向伸长，从而带动光栅在应变的作用 改变进长 实验剥得电流跟溲长壹化基本上成 

线性关系 ，波 长的改变范围约 0．9nrn．其灵敏度 约为 0．001nm．／mA． 

关键词 磁致伸缩材料，光纤布喇榷光栅，螺鳗管，电流传感器 

Intr0ducti0n 

Recently fiber Bragg grating(FBG ) sensor 

technology has become one of the most progressing 

sensing technolog}r 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 fiber op— 

tic sensors，such as absolute measurement，poten 

tial low—COSt， flexibility and uique wavelength 

multiplexing capacity． So FBG sensors are very 

important in civil，industrial and military fields． 

Faraday effect is used for conventional current 

voltage sensors ．Optical fiber sensors exploiting 

Faraday effect have been intensivelv studied．How 

ever，the practical application of optical fiber sen 

sots cannot solve the problems associated with in— 

ducing linear birefringence．1emperatore and vibra— 

tion，which have limited the application of sen 

sors．Severa1 a[ternative methods have been set up 

in experiments to measure current and voltage． 

For example，a hybrid system is used that consists 

of a conventiona1 current transformer and a piezo 

electric dement and an interferometric wavelength 

shift detection method．FB( s are ideaI for use in 

electrical power industry due to the immunity to 

sensors while Kerr or Pockels effect is used for electro—magnatic interference．A new electric cur 
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STUDY ON THE ELECTRIC CURRENT 
SENSOR OF FIBER BRAGG GRATING * 

FENG De-}un KAI Gui-Yun ZHAO Qi-Da DONG Xiao-Yi 
(Center of Pboton Tecbnology. Nankal University. TlanJIn 3001)71. China) 

Abstraet A new electric current ~E'n~or bas~J ,In a fiber Bragg grating tuned by a magneto!:'itncrive matC'rlal rod 

wa~ obtained. Tbe fiber Bragg gratmg was firmly clung on a magnetostrlctlv(' md that was put Into the central part 

of a solenoid. The rod was eia!'tically lengthened along the direction of the magnetic fielJ. so tbe Bragg wavelength 

of the fiber Br.1gg grating wa~ changed wben tbf:' uniform magnetic field ll] tbe snlen01d increased. The relatlonshlP 

between tbe electric current in the solenOid and tbe cbange of wavelengtb is basically linear. The wave!£'ngth range 

of lmear tuning i!o- about O. 9nm. and ltS tuning ~ensitivlty 1~ about (1. OC!lnm/mA. 

Key words magnetostrlctive matenal. fiber Bragg grating. !o-olennid. d",ctric current !>ensol". 
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Introduction 

Recently fiber Bragg grating ( FBG) sensor 

technology has become one of the most progres:,-mg 

sensing technology as FBG sensors can measure a 

wide range of parameters[I-1]. The main reason is 

that FBG sensors have a number of distinguished 

advantages over other implementations of fiber-op­

tIC sensors. such as absolute measurement. poten­

tial low-cost. flexibility and uique wavelength­

multiplexing capacity. So FBG senS:;Or~ are very 

important in civil ~ mdustrial and mihtary fields. 

Faraday effect j~ used for conventional current 

sensors while Kerr or Pockel~ effect is used for 
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voltage st:"nsors[~-. Ot>t1cal fiber sen~ors exploiting 

Faraday effect have been intensively studied. How­

ever. the practical applicatlOn of optical fiber sen­

sors ('annot solve the problems as~ociated with in­

ducing hnear birefringence .. temperature and vibra­

tion. which have hmlted the application of sen­

sors. Several alternative methods have been set up 

in experiments to measure current and voltage. 

For example. a hybnd system is used that conf..ists 

of a conventlOnal current transformer and a piezo­

electflc element and an interferometric wavelength­

shift detection method. FBGs are ideal for use m 

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 

tire material rod is demonstrated in this paper． 

1 Principle 

Bragg wavelength k of the FBG is glyen by 

k 一 2n．『TA， (1) 

where A is the fringe spacing of the FBG and ，， is 

the effective refractive ndex． Both the refractive 

index and spacing are dependent on temperature 

and strain．Assuming the temperature is unvary 

ing，the relation between strain and wavelength 

wilI be 

(1一 |p ) ． (2j 
、H 

where P，is the effective photoelastic coefficient． 

e is the strain along the grating’s axis direction． 

The effective photoelastic coefficient can be 

P ： [p 一 )( 一p．：)]， (3) 

