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1.1 FBGEREMGREE
A DX S8 B AT 5T S 3 g RO Y SR A D SE T O B A R AR K Ape PR EE YW 2 iR R ) X PR
SR SO R AR BLAR U S R AR . LR R AT BR A A% 2 AT DU S ok B
Ap = 2n.4A (1)
TER GG IR S AR IE O T FBG WU AT PIAS I 2 A B TR o BT LA, AL FBG X T3 B2 1Y e Ly 45 %, A1)
DA S A A A I O S 5 R B A R RO FR K, I A B R Y AR A
FBG Wi JE R BUE K, Rw R
KTZS—;:M(W%) (2)
K ARRUEAR, TRRIRIE , o 1530 R JCEF AR P Ik R BRI HOE R 8
1.2 FBG T RKIFEE
TE IS 1Y W AR ARG 0T, FBG 09 Af i 4 1 A 23 AR TR A% L 32 8 it DRI S M DX 38l 7 i Sk S5 R0 O
W JE B & A AR AL . T LA R FBG X R A 4 i AR T LS B I A R R O S 5 N AR R e O R
3, #E 5 2 AR A8 AL
TE FBG 52 2§l im0 22 B IGO0 T, HoAn PiAk i o K AR TS o A Py 2 v] L3RR
Ay = 2n4AA + 2AAn (3)
A, A FIRA R S EN A Ay FoR AT PIAR LA | nop R 8 A BT %, A R G Y RN o
FCEFAE = A2k B 37 3 1 R A8 1T LR IR
b
E

l *UPIZ (4)

-V

E
P12
E

AP, e FORNAE  E LR &, 0 FORTANS L, Py A P, R 306 R 50
FBG B A RS K. o] ARR R

Kszl_(nzm)[,blz_U<Pu+Plz>:| (5)
FBG 4 A A% I A0 16] 17 A% 22 8] A9 Ak ¢ 2 Al LSRR
A/{lB:KEE; (6)

1.3 FBGSERMTEFHKF

FI 1978 4F HILL K O %" 9 YCUE B A2 G F v 2o Y6 M T8 ik A6 LUK B 58 H IR A MBS T FBG
4 25 AN R RE o SR IO X AR I T S SR AT, AT AR B FBG . P S S i th ot e A R AR
Btk s R m .

H AT, 5T FBG i i v 28 B g B e B R £ . 2009 4F , B K K2 ZHU Y 25V IR T —Fp 2 T 204k
R HOCZE W FBG Y (e 0 A8 5 %, A FBG A9 H G I 4000 1310 nm A1 550 nm, 4 4% B8 A
W A AR, P A2 SRS N I T A IO s TR o R AT R R R AR I SR 25 BRI A AN FBG Y
O P B AR WA 3T 53 T RAAL IR 1T LS B 800 °C A 15 B A1 1 A% (1 [+ B ) 2

AR, RIEH TR0 LI G Y 5 W5 AT e T k2% 54 Y6 ( Chemical Composition Grating, CCG)
FE 24~900 “CYLE 7 Bl P A4 380 J3 R0, A8 ) By o S 56 235 6 BH o 4 A IR R IR P TR o Ay I 4 il R
FEAE FE IR B R, CCG I AL 5 i I (0 7 Ao 1o A8 52 ek 56 2, B Ah , CCG A R 7% i iy 5 9 B TG 56
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WA, 45 G 2T o ik 17 728 A% S e T 90 O Je (8% )

2010 4 , % 75 BLARF 4L K 22 HUANG Y 25 F1) F COL MO 21 S i 4 8 1 5% 2F 56 (Long—period Fiber
Grating, LPFG) 1% 8% &% 75 /& i 0 58 T #E 47 R0 A8 I &, 5 1T B> LPFG A% J& 2 19 P b 43 2 8 =X (LPO6 F1
LPO7) [ B 300 5 50 3 1728, SE3 T 700 “CTF Fl R 28 I 6, 0 728 43 BE R M 0.5 pre

2014 4F , PH AL R 2 T 22 6 A BN B T A T — ol 1 A8 52 S0 48 & 1 D6 AT TR R AR A IR AR . B e R
A5 b 2 X BB £F (Single Mode Fiber, SMF ) #4740 31, 3845 EHLAR 43 1 2 90 pm F1 60 pm 1Y FBG; 2K f5
SR AR B 5 355 FBG #EAT #0h B, 75 3 48 28 YoM (Regenerated Fiber Bragg Grating, RFBG) . SZ 50 45 5
T AL IRAR I T 800 (CF By iz AR il £ , LW AR R A M 0.9 pm/pe #2785 & 4.5 pm/pe.

