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Structural surface temperature measurement method
based on fiber grating-Farber cavity sensor
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China; 2. Research Institute of Aero-Engine, Beihang University, Beijing 100191, China; 3. AECC Sichuan Gas
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Abstract: A surface temperature measurement method based on FBG-FP sensor is proposed to meet the demand of structural surface
temperature measurement. This method can compensate the cross-sensitivity of strain to temperature by acquiring the temperature and
strain information of the measured structure through FBG and FP sensing simultaneously. This article analyzes the surface temperature
measurement principle of FBG-FP and designs the main parameters of the sensor through simulation. The two-parameter minimum mean
square estimation algorithm for signal demodulation of FBG-FP sensor is proposed. Then, a comparison experiment between FBG sensor
and FBG-FP sensor is conducted. Experimental results show that the linear fitting correlation coefficient of temperature measurement of
FBG-FP temperature sensor is 0. 998 4, and the maximum error percentage is 1. 46% in the range of room temperature to 400°C , both of
which are better than the single fiber grating temperature sensor.

Keywords : structure surface temperature measurement; FBG-FP sensor; minimum mean square error estimation algorithm

A 7 T 222 T A A A IR
A4 G PR E) TRRERIIT Y L T FBG I A K
2 R 5 25 TR S, 35 0 e 5 31

AT AN SR fiber Brage grating, FBG)MMEEMCEL  (ERRAANT 1R, 145K ZHCH LT, 480 BLE 15
ARATLE RIS ARV RBUER BURRES TIC I RS AU o R B, BT 5 B B

0 5l

il

Wk H 1#1.2022-07-07 Received Date: 2022-07-07
* FEATH  HR A RBIEIE4 (51975077, 52175530, 61875023) FE KT H AREMEFE S (estc2020jcyj-msxmX0948 ) | e 1 1 56 4 FEABL Il 55
7% (2020CDJ-LHZZ-071) 15 F % Bf



5511 40

T A T OET UL 31 A SR (Y 2 Ky 2 T I R kD 7 41

SR, FERELONE BEBR S A5 R IR M 5 6, 79
1) FBG 15 281 23 PR A il 22 3 BUR R iR 22,
M5 22 B AR AR A M 7R 250 2 TH . Y FBG H %
WIS | Wh SR 23 52 BN BE A B K A >R i A2 2w, PRt FR
]G 4 3 G ol Y % e A T A T Ui B 7 7 28 SR
PEDT AR, R B ke R b 4 B v IR
I AR A SUEBURR PRI 9 52 B T Rp 82 12 6 IR I T A
[Fl fe i )y %0

2017 4R 2 R IE TR BRI SOk Ak 0
(fabry-perot, F-P)BEZ 3k FBG 1% /84 ¥4 FH IR R 28 XL
0N 7E 50°C ~ 200°C HLEE G Y, FBG AFAIE I &2
REGIE N 10.09 pm/°C L PEE =T 0.95; F-P - IES
WK AR JE RAE N 0.98 pm/C L L VEEH T 0.98, FF
P&t 0 A% SR AR 2 A8 T LA DB FBG I 32 7 A8 28 SR
P AR IR A% BN M LU R, X T 45 4 R 4 v L
W £ S3m G, A1 R R . 2017 & Markowski
GO S T T R WOE A PP 5K
i, JFE B R O i A R LA B T U i Y — B
Bobr o 25, SC BT N AR R BE S B0 &, 7E 30°C ~
130°C it BESE FELA il B2 R By 113 pm/C, Firdi i
P A% g 25 A W ] 52 R A m) AR AT I 3 1 A48 L2 B
S, (H Y IR s AR AR A it RS A S K B 2
SRR HSRBOCREATE . B, 2% 07 75 A2 7 T 5
R PR, 2020 4F Quoc 25" H 7R AR JE4F 25
FCEF ML 0 i A% B, mT LA 2 A ) A il R A
eI i B o 2 S S U B 5 0 A8 XS K g, &2
FHAE 7 S5 {E LR i o 27 DRt Sl 4 S 288 25 52 R B 52
Wl AR, HLZ5 A0 B 2 AN R T RFLBEHE T N, Bl B e
ARE A R WA 58 2 40 7] 19 FBG JE Bk 33 I A
ATRE, Rk AU i LR G B (fiber bragg grating-
fabry perot, FBG-FP ) J¥ 4544 5% 9L Ik B 5 vk B2 i) [l Bt il
e, VR R FBG-FP R SR I AR XS H
EL 7 A5 I S R /0N 24 L R PR R R ) T Tk kAR
TR 2 G B R I 7 A 1) 0 AR 5

