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Abstract: To eliminate the temperature effect of Fiber Bragg Gratings (FBGs).a new thermal stress
compensation mechanism and an online-forming technology are presented to design and manufacture a
novel FBG strain sensor. The sensor can not only compensate temperature drifts, but also can enhance
the stain sensitivity,so the weak adhesion and glue aging in packaging processing is improved. Espe-
cially,the sensor can be used in the stress measurement that can not be realized by traditional tempera-
ture compensating sensors. The experimental results indicate that the sensor provides good abilities of
temperature compensation and strain sensitivity in 20-40 C. In measurement ranges,it shows a near
zero shift and a high strain sensitivity of 1. 69 pm,which is 1. 4 times that of bare FBGs in the pro-
posed self-compensated package and is coincident with the theoretical calculation well. These results
prove that the sensor resolves some difficulties existed in optical fiber sensing fields, for it has temper-
ature compensated functions and strain-testing functions simultaneously.

Key words: Fiber Bragg Grating (FBG); fiber-optic sensor;temperature compensating; online form-

ing; strain

Y 75 B #3:2008-09-01; 4&1T H #4 : 2008-10-23.
EETH K H KRB ¥4I H (No. 50778116) ; Jdb4 H 2k Bl 243 4 %% B35 H (No. E2006000389)



2070 e KEE TR 5517 %
WA N
1 g] 'c;:r‘ A= 2n4A (D

UEAEA  SGET EAMTE G 2T A5 I U 32 21 1 K
SR TE » L R 8 22 i i 0 ) T 6 AR i BE L TR
03 L A B 9 S A S e Y AR
TCEF SEAM 4 O B S K 2 B B 3R 5 1 AR A
IV 3 BSOS T e A AR DI B B R i
323 KL (5 MEDBROR  pl I 5 | Ay 00 e 45 2R 1 A R
SFREARGEERRN S L. BlnxFH K 1550
nm [EEF AR YL 7E — 20 ~40 C A IR EEAS
90,7 nm, 3O AR BORBLZ A o A9 Bk
L A RS G ET I Y PR 3 R A T 3 R A

T AR TR — BRI 2 2 4 2 T X
FOEHG TN Jy BL . Bl G W, Yoffe™ $2 i FH M
AN ) FAIZ K 2R B30 < J A A T 28 5 L. Yuan 45
NABHAT T IR 2 s Tsad S5 AR T
— T SRR A SR ORI LR
R SCHR I e 1) 7 0 0 it B YE M it in 057 77 5 FL S
IR AMAAERE S AR . (H T 325 R
(18 i Ot 45 M R 80 43 A R 42 i A0 5Tt i — €
TN TT + 5 5 3 ORG H AN 22 sk AR 0 78 il DB £F
VEMHC IR E PR 22 . SCHRL12 4RI A9 31407 50R AR
AN BRI ) AR T B R )R T e HE
R R AR B R B4 0.1 pm/ €, Iwash-
ima T 48 A4 SR T 57I2 K b1 OREEAT 57 B
V5 SR T TBORS AN TR 5 5 6] B 3 28 W)X A T
T SIS IE e I R SO R AR O R
TEEF MR BE AT AR 1 pm/ CY o SCHRLIS 2R
T ARSI AR e BB — R A T2 R WA R
S AT A . T X S G K R T ik TE
I AR HORE T TR AR AR A A b b
I7 iR FAR IR L) 5 B — P 53

BEXH e 2T 1 it BRAT 1 Lo TR) L, AR SCHR
— Pl R R A 2O T2 A e £ S AR
F A I AR AL J gt AL AR AN DUSE B TR R b
o i EL AT S B AR 0 A o 1 S R OR
AR TR AR TR RS LA Rl B A ) A R A
RE 0 £ 17 A28 ) )

2 AME R A M ik it

2.1 BEIMREE
H R B W] L DG £ A BAK% G M A A e

O n AR B BT S A S R .
DA LUE W AP W An B o F1 A B0
TS o 2 2 il 1) 17 g A Y s B A A5
B snefl A 325 B AL, TR EXT As (19520 32
B PO 5| Y G LR AT I 2R e Y A8 b B #R
T 80 5 2 1 S A R B g el s L MR AR Sl &
AN AR, H A e R AEEE X — AR T
FEHIRE R} 32 1 3 AE T 51 nee 19 48 Ak GXFP 42
PRGN ) 5 73— T T2 YA A4 R 52 B A
A FLAOUL R 2 R A RS, AT A & AR kAR

S 1 VR i 5 R B LR 1 AR b
AR &t e RARIR

A= Car+8) Atdy (2)

Aorp Ax O H FRERASE R A EERE, o
R CEF BRI IR K R B & O AR BRI B0
B A Ry A BRI A BRI B ) AR AL, k) B ARy
BBOLA kUL, AW BRI =7 0 X
10°°/C K R AL ar~0.55X10 °/C, Hitk
XFF A A 1550 nm (956 B 3 (2) 3154 i e i
T B A 11,7 pm/ C

YOELF M K A AR I A 4 kAR
B, JLI R (1 i 5 5 0 A8 m] R AN R 2Rk o R AR
N

A= (1—P)Aedy» (3)

Ao Ax FRM ARG As IR IREE. P R
JERAMEH B Ae g VAR R BE . 4 LR (1) A e B
BOGEF, P.=0. 22, % A5 7 1 550 nm [ 64, B
3D T FE A AR B Ry 1. 2 pm/ g
2.2 Mgt

WE 1PN G285 — Bt ek 1, L & ok
FIANE R 2 Tk R 3) k. Horp, # kL 1
VR A B A TT A B R} 2 4 kg g AR A% 32 T 1 o
B3 K 32 B8 A8 1 Y R AR B AR A P A 1 1 A
M.