2015 4F A SCIR AL IR T — P Rk REBG G 2% i FH KeF 12 30688 72 SMF 205 ot i K4
4 1304 nm A1 1 547 nm BB A FBG, 2R 5 , ok AL 38 75 i %0 FBG AT 3 B4 15 8 RFBG. SC B 45 1
T ZAG AR LT 900 ‘CR 1000 pe 76 Bl P4 A9 380 252 R0 A28 1) ] B 00 oo b A0, SR FH = B S 4k 4 B O J
A TR 1 ) SO AR I 1% Rk 1R 2 R AR R 25 4y R 28.3 CHT 4.1 pes,

2016 4F , 18 [F 3 A5 JE 2O6 T HAR W28 BT i HABISREUTHER T 4" TR F 215 —Br FBG 5 5
AR AL S AS T D v R R AR | A5 SRS A 1 1K 600 CHOTRLEE N b AT TR AR IR, SrR S SR R E A
FBG & A8 G818 L K 20 10 pe (9 43 BF 500 AR |, I B A% I8 4% 1E A7 80 Tk 10 28 2 JRR A, e SRt Jonn oz 2% oy
1500 pe, B A AT Ao 4% J% g (14 0 B 0 52

2017 4F A SCIAL T HIE T —FhEE T AU RFBG WY G AT iR AR A5 s s MR IR 1, 7R
B SMF fil 4% 48 09 SMF 23 3 25 T —4 FBG, 8 T3 2 WA BB A N AR R B FBG, L4 )8
Pk A P E B AR FBG, 18 1 45 /NG LT B B4R L 32 5 FBG B 28 SR A58 s SR, A BE 7 1 % FBG #E A7 4
A 58I RFBG, F— 2 B9S2 00 3 W, i A% R SC BT B L1 728 U2 i 4 ) Bsp 30 5 (L 13 <2800 °C 5 Jif A <<
1000 e ), He 3k B2 007 AR B 0 158 22 43 51 2 4.6 “CH119.9 pe.

125 pm

E1 MRFBG#tRELMREE
Fig. 1 Schematic diagram of the dual REBG sensor structure'”!
[ 4F, PEE K% YANG T T 53R H 800 nm € FMHOL %15 H R , 78 Z BOLLT (Multimode Fiber, MMF)
WO T %) FBG, K258 7R 2 B AN & 2 7, MIMF 1) 3 A5 11 g B A 7 £ 008 % T Ak 38 %, 7 A% i ol A o 7
Az T A B g R e S 0 B S i e R T R AR R T R R I Y S 45 SR R B TR IR 600~
900 “CYE I N , 2% 52 0% 55 3 B S e P O A&, LW 728 SR BUHRE 42 i 1) 5.24 pm/pe, I A% AR R T i il PR3
T FR I

M2 5HFBGEHTEE"
Fig. 2 Schematic diagram of multi-mode FBG structure'
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2018 4%, b3 f7 B RHE K22 ZHANG Y M %6 Vil ME T —Fp 2 T FBG (1 & 18 1V A8 4 A% (1 FH 21 40 (B
WO %43 I AE 447 9 SMF F48 #% SMF Y 2F 5 %15 FBG, SR 5 EAT i I8 A8 S0 86 . Se e 45 R 0, % 1L I
#r ] LLSEEE 800 (CF 1000 pee 36 B PN AO I 2 o 76 AH ] A9 o 3R 0 A8 175 100 T, 4 /7 95 FBG Y i iy R 8% KT 18
W FBG. R T # R ERES AT R A AR M, 82 1UFE 500 CRATR #E 47 1 A8 it

AR, & ARR 2 GUO Q&SR H R OG B AT H AL HIAE T — Fh il 5 A FBG /& i R AR (& IR A% 72 1
124 60 pm By B 5 B AOCE T ARIR T =B FBG., SIS T A% R A6 = I 2 1 600 “Cl B2 ¥ FE N 9 1 B
IR, 76 1 000~1 600 “CHBE 3 FEl P, FOR B R A 0 34.96 pm/°C. BEAk, 43 5l #E 26 °C (500 °C .1 000 °C
F1 600 CIM I T 4% B4 1Y 0 A8 A% B R M, L0 A8 R 43 5102 1.42 pm/pe 1.42 pm/pe  1.44 pm/pe Fil 1.45
pm/pe. SEHSE S F A % AL AR X b A R TR ER BT i gt W 45 5L A R v 1 A

2019 4, P L K 2% SU D 25248 T —Fl ) ] SMF F4H 5 6 £F (Thin Core Fiber, TCF) %I 5 (4 '% 2 %
XCEBG T[] B 0 i e 3 A0 N A5 3 AR FBG BLA AN [ ) #40' 22 B850 30 22 85, b T 82 R Al i 07 2% o i 52
A X B R, L0 25 SR R B IZ AL AR SE B T 800 °CF 1 000 pe 3 [l P A4 [w] Bsf 0 &, o7 A% 28 i 38 vy
ik 3.25 pm/pe.

