H37 % A5

H Wt Vol. 37,No. 5
2010 4F 5 A CHINESE JOURNAL OF LASERS May, 2010
XEHE: 0258-7025(2010)05-1290-04
BB e bR AR B X B PR 5
xAa

(P RE AR TR B, 1§ 200092

g—é
Bt EX®R' B &' EEX
5 2000025 ¢ o[ BRE BE bR S UL BFSCFT . 13 201800)
B SRR TR0 JGETIGHR (PEG) ISR 3 38 65 7 4T B b 2 12309 030 0525491
3 3o IV 3 53 R0 i 2 (4 T O 4 (4« 0 B A £ R O 7 0 4 T A e
Efﬁ%k%ﬁﬁ?ﬁ@ﬁﬁ%%ﬁ%?ﬁ%~%f*%&%%%ﬁ@v%4%Wﬁ@%ﬁAtﬁ%uﬁ%
BRI . X EEE G 10 55 00 WA A ) LT 22 0BG % Ansari S {6
B0 o G B S B 0 35 43 8 T 4
SRR LT B BB ; [ 2 s YT S M e 1
FES %S TP212.14 XHktRIREE A

o1 AT B AT S A e
doi: 10.3788/CJL20103705.1290

Basic Theoretical Model and Its Experimental Investigation for
Standard Embedded Sensing Fiber Bragg Grating Packaging
Wu Yonghong' Shao Changjiang

Qu Wenjun
Shanghai Institute of Optics and Fine Mechanics

Zhou Weli

! Cai Haiwen®
" College of Civil Engineering, Tongji University, Shanghai 200092, China

Chinese Academy of Sciences, Shanghai 201800, China
Abstract Aiming at the most common and reliable way of packaging-embedded packaging, theoretical and
experimental studies on standard packaging design are conducted. Through the analysis of boundary conditions and

deformation compatibility conditions of established optical fiber strain transferring analytical model as well as existing
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main strain transferring characteristic equations, a determined strain transferring characteristic equation is

developed, and thus an universal strain transferring relationship is established, which may serve as a basic theoretical
adhesive materials
=]

model for standard embedded fiber Bragg grating (FBG) packaged structure design. The tested results of packaged
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models show that strain transferring relationship sestablished according to classic shear lag theory and Ansari's fiber

optical strain transferring analytical model are more reliable for packaged structures containing relative low modulus

fiber optics; packaging design theory; solid mechanics; fiber Bragg grating strain sensing
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Optical Geometric Mechanical
r./pm 62.5 E./GPa 200
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S5 I 1R A Istron-5880 ] MR N4 & 4t - KA )
Micron Optics 2y & 4 F= LS Sid25-500 YE£F 6t
PRI AT B AR AR VAT I i, SR
U2 SR AR I B BEAE A 4 RN BT 2~ 18T 4 R

i 2~ 18] 4 R DL 7RG 45 T2 9 5T U0 R IR

IS o 77 A 336 1 3 SR AN P {E AR — 2. T BT U
10 ¢

——&@— calculated

(o]
T

— —A— - tested

> (o]
— T

Do
—

Caculated or tested strain
/(10% ne)

(=3

400 600 800 1000

Actural strain /pe

200

K 2 BYIiE - Go=1.57 GPa I 19 3% {5 F 92 56 {8
Fig. 2 Theoretical and experimental values for shear

modulus G,=1.57 GPa

Actural strain /pe

B3 BT ORI G, =0. 172 GPa I ity BE 2 A0 52 56 8
Fig. 3 Theoretical and experimental values for shear

modulus G, =0. 172 GPa

10 -

g - ——e—— calculated
82 8r
« I — —A— — tested
B [
= -
e
P L
(o=

~ 4 [
Fal:
< L
B 2f
2 [
< [
O . 1 1 1 L L 1 1 L L 1 1 L 1 J

0 200 400 600 800 1000
Actural strain /pe

B4 BRI G, =0. 084 GPa i i B4 (f F1 52 36 {8
Fig. 4 Theoretical and experimental values for shear
modulus G,=0. 084 GPa
B Y ORI 2 B 22 e O R KRG R
FeF 2 B BT FS K Ansari I 28 1% b 43 A 4R 80 15
2 A FEAS B AR A, O ol A ARG RS 4 A1 RHAY Y
3f 2B 2 Y 14 1 7 A 3B A3 AT B A AT R . R T A A
FERRHAAE D0 » 5256 o0 14 1% iy A2 0 3K (i 70 3 18 (6 AR

2l Rk 10,
2.6 HEZITHEEEZR

1B G LT BB 25 4 i DL Ak B it o 02 da 2o 3 € 51
1% 50 0 2 S AL Y 1 A2 A% 3 SO - R X — G
AL SR SR 0 08 BT R Y R ARG . o
BETUPR LS R n] S M 0 B R L A A A5 A B LA B
HEAR I ) 20 N E R . WOPR N A A 38 OC RO B
PR EA IS B, RN R, EAHE
SE AL 23 A Y o B S A E B . B ARG A Y N R
1% 3 B4R 5 L B RS 22 [A] o A7 AR B — 20, SO
HOP JE R 20 OC R Lt =2 ) 75 3EAT B A A, LA3k
B B A 1 I T