M T FBG-FP & R 55 W& T ¥ R 80
2, DRI RT D2 B 0 A ] RE I R N AR A B
2 N 0] 1 8 %o YRk JBE A 5 | S B4 A R T Y IR R
Mg, ACHERAH T FBG-FP EME M FEIE 8T
B SEON HOGTEFREE DL S RS BE R 52 e, i T
R IRES T S H0, I3 T —FloT ) i 8 530 X A% B
{55 BT R, LR, 38 2o 35 A B R0 N AR bR S 5
BRI A I B RN AR bR E R, RJE a5 R
LT ML B A2 R A% A X LE I o S B0 UE T
I DIE R

1 ME/FEE

1.1 FBG-FP BEfE BSR LM E D4R

G AL B S5 0 A 0T 2 PR A G e B Y 45
Fa AR T LAAR 5 G 25 e 09 BRS 217408, e
A FE B 2 LR I bR — o PR B d R, B
SitR EEE 1 Fros, Hr 2 FOREOL
L, ERTTEI N A,

FBGI d FBG2
a(0)«— — a(L) a(L+d) ~— — a(2L+d)
b(0)—| —> b(L) b(L+d) —>] L b(2L+d)
0 ~H " N
L L+d 2L+d

K1 etk HE s K
Fig. 1 Schematic diagram of fiber grating Fabry-perot cavity
AR AR T LAE S ) FBG-FP B A SR 3%
R
2R,[1 = cos(2d, - ) |

Ripoorp = 1+ Rgz - 2Rgcos(2</), - ) )
N :
Fsin (¢>, ) ) W

1+ Fsinz(qb, - %)

A1) HaT T, 583 A 7 3 T B UM HE, FBG-
FP B RGHRF R AT 2 T — IO I e B N T 1 1%
BRF ¢, JEH, T FBG MR REL r, LT WK A
I RRAR, 3 FBG-FP i HAE FBG 1 T I K A B AR
ZE )71 S Y0 Bl AT B0 R 5 I S PE . BIY FBG-FP
W RS HAE FBG 1R 45 56 N A T b g, Rtk 24 A
[ RFHE I K FBG-FP gy [al ke ] LUK

M0 1§, FBG-FP /Y 2 4> FBG BYH.O UK A, B8
1543 nm DEHHCE L=1 mm, ft RS R R, =20% )t
HHATEE d =3 mm B, o5 R 6 A 2 s,

0.20F
0.15

B

®| 010+

X

0.05

1542 1543 1544
W/nm

2 FBG-FP RIS
Fig.2 FBG-FP cavity reflection spectrum



42 f# £ ¥

43

A& 2 AT, FBG-FP B T 45 80U K3 Fl 3 28 41,
Wil F-P R SHOGIEE S e e — 3
1.2 FBG-FP RfeBisnNEFIE R FBAHA

1) FBG-FP i {4 AR o Jr 3

4 FBG-FP 1 FBG B S 3 r, <1 I, A7 7E T I Y
ERISER .
dmn L,
¢—Mn%—jrf
BEBT, = (1) RS 1T AT LS

47n L,

RFBG—FP(/\):ng2|:l —cos( )‘ff 1P):| =

R (A) Ry (1) (3)

FAILAE H, FBG-FP & (1 R 6 A T g e g, I
TR R (M) =21, (A) |* S FBG [ RUHE 5 B
BIFLL%  JGI R, (A) 5 F-P R HHE S BDGIE R T 815
5o FBG BT HiAR A IR S I 1 A 45 o KA 1z
BARALE , X5 A FBG IS, i BE o A8 52 M 14 2
ALK o PRI, AR AT FIAS 25 A8 A, = 2n,,A, FBG-FP
JEE R BT 1% 19 A0 28 R e (A ) B KBRS L B 38 K (]
FBG-FP (08K A ,) 284k i FBG (7 F A% K Y
A RE

Ax, An, AA

Ay - n, * 7 (4)

R FRE A P ek 1 A A8 SRR | X 2T A7 3 B 1)
NEARES R 73 BRI SR E 2 A5 (1) B
ASIERS L BIRZME  HE TS A5 (2) SOERUNXS n IR
[ ek B8 ok A8 X 5 £F 1 5% e, 322243 Sy 2 A U T
(1) BZRCON T L 52, ST 0AE A (2) BOBRON
XF n BRI R NN AR W] B A 5 FBG-FP
FER, AT A

Ap
K. HPOCRE, o HIEIK REL P N HOCRE AT
RS e I A, FEIZRIZKX P 0l P TE
— 5 OBl N B TRk B, T AR Az =k R

AX, =K, AT + K, e (6)

Hor K,y FBG-FP w1 R A0S 7280 K,
9 FBG-FP Hu A 4 1 A8 5 80 52 85, 3 3 3 32 R
ARRE L A £5, FBG-FP i B9 I 51 6 1% i 55 — 35 4
Ryp(A)= [1=cos(4mn,L,/N) 152 T F-P JET T
B ATSZ IR . SO S0 TE A AE B3k B R
I, > FBG-FP 6 [R] B A2 305 85 60 7 742 52 e B, ] 4+ Js K Y
A i