2020 4F , 15 4 2 B G F 22058 Be i VIVEIROS D 257 T —Fp R KRN MOE 205 2 4 FBG T
N YL B N A M5 2 R b B T i RS e 2.5 pm, BT DR SRR AT b 1 — A 2T A %A
AT DL SR At 7 A 2F B (LPO, LRI LPL, 1) o SR 25 SRR W], 7E 23~300 “CHY IR FE 6 Bl Y, 1% 8% 28 1 R
BERUE N 12 pm/°C 78 0~522 pe I N AS 0 N, A% B35 1 N AR ARy 1.44 pm/pes

2022 4F AR SCUR R AL V4R T — R IR RN AR X I A G T AL AR o A AR B PN SR
REBG HIH A~ B 403 58 2 410k, Hegh s B & 3 fin o REBG2 # B 278 — A~ BB 5354 b, (U0 I
Wi 1, T REBG 1% et BE F7 728 5 e 1 o ST 36 45 SR 2 W], A% J i 1 iR B2 i) i 76 100~1 000 “C Y Ik J32 11 [l 4 42
LR kAR Ak, HR P R R 15.7 pm/°C e A, 5 B AR AE 300~900 “Cl BE 7 Rl P B4 07 28 0 EL AT R g Ay vl
e 7600 Cli BE T LA K 0~120 pe B9 W A8 0 Bl A, T 1> B 4 A 0545 A9 38 5 3 28 (i REBG 1 9 0 A8 2R 84
P15 % 5.46 pm/pe, 1% AE R HUE HLE WL REBG N A8 15 S5 = S5 A4 .

— L, i
!

5 — :
] d 1
r“—l ‘
2 2
i,,,, “SMFHT TA.
]
——

—_— -
Glass capillary tube /

Foi Fy

K3 S#BRFBGHERBEHTER

Fig. 3 Schematic diagram of cascaded REBG sensor structure'™’

F VBN T SCHRARIE 5945 AL T FBG (Y G 2F g i 10 28 1 T (0 00 o 2 0 e, B 436 D) 2 R 7 228 ¥
L L A8 R

X G £F i il I AR A SRR A7 B4l JRE R AR A8 SRR ) AL, BF 5 4 T 9 A DR O U LA B T
28 A B2 32 B W A RE R X 8T YA AR RE RS B 00 R R A . BT BRI 4 TR AR A e T B o
AN FBG I 1 B I - 00 3 B A AR (b — A FBG R iR B BE , 55 — > FBG Wi 1y I B2 AW 2%, iR
JRE A i 38 Dy v, 5 BRI sk 0 ek L R R IO A A Rl P2 N A S SRR ] A, R K R A e 5 ik 2 BRI %
TR Y 5 FR AT FBG AN g I 0947 s, — B B AR 300 "CRATR A S 3 LB BE o e &b, SCHR [ 24-25 [ 84
I8 T RUS i R R [ Ak 00 B 3t R R A G 3 L % A A e 00 T e 00 3 R R R A S A M 0 A
A Ta] 4 3 JRE SR S R T A SR RE o P A 8 T 3 R R A TR A ) LR W LA R A E TS A IO AR T
S R[] o 00 30 B8 IO A o LR, X I ) A U B A A I A SRS B4 1 R SRR e 2 R A A i R
RN AR AFAE R R A AP AE BRI 1R 22 JUHAE iR T A I iR 22 i K
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WA, 45 G 2T o ik 17 728 A% S e T 90 O Je (8% )

1 FBGUMRMEEBBONESBILR 7

Table 1 Comparison of measurement parameters of FBG type high temperature and strain sensor !'"'*'!7202

YVear Sensor structure Temperature Temp}e.ra'ture Strain St.ra.in. Temperatu‘re Ref.
range sensitivity range sensitivity compensation
2009 CCG 24~900 C 13.8 pm/°C 0~1 000 pe 1.1 pm/pe No [11]
2010 Long-period FBG 25~700 C 163 pm/°C 0~15000 pe  0.31 pm/pe No [13]
2014 Etched RFBG 24~800 C 12.2 pm/C 0~1 000 pe 4.5 pm/pe No [14]
2015 Cascaded RFBG 25~900 C 15.2 pm/C 0~1000pe  0.81 pm/pe No [15]
2017 Double RFBG 20~800 °C 16.3 pm/°C 0~1 000 pe 1.57 pm/pe No [17]
2018 Sapphire FBG 26~1 600 °C 34.96 pm/°C 0~1 300 pe 1.45 pm/pe No [20]
2019 Dual FBG 100~800 °C 12.5 pm/°C 0~1 000 pe 3.25 pm/pe No [21]
2020 Off-axis FBG 23~300°C 12 pm/C 0~522 pe 1.44 pm/pe No [22]
2022 Two RFBG 100~1 000 °C 15.7 pm/°C 0~120 pe 5.46 pm/pe Yes [23]