- T
7. AR ~

| ! N
S|

FBG PRI bPRIR2 R

1 fRIREEs s R
Fig. 1 Scheme of a FBG sensor



59 FONZE A R TR T2 ROE L U L s 2071

Tk 5 0 7 389 RT3 O R S 4 v K T
B, 2l AR 5 R 1 KBRS it 5 3R B T Y
KRS AR R b ™ A% Hb R 2 T ) A R, I
T DAAH FARTH o DT T B U B R R AR A L 3R
F 5B AME RO . I, B S B 6 £ O i i TR
JE M L R AL SRR R 1 Bl 46 T S B0 Ok
A I8 B A W g B G T R R A Ak e i I K T
o AL A B I A G 8 4 R B A RS
D2t A R A Ak | 1 I8 KBS R kI g
A i I I R IR e AXL A BRI L R
AN = —AX, €))
AR (2. (3. HF:
(ai+OA=—(1—P)Ae . (5)
BT e S AR 1 2 2 A — A ]
LIRS I R B o Ry 0, X T BRI B A
PHLF . AR RE e~T7.0X10°/C,P. =
0.22, A4 KL 1 AR K R BN N o, = —9.0X
10°%/C,
R A ST ) AR L A% B AR A 52
SO AR 3 MK Ly SRS, AR 1 46 0
R BE A5 T A RE 2 A g e L B
AL, =—AL,. (6)
X LR ) 5 B A R« 7 TR IR 1
T bR 3 2 il T I K 1R R A R A
% R ASORE IWG AE R TR 25 R R 1 i by 0 45 4
— ¥ R R TR 1 R A B B S TR
JEE 0 T R (B AID & A # Tl (e o (R AL IR AR
AT 1 285 A AR 2 A 1 i A 92 A A IR B 5
M 7 325 o, P 2 40 A 1) A2 T (s A 48 BT A7
3BT U M2 P R, A T 5 A AR B ek
A5 3 A P K Cl R 4 ) 5 3 S 45 # R A2 A
IOE 3 0 A B S T B L2 FR G A A % a2 A
S Ml e HE Ok
B 2 5D FI T, R 1 7E 5608 2 1N )
MEAERTGRESTE 1 CRREREMNAEN &
=—9. 010 A, A] 52 BT 56 £F Y6 M i) 58 4 4
EH ¥

e =—9.0X10 %Az , (D
AT B 2 KA BN AR H .
:ALQ _ _€1L1

L
— 6 Pt
L L, 9.0X10 "At L’ (8

€2

G T3 77 R

€:%+a,At , (9
Ko, IV
a (R
T BE Y A2 AL 6
EAAHRE R
s:§é+a,m , (10)

A F, IR T) .S Dy b s B Tw AR

MR TH R I T AORE 2 W FBOR L AR
122 BIMRE 2 M BF IR T S 80 R 1 R A I
A

FRE L R H) J5 AR A

3!

e =g g Ta A (1)
R 2 By ) DT FE R -
_ F’z
€z*EZSZ+a,ZAL. (12)

TE# PR TS AR I8 4 4 5 — 8 1 MR
1 FURARE 2 A BLAE T ) K/NAR 4 L B
F, =F,. (13)
Bear XD A2 LA A3 Ak F, #
F, G515 .

€1 _arl At_EZ . %

e2—a, At E S (1
FARAR D B L Ar 515 .
L +9.0x10°° S,
i - :% . g— . (5)
@, —9.0X107" » 7~ 7T

b CRI A 1 e TR B A i A R it A X

N RO M A B e 9 LA AR TR . AR IR
i AN B2l B R o A T R I E B S5 R 1 L A
3 TR I 45 R 1 IO AR T e AR R A AR TE L R AR
WA K e LU AL L H A -

AL=AL,+AL,. (16)
WAL R 1 S8 2 BN Z HE A
_F
6_1:le1 :SzEg
€2 F S\ E, "’ 1D
S, S,

A



2072 e KE TR 917 %
AL, 1848 A ANDO 23 &4 7= B9 AQ6140 Y625 56tk 41

6_17 L1 7AL114_1

e AL, AL L, (18)
L,
a7 Bk A 1%
1k
:7[’1 (19)
€1 1+14_255€ )
L] SzEZ

2 (19) PV A Jedi 1) I A8 A2 R 5

WS E o N
E§1§<1 A e, >, BIVRT 52 Y I A5 144 45

Pt e 00k R RORS

A SCRT IR 0 A% I8 0 AR S 8 < bR
LRI AL 2 B A i AR S5 REEAHAE . MR 1
VR R E, 295 75 GPa 245 . MR 2 sk
B E, o4 210 GPa £ 47, B UL, 1% 4% 76 4
TIER = AEEAS Bl e, =1. 47 e=1. 76 pm/ el ,
AJ SR S B B S R B 1,47,

3 % B

eI as B AR S R AN T - 1 B TE AR 1 B
B g5 i AR R ARG A3 B AR 1L AR 1
9 i Al i 78 A A 3R T R A AT AR R T
170 'Co ph T 2L i 2o i oK D' 21 e A A
RO IR R 1 58 M s 5 A — i . BT A 3K
A DR R AN AR BR AT APRE 2 SRR 3 Z IR
RO LT A & s pRE 3 SR 1 Z IR A
R IR %

O A AR R P 9 T < g A2 SR Al A BT R T BB S
B HL b HEAT S A A R W A 0 A R

il JEE A2 TR P S T < o A5 S e L AE R IR
fE R A o P e i O —20~40 C LA 10 Co—
B AT IR AN . BTN B AR ANDO
AT AQASS FEAT GG IR R X

AQ4315 Cryostat

F—————————n

AQ6140

K2 gk Bon R A

Fig. 2 Scheme of experiment setup
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