where户、1 and P】2 are the photoeiastie coefficients 

of strain tensor． is Poisson ratio and is the 

refractive index of fiber core．For SiO 2 fiber． ⋯ 一 

1．46，p_l=0．12，pl2=0．27， 一 0．16，so ≈ 0．2 2． 

According to Eq．(2)，the Bragg wavelength 

can shift under an axial strain．The magnetostrie 

tive materiaI is a special kind of alloy of TBDy 

(FeM )，，and a magnet0strict】ve rod of dimensions 

5× 50ram is used as magnetic field transducer 

W hen a magnetic field is applied·the magnetic do 

mains in the magnetostrict1ve material tend to align 

a10nz the field direction．As a result of the magne 

toelastic coupiing，the materia1 suffers an elastic 

lengthening in the direction of the magnetic 

fieldc ”． Assuming a FBG is held on a magne 

tostrictive rod which is placed into the central part 

FBG 

magnetostrictive rod 

Fig．1 FBG sensing head 

图 1 光纤布喇格光栅传感头 

of a muhi layer solenoid，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 is the schematic diagran-i of FBG 

sensing head．The FBG of approximate 1 tram in 

length used． It fabricated 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 nm 

bandwidth is used in the preliminary experiment． 

Figure 2 shows the setup for current measurement 

of the sensor．Light from a broadband light source 

(BBS)is launched into the sensing head，and the 

transmission light is monitored by a commercial 

optical spectrum analyzer (OSA ， Advantest 

Q8383)with a resolution 0．1nm．According to the 

properties of the magnetostrictive material，the ap— 

plication of mechanical prestress will result in sig— 

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 1 20mm． Put the sensing head in the 

central part of a multi—layer solenoid． And the 

magnetic field is uniform in the centra1 part．The 

magnitude of uniform magnetic field is determined 

by the scope of the electric current in wax cloth 

windings．No mechanical prestress is applied in or 

der to achieve maximum sensitivity to magnetic 

field．The relationship between the electric current 

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

sensing head 

Fig．2 Schematic diagram of experimental 

setup for the measurement ol current effect 

图 2 测量电流教应的实验装置示意圈 
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rent sensOr based on FBG tuned by magneto:stric­

tive material rod if. demonstrated in this paper. 

1 Principle 

Bragg wavelength '" of the FBG i. given by 

where .1 is the frInge spacing of the FBG and n~JI is 

the effectlve refractive index. Both the refractive 

index and spacing are dependent on [empernture 

and strain. Assu mmg the temperature is unvary­

ing. the relation between strain and wavelength 

will be 

(2) 

where p~ is the eifectlV€ photoelastt{: coefficient. 

€:~" is the straLIl along the grating' os azi-s. dLrectton. 

The effective photoelastic coefficient can be 

(3) 

where p~ 1 and Pl~ {l[e the photoelastit coefilcients 

of strain tensor. fl 1:'-0 Poisson ratio and n",ff is the 

refractrve index of fiber core. For SiO? fiber. nwe, = 

1. 46. Pll=O.12.p,,=O. 27'1'=0.1O,so p.=O. 22. 

According to Eq. (2 \. the Bragg wavelength 

can shift under an axial strain. The magnetostric­

rive mat~rial is a special kind of alloy of TbDy 

(Fe!vI)~? and a ma.gnetastrictive rod of dtmenstons 

o:p5 x. 5Dmm is used as magnetic field transducer. 

When", magnetic field is applied. the magnetic' do­

mains ill the magnetostrictive material tend to align 

along rh{' field direction. As a result l'lf the magne­

toelast-ic coupling. the material sufft:'ts an elastic 

lengthening in the d([ectlOn of the magnetic 

field[<i,~:. Assummg a FBG 1s held on a magne­

tostrtctive rod which is placed into tht:' central part 

FBG fiber 

\ / - magnetostrictive rod 

Flg. 1 FBG sem:ing head 
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of a multi-layer s.olenoid. 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 cod will t.ransfer to 

the FBG. 

2 Experimental Results and Discussion 

Figure 1 IS the schematic diagram of FBG 

sensing head. The FBG of approximate Ilmm in 

length if.. uf..ed. It is fabricated in Ge-rmanium­

doped silica fiber by using a 248nm KrF excimer 

la,er and a phase mask. The FBG with the peak 

reflectivlty of 96% at 1549.02 nm and 0.22 nm 

bandwidth :is u::".ed Ln the prelimluary experiment. 

Figure 2 show~ the setup for current measurement 

of the sensor. Light from a broadband light source 

CBBS) is launched into the sensing head, and the 

tramim:ission light :is monitored b). a commercial 

optical spectrum analyzer (OSA, Advante~t 

QS383) with a resolution n. lnm. According to the 

properties of the magneto~trictive material, the ap­

plication of mechanical prestress wtll result tn sig­

nificant modification of its performance. The pre­

stress will reduce the sensitivi.ty to the magnetic 

field and give a more linear response. The solenoid 

has a bout 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 cloth 

windings. No mechanLcal prestress LS applied in or­

der to achlE've maximum sensitivity to magnet1c 

field. The relationship between the electric current 

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

BBS 

sensing head 

'( ::II-"'-: !' OSA .. ·······S . 
umform magnettc: field. 