2 KATHETENTHERR

21 RAZFHE-HTTHNEBERELTEBE

H£F A B -1 P T 4L (Fabry—Perot Interferometer, FPT) & &A% X i AF 7 508k, H i axX Fl 4% A8 18
o TR PR T v N A AR B T 0GR . AN FLER B v i TR RN AR R A AR F-P R R K DL Y
B9 A BT S 2% 25 kAR R R BT U5 6 I A ™ A AR, 0 M T B U K Y 7 Ak S AT BN A A AR B R AR
) 30k 3 RN N AR AR Al i AT, SCHERHRE B T DU s TR AR ) FPT SRR A A FPTLFPI X FBG A! (FPI
Ik RFBG B 45, BE TR FPLAY N AL R U X B AR 2, Hohl ARy ik A 22, niotm T35 ik
LR AR kA

2009 4, HL 7 BHE K 2% RAO Y JAE il ME T — Fp 56 F 25 3856 7 f /R % £F (Hollow Photonic Crystal
Fiber, HPCF ) (1) FPIf& %% , SR K5 2 W18 HPCF 5 4% 76 9 B SMF Z [0], 35153 7 38 FPIAL Ik 2% . SL IR 45
SAEB AL AR 7 S IR E) 700 CH HA R M Pk, SC T 20~600 “Cl B 3 BBl P A Rz A% 0 5, 17 AR R A%
A5.94 nm/pe.

2014 4, IR TR 2% XIONG L3742 T —FAEAE R FPI-FBG & & & %88 % 2 & 1L BRA8 1 F-
Pl — B BB — B SMF DL K — B %5 FBG 1988 4 SMF 24 i, AL B 1 FBG BE47 36 58 I &,
LT FPIIEAT R AR I B o S 56 245 SR 36 W i A% SR 25 B 08 [ I I 2 303 38 R A 17 A%, 30 38 R0 o7 728 Y0 31 11 43 1 mp
5 500 “CHI 10 000 e, Fr i i B RAUE A 13.6 pm/°C, N AR RAEGE K 46 nm/pe, WM, 15 A8 S0 B0 T A 200 i
FERME

20154F , P /R Bl K% FERREIRA M S %5745 H 17— F 56 3 0 9548 (1) FPTA% I8 T = TR B9 B
A A S R 2R 14 pm (L2 U AR 2 20 pm B /N | BEAS /INER IR 7R 58 4 AR RO A7
B LR A7 5 A5 O DL AR R M | 3 Ao 7 P B BT &F 22 IR 2 — B A S TR i FPLL O HLAF O T #RGR KO 15 JR 2%
e Ve 52, DA 535 A5 IR A I AL PR BE . SR S5 BRI KB R 17 pm 19 /1 9 38 iV (9 A4 IR 28 LA (IR T
1 pm/°CHY i R AR, HW AR R A50% R 13.9 pm/pes

2016 4F , A SCUR 2 HIVE T — Fb B T FPIZLEE REBG 19 525 1 I A8 AL 8gs | H 25 My 7 72 181 4 51 4 o
3 o 7 B LK — BE2S BG4 (Hollow Core Fiber, HCF ) % 75 W BE SMF 22 i) 4 FPI; SR )5 6 FP1 5
Tl T E M I, X AL R AT AL FRAS B REFBG . S0 56 25 5 36 B 2 A% B8 th — A S 80k 12.09 1) 48 FE 41
J L T LS B U R A XU S (4 ) B ) (R BE <C600 °C ;i A8 <600 pe) , I FE R A8 W B 35 2% 43 B K
4.6 ‘CHFI19.9 pe.

