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Temperature Compensation Techniques for Fibre Bragg Gratings Tuned by 

Magnetostrictive Transducers 
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Abstract Two simple techniques for the compensation of the temperature effects in fiber Bragg gratings (FBGs) tuned by 

magnetostrictive transducers are demonstrated. The Bragg wavelengths were tuned by the magnetic field through the 

magnetostrictive transducer and two FBG s are arranged in such away that the magnetostrictive effects on the two 

gratings are added together, while the temperature effects are cancelled out. U sing these techniques, it has been able to 

reduce the temperature sensitivity of the sensor by more than 10 times, the additional wavelength shift due to the 

temperature was only O. 11 nm within the range of 22 "C- 80 'C. 
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(a> 

~!±';f§JIIl*/J\En5f$~JJ, ~1J**m ~F:I:~~ En ~1)1t~:l:m 
~ Bragg ~*:itHjifiilfljJj, IJlljm~~J~PfiilPf)(7'tH7'tfJlJto 
73 7 ~ H~ ~:l:m ifiil fljlj ~ 7't ~f 7't fJlJt En 1flli!!l J~ prtJ, 1& it 7 
M 1~ M 1¥L En 7't ~f 7't tJ1JH]!f ;fig, :5t J]IJ ~IJ 00 1 ( a) , ( b) foH 
:;;r\o 

l hermocouple 

ffI 1 *HY:i$ffiji)liJ iIl1J 7't~f Bragg 7'tjJ]J}1~J¥ fH~ )J:fEI!~j!jft] ffI 
(a) iJJ3 R:7'tH:7'ttJlil3@JUMbtE Terfenol:- D *Iffi ; (b) iJJ3 R:7'tH:7'ttJlil f 1TJlJ:'i'.3f]j-'jjIj*MbtEtJl[;fQ Terfenol:- D *Iffi 

Fig. 1 Schematic diagrams of the experimental setups 

(a) two FBG s bonded in perpendicular to each other on a Terfenol:-D plate; 

(b) two FBG s bonded in parallel with each other on a T efernol:- D bar and a nickel bar. respectively 
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~*~~C*~ffio ~~~~~~~~!±.En~~ 
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ili~M~7'tH7'tfJlJtEn~*5f$~~m~m~~M~7't 

H 7't fJlJt S1 Bragg ~ * 5f$ ~JJ ;f§ li ~ JJIJ ® {flli!!l J~ prtJ ;f§ li 
~WJ 0 i9:*~tE Terfenol- D *OO~}A rPJ;flJi'lrPJ S1M ~ 7't 
H7'ttJlfrS1 Bragg ~*5J\.J]IJ73 ~I' ~2' 1Jl1j~1I'J ~s1)'t 
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)y,1, )y,2 S1;f§X;J~1tfim 5J\.J]IJ*7F73l61 
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( 1) 

P,H + (1 - p e) a, ~T + ~~T ( 2) 
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*~, H 73~1frE~~~foH~!±'S1E~:l:m, ~T 731flli!!lEn~ 
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~(3) *a)j~1~ti1!/G1:X. m ~ 7'G~1~ Ili ~ ~ttf$I~nr 
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00 1( b) 9=I, M ~ JLfjG~;f§ ~ En 7'tH7'tfJlJt5J\.J]1J 
*~tE)lf-%R'f73 40 mm x 5 mm x 2 mm En Terfenol
D ;fIJCS1 * OO~, Terfenol- D ;f1J C1B-~:l:m ti rPJ -'f1j 
jj~Jlo ~T Terfenol-D ;flJllA~~F~~JliEn~ff~~ 
*~, :5tJ]IJ73 1. 2 x 10- 5/ °C;f1J 1. 3 x 10- 5/ °C, i.E!. ~ 1I'J 
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(CIt - CIt,) 6.T = (R + R,)H (4) 
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~~M*mi¥JftHft1l~wm~mA~ft~~ 
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ft*f5(( OSA) :!tHf 1K3. tJ\\;fo 1~~ :!i 0 ft 00 1 ( a) 15JT ~ ~a 