Fig. 2 Schematic dIagram of eJ{penm~ntal 

!'etuj.> for the measurement of current efft"ct 
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Fig 3 The relationship between the Bragg 

wave]ength of FBG and e]ectric current 

图 3 光纤布喇格光栅的波长与外加电流的关系曲线 
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Fig．4 The transmission spectra of FBG a,t 

different electric current 

图 4 不同 电流时的光纤布喇格光栅 的透射谱线 

dots are experimental results．and the line is the 

fitted hne． 

It Is easy to see that the relationship between 

the current and the Bragg wavelength shift of EgG 

is basically linear (R 一 0．9944) in measuring 

range and the Bragg wavelength range of]inear 

tuning of 0．9nm is achieved．The tuning sensitivi 

ty is about 0．001nrri／mA．When the current ex 

eeeds the linear operating range of the magnetostie— 

tire materia1．the nonlinear behavior will appear 

due to the saturation of the a】loy．which will intro— 

duce the chirping of FBG．In experiments we。b— 

serve that hysteresis will affect the measuring re— 

su]ts if we go on increasing the current(for exain— 

ple，more than 1A )．so the measuring range of 

this current sensor is not very wide．The FBG suf 

fers no chirp in the tuning process as illustrated in 

Fig．4．The original wavelength (1．549021．m 1 is 

tuned to the wavelength (1．54992~m )． rhe y 

axis indicates the relative spectral intensity． 
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In addition，temperature effect must be COn— 

sidered if the measuring time is long．The heal ere— 

ated by the solenoid will be accumulated and it will 

affect the Bragg wavelength． In experiments，we 

used an adiabatic pipe to protect the sensing head 

from heat． How to eliminate the hysteresis and 

how to temperature effect and how to extend the 

measuring range are important questions to be re— 

so1red． 

3 Conclusion 

A new electtic current sensor based orl FBG 

tuned by m gnetostrIctive material rod is pro 

posed．The relationship between the electric cur— 

rent and the wavelegth shift is basically linear by 

the regressioll coefficient of R 一 0．9944．The tun— 

ing sensitivity is about 0．001nm／"mA．This device 

has many character Lst1cs，such as simple structure， 

high sensitivity，and good]inearily．It is promising 

t0 be used in the industria】measurement and big． 

1ogical sensing． It also offers a potential applica— 

tion of optoelectronic technology for improving hu- 

man health．safety and environmental protection． 
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Fig. 4 The transmission O'pectra of FBG at 

dtIJerent electri(, CllfrCIH 

dots are experimental results. and the line i<; the 

fit t ed line. 

It IS easy to see that the relationship bet'.veen 

the current and the llragg wavelength f..hift of FBG 

is basically linear (R~ = 0.9944) in measuring 

range and the Bragg wavelength range of lrnear 

tuning of o. 9nm is achIeved. The tunmg ~t:-nsitivi­

ty is about O.OOlnm/mA. When the current ex­

ceeds the linear operating range of the magnetOstIC­

lIve material. tht:- nonlinear behaVIOr will alJpear 

due to the saturation of the alluy. which will intro­

duce the chirping of FllG-. In t'xperiment~ we ob­

serve that hysteresis will affect the measuflng re­

sults if we go on increasing the current (for exam­

ple, more than lA). so the measurmg range of 

this current sensor i~ not very wide. The FEG suf­

fers no chirp in the luning process a~ illu~tratt:-d rn 

Fig. 4. The ortginal wavelength 1.., (1. 549!12I1-m) lS 

tuned to the wavelength A.:: (1. ~'499~~m t. The y­

axis indicates the relative spectral mtenSlly. 

In additwrL. temperature effect must be ('on­

,<;idered If the mea~uring time is long. The heat ('re­

atf::d by the sulenoid will bC' accumulated and It wtll 

affect the Bragg wavelength. In experiments. we 

used an adIabatic ptpe to protect the ~ensing head 

from heat. How to elimInate the hysteresIs and 

how to temperature effect and how to extend the 

measuring range are Important questtons to be re­

solved. 

3 Conclusion 

A new "lecITlC current senSOr ba,ed on FBG 

tuned by magndostrictive material rnd IS pro­

posed. The relationship between the electric cur­

rent and the wavelegth ~hift is basically linear by 

thf:: regres~iort coefficient of R2=O. 9~44. The tun­

ing sensitivity i:-:. about O.OHlnm/mA. ThIS device 

has many charactenstie~. such as simple structurE' 9 

high sensitivity. and good linearity. It IS promiSIng 

to be used in the industrtal measurement and bio­

logical sensing. It al~o offers a pot(·ntial applica­

tion of optoelectronic technology for ImlJroving hu­

man health. ~afE'ty and environmental protection. 
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