2018 4F , L FRHE K% YANG T T & B il 4F T —Fh i 48 iU (906 2 w5 1 1 A A5 R 2% 2 A% IR 28
800 nm 1Y RFMHOL % 215 (19 FBG I 157 nm SOG &% UM T4 AR HIE R C2F FPTZCINT A, SE30 T i A B
Hh R L AR R AR A . FBG X I e N A R AR R i 15 T 2T F PR AR e 1 ARG R B e R AR /N . SE G
SEIR R LA B R A S L SR T 500 °CTR 650 e 3 FRI P A ) Ast 30 £
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RG —> < SMF —><— HCF

M4 FPIZHRFBGH LR BT ER"
Fig. 4 Schematic diagram of the sensor structure of the FPI cascaded REBG"™"

[ AR #RAEARER T 22 B 19 LIU D JAE 2 T —Fp 3 7 HCF 1Y = 10 A8 15 IR 2% | 15 1% 4% th —/NBE HCF
TE T A s 1 B 22 T 0 0 B, 2 A% i LA e R P, LR R AU Ry 33.4 pm/°C, AR R
R ERE] 1000 °C, I A R0 R e MR 2, FLA A K Y B AR R AU (0.46 pm/pe) , 3 B AL AR
TE o A% BSUR B A BRI T

2019 4F , B K2 PANG F F &3 B 7 — PFh 3 T & 4L 55 W & 137 28 Y6 4F ( Alumina Ceramic Derived
Fiber, CDF) (% FPIAL &% FH T 8 ik N 728 A% J8% 2 A% 8% 4% B 9 Bt SMF Z M Bf 4% — Bt CDF 21 B, 1% 8448 1
T E AN &5 BT 7R, e = IR 2 1 200 °C Y B BN X 14 TR 1 17 A% i) 7 AR P 0E A7 S 96 A, SC 90 25 SRR,
1 A 0 U KR AL S AL B 5 RN AR AR A SR DG &R L TE 900 CCRYIR BETR B 3 B i 45 10 AR R BRE Ry
1.5 pm/pe, 8 BE RO N 15.6 pm/C, 3 H 2 mm i 7 £ 0~3 000 pe v Bl N E Z ML . BLAh % A& BRAF 1
1000 “CHYMREE T BA R 4FrY 8 5 P, Hw A8 2 3 [ 2 0~2 000 pe.

Crystallization Splice point
' ' i
i
1

4 3

K5 #FCDF#yFPI%REN D HE "
Fig. 5 Micrograph of the FPI sensor based on CDF'

2020 4F , DU TR % NAN T B bt 7 — Rk K A il b 45 0008 280 52 45 A% s o A% I o I AR AiE Y

FPIAEE 4 1 REBG 4L, H A5 7R B B AN 5 6 B, IF FLAE B % B8 92 10K T % Jeas i g R b o 5256
gE LU AL A SE P T IR E 800 “C Hl P fd o7 A8 I, HEE B R A R 10.98+0.008 31T pm/°C, THE /R

B IR RE 7 B 0.1 °C, AR A3 BE AN 0.5 pe A8 IR AR 78 52 50 DU 3K b 7T LAY BR #Ri A2 T30, B AT R4 AR
SETE .
Capillary glass tube

Gold coated fiber
+ , !
il |11

|
RFBG

Solder joint

He frREdEhrzrE™

Fig. 6 Schematic diagram of the sensor structure

[43]

[ 4F A SOV R T — B 3L TR 4T FPIZLEE REBG il 4% J8 s FH T [ s 00 2 8 L R 58 1 A 8L 38 A
A BB R R B R ANE 7 fras , 64 FPI i AS B R 74 pm A9 55 205 £1 9245 (Hollow Core Silica Tube, HCST ) #%
FEAE W B SMF 22 (0], Ho X i 58 A1y A8 #R e R, 1 REBG i A FE T 40K 545 Y, £ 3 i i g 1 28 S o v,
T PP, M A0 TR BE 2, SL 6 25 SR 28 0 1AL IR AR E 100~1 000 °CHY IR B VI Bl Y, 1R R A5 4 18.01 pm/°C,
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WU, A5 G T s I A2 e S F 5 o o (i)

TE 300~1 000 “C B i B i [l Py, 07 A8 i o R0 A 5t 2 M OC 21, g A8 0 1 18 [T A 0~450 pe, 75 I 8 Ry 800 “CH
HW A RAFJE R 2.17 pm/pe.

High temperature resistant ceramic adhesive

T / ' i ™
SMF HCST SMF RFBG
f

—_— —_— I 300 um | 600 pm
—
1 1

1
—|6mm« 8 mmS6mmie=  Ajundum tube

B7 FPIRHRFBGHRBELEHTEE "
Fig. 7 Schematic diagram of the FPI cascaded with REBG sensor structure '

2021 4F RRDCHE TR LI T LS AR T — Fh a8 05 78 & IR T SF 4788 0 28 W & 1 0% 1 b IR 6 £F
(Photonic Crystal Fiber, PCF)FPI& &g , H 450 /R B E A1 8 Frzm o R OG- 3 [E E  B i 2 7 Xy
HKE P B PCF 4 A B 41 A D88 M B, B i — A~ JEAE Y FPIAL IR o X F A% Jaks &5 44 £l 5 3 3l 1 F-P
Fi EL AT A R I Ny AR N B L AR TR R BT R AT TSR I UE . SR AE R R R B = R F
1100 CHIREEYERIN ,, B8 T B4 A e M 7E IR E 1000 °CTR AT o 6 46 0 1) 48 K 0 ML AR5 3 Rz A8 0
9 436.66 pe.