~i¥J~~J:j=lMm~i¥Jm~ftHft1lftn~~i¥J 

Bragg ~*5J\.jJUJg 1561. 7 nm ;fO 1562.0 nm 0 ~'¥J: 

f$~*Jt4 Terfenol-D *~JJJ:jf-T-1'- 12 em *i¥J~~~~ 
rgJ:j=l, 3Jm~ 38 A lUj[~~j[~, i~~~t~rgJ:j=l'L.'~~F 
1: 8. 2 x 10- 2 T i¥J 1i~frE~:f:m, Jmrli)ijJ-=p ~~t~ rg J:j=l i¥J 
~~)1tPI~7JfItiR~~~:f:mi¥JA/J\o ~OO 1( a) 15JT~ 
~ati;):!tHT~~~, ft/Frq]S"J~tm~14r, 15JT1~H~s"Jm~ 

ftHft1li¥JB~g~*~~i¥J~m~002M~,ft 

8.2x 10- 2 T i¥J~:f:mm~r*JPItiH~ 1.2 nm i¥J~* 
~i}], ftOO 2 S"J~'t::!:prtJSZIX±~r*J, EB~:f:m15JTF1:i¥J~ 
*~i}] S"JJliA;7Z ~J:)jtJg 24. 4 nm/T, r'BJ-TxWt[ 3] J:j=l 
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~Mmfr~~~)jt~:!i,~5~~~-~ftHft1l 

i¥JBragg~Bz*, 00 3 15JT~at!t~5J\.jJUJgm~ftHft1l 
i¥J Bragg ~*~~1flli)jts"J~1tat!t~ ~Ez m ::jlfs"J~1!~ 
1flli)jti¥J~*at!t~o fAOO 3 PI{~t±:lt~ft Terfenol-D:;& 
00i¥Jm~ftHft1li¥JB~g~*~~)jti¥J;7Z~)jt~ 

Jg 2. 6 x 10- 2 nm/ °C, m ~fttffttJlJJ- Bragg ~*~1t 
i¥J~f!~1flli)jti¥J;7Z~J:)jttP~1f - 2.0 x 10- 3 nm/ °C, 
r~~H~mri¥J1flli)jt~~)jt/J\-1'-~;JhL fAOO 3 ~PI 
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2 4 6 8 
Magndic field/)<lO-'T 

~ 2 ~ l( a) tj:t p;!g 7U't~f7'tt!lJJ Bragg ~*Z~~ 

~j:~B1~~ 1iE~ 

Fig.2 Difference between the two Bragg wavelengths as a 

function of the applied magnetic field for the 

experimental setup shown in Fig. l( a) 

e 2. 8 • wavelength shift of the logitudinal grating 2. 8 ! 
~ 2. 4 • wavelength shift of the transverse grating ~ 
.:: & wavelength difference between ~ 
~ 2. 0 the two gratings ~ 
11. 6 ~ 
.!! 1. 2 ~ 
~ ~ 
; 0.8 O. 8 ~ 

~ 0.4 .4 ; 
~ 0.0 o. 0 ~ 
- :!! - o. 4~:--;!;;-~;;---;:;;-----;;~--;;'-o'i;80:-'- o. 4 III 

40 50 60 70 
Temperature/"C 

~ 3 ~ l( a) tj:t p;!g 7U't~f7'tjJ]J}B1~*f$~& 

'81r'J B1~{!~1iliiJ¥ B1 ~~ liE ~ 
.: rJAr'D7'tH7't:jJjlji¥J Bragg ~*:f};M; .: tI1!r'D7'tH7't:jJjlji¥J 

Bragg ~*:f};r,!]; ... : wg f! 7'tH7'ttJll-i¥J Bragg ~*Z~ 

Fig. 3 Bragg wavelength shifts of the two gratings and their 

difference against the temperature for the 

experimental setup shown in Fig. 1 (a) with the 

magnetic field fix ed at 3. 17 x 10- 2 T 

~.~B~g~*i¥J~m~~~i¥J*~w~~~ 
IJ\, ~±~~ EB -T Terfenol- D i¥J~'¥J:f$~ *~J:~1flli 
)jt S"J * r'BJ ~ 1~ r ~ S"J ~ rfIJ: 0 00 4 15JT ~ Jg 22 °C;fO 
45 °C1flli)jtr, m ftHfttJlJJ-i¥Jft1t$tui~ 00, PI ~~ t±:l, 
~SZm~ftHft1lB~g~*i¥Jm1'-_~~~i¥J~ 