3 4k v

2T et AR BUAT 3 A S A A A 3 O
ek BT SR AR 2 2 4 R O A A% 1 R AR T e



Sﬁﬁ %7]‘(21%

A O £ S M b v Al 1A S 28 1 B8 5 S 50 5 1293

BF s XoF i 722 A2 356 3 B A5 TR 303 B 4% 0 B4 AN [ 32 BT
A B o 383X B R A RN AR TR DR R A5 DL OB
2 B AR A% S AR T AR 04 43 BT, AL 3 R BT A X L
2 ) AR AL 3 R A O A L A9 B 5 — 1 OB £F AR A%
OGRS HENLOGER M A B A 2R B g — R
AR ] AN [R5 S (10 RG 25 B R A 1 2
FEAS 1 52 30 3 3R B, 56 1 8 BT 3 98 I Ansari
IO AR A% 3 43 AP B AL AT 3] 1Y) e AR LB AR AL L X el AR
L (18R 25 A RL A 8 1 2B A AR B BT R 43 BT 3
ALEE R T AR R R I OO BRI (R AN S
EAHZEE R, HE— 25 W F 5T TAE K 45 & LR g {2
S AR L B Y 2 A 100 ol R HIR AR E FIE L DA
W ST G LR M AR VAL B R B I LR R

Z & X #

1 Zhu Haohan, Qin Haikun, Zhang Min et al.. Peak-detection
algorithm in the demodulation for the fiber Bragg grating sensor
system [ J]. Chinese J. Lasers, 2008, 35(6); 893~897
Kb, B, Tk LS. JREF AT RIRS ML IR A b T
HikJ]. P EM k. 2008, 35(6): 893~897

2 Li Honggiang, Yu Xiaogang, Miao Changyun et al.. Research of
intelligent clothing for body temperature monitoring based on
distributed optical fiber Bragg grating sensors[J]. Acta Optica
Sinica . 2009, 29(1) . 208~212
ZEusR, TR, W= S5 G ROk G A A LAY & B 1n)
BinrsE ()], k% £k, 2009, 29(1); 208~212

3 Li Kuo, Zhou Zhen'an, Liu Ai'chuner al. . High-sensitivity fiber
Bragg grating temperature sensor at high temperature[ J]. Acta
Optica Sinica, 2009, 29(1) . 249~251
s ARG XEA SF. RS IER T S RO LR B A

AR RIAE TR ] 5 F 3k, 2009, 29(1): 249~251
Wu Yonghong, Qu Wenjun, Shao Changjiang et al.. Basic

e

optical-mechanical transformation theoretical equation for FBG
strain sensors[ J]. Acta Optica Sinica » 2009, 29(8) ; 2067~2071
FOKEL, SRR HRAKRTL &, SREF b A8 1L IR - T e 4 Y
e AT, R F AR, 2009, 29(8): 2067~2071

Zhou Zhi, Ou Jinping. FBG sensors and their applications in
structural health monitoring of large bridges. [EB/OL][ 2010-03-
227 http://www. nbshangong. com /upload/papers/paper_gl19.
pdf

JA R BRIEME. SGEFU A% B B AR A T 45 A {0 v iy
. CEB/OL][2010-03-22] http: //www. shangong com /
upload/papers/paper_gl9. pdf

(21

o

Lihui Liu, Yongtai He, Fang Li et al.. Analysis of the optimal
package diameter of FBG pressure sensor [ C]. SPIE, 2009,
7133. D1~D7

Dongsheng Li, Hongnan Li. Strain transferring of embedded
fiber Bragg grating sensors[ C]. SPIE, 2005, 5765: 1085~1094
Jilong Li, Zhi Zhou, Jinping Ou. Interface transferrring

)

oo

mechanism and error modification of embedded FBG strain sensor
[C]. SPIE, 2004, 5384: 190~198
Chai Jing, Zhu Lei, Wei Shiming et al.. Settlement deformation

©

detecting in deep unconsolidated soil layer by fiber Bragg grating
sensing technology [J]. J. China Coal Society. 2009, 34(6):
741~1746
Se W R L BRI SE. RN O R U AR TR B 6 A
Bragg JEM ML) ], % # 4R, 2009, 34(6): 741~746

10 Chai Jing, Qiu Biao, Wei Shiming et al.. Strain transfer of
embedded fiber Bragg grating sensors for rock deformation and its
application [J]. Chinese J. Rock Mechanics and Engineering .
2008, 27(12): 2551~2556
Se B BE AR, BLHERD SE. A RASIB R AY A A O £F Bragg
et S HLI]. 2 e A F L LR F IR, 2008,
27(12) . 2551~2556

11 F. Ansari, Libao Yuan. Mechanics of bond and interface shear
transfer in optical fiber sensors [J]. J. Eng. Mech. 1998,
124(4); 385~394