. . Reflective surface 1~ Reflective surface 2
Incident light

—_

P
Reflected light T ? T
PCF  Quartz capillary ~ Welding PCF

Point
M8 ETFTPCFHFPIttRBELEMTEE"Y
Fig. 8 Schematic diagram of the FPI sensor structure based on PCF""’
2022 4F A SCERRIAL O T — i R AR 800 A0 TTAS FBG (198 R SO FPIs % Jg8 2 FH T [l s 0 6 i
JE RN AR, H A5 K 7R R P AN A 9 B 7R o A FPT i — B HCST (W B SMF Fil— Bt MMF 240 %, 7E 26~1 000 °C
P14 Tk BEE 9 R P, FG 7 A 1 8 I T 9 Ol 3 1 3R B R R O 6.98 pm/°C, N 7R I i Y L Dl 0~350 pe, 7E U EE N
800 “CHF, FL 5 4% R B o 127.32 pm/pe, WA, R H CFMOGTE SMF 215 FBG ,FBG £ 3 7E B4 E T,
S SO 3l B X6 e T ) 87 A AN S, G R U O 15.14 pm/C

B9 ETFRFPIsttRBLMTEE"
Fig. 9 Schematic diagram of the sensor structure based on double FPIs""

R 2F T SCHR AR TE (Y 2% Bl T FPT A% 62T v il 10 A2 A4 S A% A 00 ek 2 0 b A, 45 00 kR A g A%
38538 A0 7 R A
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Table 2 Comparison of measurement parameters of optical fiber FPI type high temperature and strain sensor 7% #0441

Sensor Temperature Temperature Strain Strain Temperature

Year o o . Ref.
structure range sensitivity range sensitivity compensation
2009 HCPCF FPI 100~700 °C 163.55 pm/°C 0~414 pe 5.94 nm/pe No [33]
2014 EFPI-FBG 25~500 °C 13.6 pm/C 0~10 000 pe 46 nm/pe Yes [37]
2016 FPI-RFBG 19~600 ‘C 13.97 pm/C 0~600 pe 1.23 pm/pe No [39]
2018 FPI-FBG 25~500 °C 15.2 pm/°C 0~650 pe 0.81 pm/pe No [40]
2019 CDF FPI 20~1 200 C 15.6 pm/°C 0~2 000 pe 1.5 pm/pe No [42]
2020 RFBG-FPI 100~1 000 °C 18.01 pm/C 0~450 pe 2.17 pm/pe Yes [44]
2021 PCF FPI 28~1100C 426.7 pm/C 0~9 436.66 pe 25.1 pm/pe No [45]
2022 Double FPIs 26~1 000 C 15.14 pm/C 0~350 pe 127.32 pm/pe Yes [46]

22 MIBENXAHIRMET GRS

Tl Y 5 £F i T R AR A5 SR A% & TG EF FPT e i B AR A% 8 2 28 0 | LA Jo J2 6 't 2F i 1 8 % 1N 30 1l A
T A FPL, H T, 3k Fl A% e FH 100 2 g T 0 N A5 190 BIF 9 66 A 238, A1 A 3 b Bl 28 FPTOAS Tid i 3L, 1fif L
o WiE,

2011 4F , PR K24 DENG M & 74 HY T —Fh {7 50 | 10 [ (9 A0 1 D6 2F FPIAG IR AR | % A% B S i i 7l
KDL — B 2 8O T i 46 27 (Multimode Photonic Crystal Fiber, MPCF ) Fil— Bt SMF % 32 il 7 i i , <.
T I 1 T A I T ) 36 3 - AR TR Sy FPT Y 1 A B SR 455, 1% 3% 8 1 Sl B P 51 10 s, SE e 45 SR R W L 1%
R SEEE T 750 (CR 1850 pre i FEl P 19 I £, O B2 R AEURE K 0.6 pm/°C, 178 R K 2.3 pm/pes

FPI MPCF

F10 2 FAEEFPIEEBWEHME"
Fig. 10 Micrograph of the FPI sensor based on bubble cavity'”!