~~ ft /F rq] i¥J 1flli)jt r JVf15iH~ /F~, ~~~ ~a * :r;4~( 3) 
A i¥J :£JIH~ 11 -@ 0 

ftOO l(b) J:j=l, ~~~15JTmJSIji¥J~-xtftHft1lft 
22 °C8ti¥J Bragg ~**jJIJJg 1563.5 nm ;fO 1564.8 
nm, ~ m ~ ft H ft 11 Jm rl m 11~;.'j::\ 11":* ft - Jl], 5J\. jJlj *~ 
ft T erf enol- D ;fO ~ S"J :;& 00 L, p~ J§ * {T JJ)( A ~~ t~ rg 
J:j=l 0 EB-T Terfenol-D ;fOll i¥J~'¥J:f$~*~~&7J~ 
s"J, ft~:f:ms"Jftmr, m~ftHft1ls"J Bragg ~*~~ 
1ff*§&i¥J7J~~i}]o ft 7.0 x 10- 2 T 8t, 1~~{~~* 
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Bragg ~*EnifiiJf!1U~ TerfenorD ;tOllEn~3&1$~fiH~~ 
).IiZEn~1Jo, 1El. EI3 -T~ B"J~¥~1$M~ *~~ tt Terfenor D 
IJ\ 421ir, :i:J§En$tut±\ 9=t B~/Gt±\llEnJnm*o Jjjr, 
3;; % foJT ffl7't m 15( *I ~~ En 51 10'1' *- ( O. 1 nm) ill ~~ f!1U 7 
1~~£ B"J*~ Bt 0 

i:Q -75 
~ 

.~ -80 
'g 
2 -85 

f-o 

l-
• • · · : 
• • • I 

I • 
I • I • 
, I , , 
\.' 

... ---. ...... 

-90 
156:-:-1-;. 0;--"----;-;'=-.;---'--~15~6~3.-::0--J'---:-:15~64. 0 

Wavelength/pm 

Fig.4 Transmission spectra of the grating pair at different 

temperatures for the experimental setup shown in Fig. 1( a) 

-: at 22 "C; ----: at 45 'C 

1. Ol----L-_...L.-_~--L-_-L------J:_____':_----' 
012345678 

Magnetic field! X 10 T 

~ 5 ~ 1( b) r:p ~ 9, 7't~f 7U]J} Bragg iBZtE:Z& 

5j ll~tt3J i¥J * ~ (!lJ ~ 

Fig.5 Difference between the two Bragg wavelengths as a 

function of the applied magnetic field for the 

experimental setup shown in Fig. l(b) 
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Fig. 6 Bragg wavelength shifts of the two gratings and their 

4 

difference against the temperature for the 

experimental setup shown in Fig. 1 ( b) with the 

magnetic field fixed at 286 Gauss 

i+J. M R 7't~7'ttJlfr if§ Ji ¥ lHiMr!! %1;:tE T erfenor D 
* 00 En * H~ ~S fZ;J, Ell PI ~ ~ 1~ t1 r'6J - ,8 En ifiiJ f!1u ;7Z ~ 
Bt, 1El.foJTfffi B"J Terfenor D R i"tx:::*:, [3] rm l:ttx: ~ :!~L 
~*-#~~~fflM~~3&~~*f£ffi&,M~~ 

*f£if§ili:En1k%:fJf-t, PI~d>~1-:H1tj:Enjr%R i", 
*H:fJM.ffl*oM#~$~~:tEtx:.En~Bt~~ 

r*J ~1~BJlM En1ifuBt *H~~~*, [EJ 8i3mUM ~~3&1$ 
~5?~).IiZB"J~1JO:tt:tE-5E*¥BtJ:±~5$ 7 *~JE~1*En~ 
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