AL,, = K,AT + K,& (7)
K. K, 24 FBG-FP K AL EE 2 8% R4, K, i FBG-
FP R 14 1 AR R BHURE R85, 8 ok I 0 A A A S B AT

(2)

=({+a)AT + (1 -P)e (5)

o Bz (6) F1 (7) AT LIS R A AR L i
K,A\A, - K,AL,,
AT="" = (8)
KK, - KK,

= (8) AT, it % FBG-FP Ji 1) Fz S i 47 i o1
153 FBG-FP A48 bt K AR fk i AA, Fl FBG-FP Ji¥
HIE AR AL, i n] AAS 206 B AR b ] AT=T-T,,
FRARIEWI LGRS T, , 8k o] LIS B Y B R 7

2) FBG-FP L LR AR

1 LIRS HT T AL, FBG-FP I (4 S S 5 5 £ 22 1
F-P W55 5 FBG JUHHME S A HI TS . XT F-P T3
B, Y ASHGIR 2 i, RS AOEERE S R,
(Lyp, M) RSSEGEHIERK L, A%, BB, R
HEIE e N B L et R E B R R,
(L, A) EEMEER L, B8, I B AR 4
TTIEK L, MPTA AT RR(E, YA s K L, 21k
B, PREL R, (L, A) BB SR AR (R L), =
L, B, W15 5 89 B /D3 J7 22 ( minimum mean squared
error, MMSE ) B2 {H £ /N, #4036 {5 5 2 S5 5 0 B A
it DT AT S B0 45 00k B Y i 0, T) B, X
FBG MR AHEE S5, YA EIR—E B, 40
TEIRIES Ryupe( Ay, A) REHLIER A, A, A, B,
e RS S BRI A 3, IR, iR A
—BFHRBR, (A, A),EEBEP LK A, KR
B, AR B O B A, BT TTREAE, 2S4S A
WO A, R, Rt S R AR, H 2
A=A, B Pi{E S 19 MMSE ) 82 {8 fie /N, #9115 502 5
DA B e ARAG T o AT AT S 3 Hh o D K P i o

HIE , 4 ASHEIR—E B, £ X% FBG-FP [ (4 %
RAHCIEES AT I s — Sk mER L, 5
HULDER A, IRREL R,y WNF .

Ripe (A Lip s A) = R (A, A) Ripp (L, A) =

4mn L'
R;’B(}(A;,/\)|:l _COS(;:fFP):| (9)

RIS HORE T EE T FFH MMSE 1 0] | SR i+ i
PREL Ry TS Ry 19 MMSE $1224H
M (R;‘BC—FP) = J’IAFPmmJ/\Bmm(R;?BGFP - RFBC—FP) dLFPd)‘B
(10)
MORAER B FBG-FP & B9 & 41115 5 B BB R
i, 20 (10) BR8] SR R fs L B .

L Epmax® Bmax

MZ(R;‘BC—FP) = 2 2 (R;"BG—FP - RFR(;FP)Z (11)

fE52 Wi BB, o T L% 1A 0 6
value (X,Y) .

value(X,Y) = (12)

Mz( R/FB(}-FP )



5511 40

T A T OET UL 31 A SR (Y 2 Ky 2 T I R kD 7

o X =L, RS ERAE, Y=, A P (E, 2
X ST PR ROE K Ly, Y S TR OHEK A,
I, VAT RS f K AE, AT T SE B FBG-FP AL 2%
A

Xt 2 {5 EOGRE (0K A, =1 543 nm, 25550 1
JEK Ly =4 mm) $EAT 07 24500, s B K A =
1542.75~1543. 1 nm, [A]B& 84}, =0. 1 nm; #3280k
WK L, =3.9~4.0 mm, [A]}% SL,, =1 pm, 1527 bR
BoE— =S R g 3 R,

402 400 398 396 394 392

43
45 710°
0 40
58 35
~ 30} - 130
g 25 25
i Y) 20
£
X 15 1.5
10 10
05 H 05

PEMHE/(nm )

x10°

(a) BEAEBR A

(a) Overall rendering

4.0
35
3.0
2.5
2.0
1.5
1.0
0.5

4.0
4.01 .
4.00
3.0
g 399 .
£ 398 :
¥
& 397 2.0
3.96
395 13
3.94 1.0
399 0.5
392

154275 154285 154295 1543.05
BK/nm
(b) ML
(b) Top view
45
40 | 4.0
3.0
2.5
2.0
1.5
1.0
0.5
15428 15429 1543.0 1543.1
WH/nm
(o) EME

(¢) Main view

HK/nm
(d) ZZAA (7,=1 543 nm, L, =4 mm)
(d) Left view (£,=1 543 nm, L =4 mm)

K3 EOCTEr 75 22 0FH ek sl R
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Table 3 Analysis of temperature measurement results
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