20144 BRI TR K 2% ZHOU A GE R I T —Fh &2 & 15 454 1 Y6 4F FPIAE IR 1% FPLI A E G AT
rh ), T RD R A ) AR F P — A 3k Y A5 A G — A o e B 2, A R A A B AL
£f (Hollow Annular Core Fiber, HACF ) i PN &8 il /5 177 i, 4548 78 B B a0 14 11 fras , S8 45 R R 0 18 % i
— 500 °C, &5 A A S 5 i BE SR AEORE 43 50 R 1.3 pm/°CH 13 pm/°C, H W A8 RAEUEE 43 53] R 5.2 pm/pe Hl
1.1 pm/pe, X5 30 52 0 07 A8 52 AN [m] 14 52 BRE , T S5 300 0 8 R 2% g [ i i

Cavity 1: air Cavity 2: silica

Annular core

A L
—p——————{

Mirror 1 Mirror 2 Mirror 3

F11 % F HACF 8y FPIf &k 5 4 Hym &
Fig. 11  Schematic diagram of the FPI sensor structure based on HACF""
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FP1W A8 & 1 0 JUAS 76 2 T3 600 “CHY I B2 0 B P, 1% 1% i LA S5 AR A 38 P8 R A0 L IR %2 0.682 pm/°C, $iL
i g A5 5 3 B 22 T 1) 28 S A R AR 3 0.012 pe/C

2019 4%, db 50t 28 il K K% ZHANG P H &8 T — Fh JE 1 8 5 A i1 4 6 £F (Sapphire Derived
Fiber, SDF) i) FPIA& k& , A1 T 5 i FR 458 o 109 07 A8 T dt | L4549 /s B R A ) 12 BoR , SE g 45 SR R W], 76 20~
950 “C IR B Bl Y, 1A% TR 7E 0~1 000 pee 31 Bl 14 13 4% R A50RE 7F 1.29 pm/pe b T ik 8h , HL itk 2h 3 Fl Bl 318 )32
F14) T i T 38 K, 3 AR X i sh A D

Splicing v Splicing
- Z »l
L >

Cladding Cladding
I, 5 .
o
->|d
Etched Single Mode Micro air Sapphire Derived ;
Fiber (ESMF) bubble Fiber (SDF) Capillary

K12 FPIfERBEZEMTER

Fig. 12 Schematic diagram of the FPI sensor structure'”’
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ZEA N IE BT - R T 3 {0 (Mach-Zehnder Interferometer, MZ1) 621 5 150 728 45 B A8 1Y AF 5T
H23H LD TR LF MZIAL IR A8 1 25 W Fh 2 22 (0 22 800 3P 1 0 L P s S0 ) 30 g A /0
EF MZIAR s T [R) s D0t 9k 3 R 6 A%

20184, JR M K ZHANG N S5V HE T — F 3 3 AU 25 T 5 (A0 i 8 6 £ 4% 8 &6+ 1 00 3R
FUNAZ o A Rk 22T MZIAR EALH] , i — MR B9 WA 17 B HEIE Z 8] 51 A ) T HEJE 20 B, 55 40 45
SR W] AR IS 0 IR R U 87.8 pm/°C, N A8 RABLEE R 0.7 pm/ e, %A% 2 AN FR BRSO 2F i AR 1 AR, A0
& AE BT H B A SR, A VR 2 78 R TR M o 20 Js #2142 o U0 0 R0 Bf 42 B T

2019 4F , p B A K2E LIAO Y C R T —Fh BE F B4 JE 6 2F MZIAL 128, 6 2F MZL &5 #) iy 9 4>
HETE By PRSI 28 20 1, A% A 38 2ok TR B AT DU SRS 0 IR T = 45 R, SE U 45 R AR U] FE 80~950 CHY IR
JEE BN A TR T I BRI 8 00 3ok A b R B R O 4300 R 0.114 nm /°CAT0.116 nm/°C, BA B 4 19 i 2 i)
INE L BE R Pk A, 0 A A B Y N AR R BRE R 1.33 pm/pes

AR, Jb 3 38 38 K 2% ZHANG C B 4872 1 T — A 3 T4 3 BUN 6 £F (Twin—Core Fiber, TCF) i fi %
TCET AR A SR A A% SR AS S5 KA P RIOCZFHEAR 43000 R 55 HER RN T IR HER . SEI0 25 R W, 7E 0~841.5 pe (i)
R U T N, A% RS B T S I A AR R AR 4 )k 3.31 pm/pe A 6.11 pm /e, R RBUE M 0.69 pm/°C, 1%
e S ELA R 08 I a2 M AR IR A IR B R RS A R TR A A

2020 4%, B LS KAF LIU TSV T — Rl 3 T BOR LR 1) MZIL 8 IR AT T SE B0 500F , % 1% Ik
7 B SMF Z [a) 94 3 — Be D BB 4B %, 2808 2 h 9 # kb 28, A% 88 78 27 21 1 000 °C i L B2 ) &
FE I H A 0 A E I R L TR R A 48.2 pm /°C L W AR RAKE A 1.5 pm/pe, JEA B SR A IR
o A8 A8 L RAFREAL R 0.031 1 °C/ e, 2 — B A8 AN BHURR Y 6 £F =5 IR A% Tk
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201447 ARRIE T K% TU Y S5 BT — Bl T w8 18 350 10 245 4 5 48 1 W 00 149 4 I 3% RFBG i 728 4%
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2019 4F , AL mUi@ M AL AR DFFE T L1 Y S5 1 T —Fh = iR A 4 326 10 Tt 55 TR 9% 4 D6 £4F EF P A8 1% )%
2o PR SR RN A 13 TR o A R T AT 850 °C i ik , 8 o 0 BL T, %k R TR () 7 A5 4% 35 B R AT
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Fig. 13 Schematic diagram of the sensor package base'"”
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Progress in Research of Optical Fiber High Temperature and Strain
Sensor (Invited)

YANG Hangzhou, LIU Xin, NAN Pengyu, XIN Guoguo
(School of Physics, Northwest University, Xi'an 710069, China)

Abstract: Optical fiber sensors have the advantages of small size, low cost, high resolution, compact
structure, strong anti—electromagnetic interference ability, etc., which have been widely used in structural
health monitoring. The application of optical fiber high temperature strain sensors in the high temperature
and harsh environment in aerospace, petroleum exploration, industrial smelting and other fields has
attracted more and more interest of researchers. At present, thermocouples and resistance strain gauges are
commonly used to measure temperature and strain, respectively. However, both of them have many
shortcomings. Thermocouples are very expensive, low precision and sensitive to pollution; the resistance
strain gauges themselves have very high costs, short service life, complicated pasting process and low
measurement accuracy. Therefore, there are so many challenges for high temperature strain sensors based
on electrical type in high-temperature and harsh environments and it is urgently ask for developing other
kinds of sensors to be used in these environments. Optical fiber high temperature strain sensors are one of
the most important sensors due to their many advantages. For example, they can be protected by ultra—high
temperature ceramics, carbon/silicon carbide and other materials with mature preparation technologies,
and can be used for thermal structure health monitoring in high temperature environment.

It 1s of great significance to explore and develop optical fiber sensors that can be used in high
temperature environment. However, when optical fiber high-temperature strain sensor is used to monitor
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the temperature and strain of thermal structure in the high—temperature environment in real time, the sensor
can respond to temperature and strain at the same time in the demodulation process, resulting in the
problem of cross—sensitivity. In the process of strain measurement, temperature affects the measurement
results at the same time, resulting in a large strain measurement error. How to solve this problem is
particularly important. At present, there are two demodulation methods: dual-wavelength demodulation
and temperature compensation demodulation. Dual-wavelength demodulation method adopts dual-
parameter matrix to demodulate temperature and strain, which can cause large measurement error in high
temperature environment. In the temperature compensation demodulation method, one of the sensor
structures is protected by adhesive package, so that it only responds to temperature, and the other sensor
structure is compensated for temperature. However, this method is only suitable for the experimental test
in low temperature environment because the adhesive is not resistant to high temperature. At present, the
research scheme and technical route to effectively solve the temperature—strain cross—sensitivity problem of
optical fiber sensors are not clear, especially for strain monitoring at ultra—high temperature. Therefore, it
is an extremely urgent problem to design the sensor structure and improve the demodulation method to
realize the accurate measurement of temperature and strain in high temperature environment. The
developed optical fiber high temperature strain sensors should not only have a more reliable demodulation
method, but also largely solve the main technical problems left by the current optical fiber high-
temperature strain sensor.

In this paper, sensing mechanisms, experimental methods and packaging applications based on FBG
and optical fiber interference type high—temperature strain sensors are reviewed. The response
characteristics of different sensing mechanisms to temperatures and strain are summarized and the
measurement parameters of various fiber optic high temperature strain sensors are compared in table,
including the measure range of temperature and strain, the sensitivity of temperature and strain, and the
latest development of optical fiber high temperature strain sensor is introduced emphatically. Finally, the
perspective of optical fiber high temperature strain sensor is forecasted.

Key words: Fiber optic sensor; High temperature strain; Fiber Bragg grating; Fabry—Perot
interferometer; Mach-Zehnder interferometer; Temperature and strain measurement
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