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Fig.1 Schematic diagram of Optical Fiber Bragg Grating Sensor

AR SR G A M A A Bl B 21 4k 52 A AR J5 254 T To il o LA R e N A5 0 1A 4 25
PR R R RO S ANSY S A BROCE B ST 45 SR A7 00 b, R T 3 o of i A 0K T 9 B L £F
A 190 255 00 2 B 3 T 24 52 5 A RHR PR BT B T AT

1 R ERREETE

AL S g (DUAL B 4yl 4 0, R/R4H 2 #R, P I K 1529nm~ 1559nm, i} X Z
[A]FE B8 2 22 3mm, B 33mm = 3mm,

P2 JEAR R I A I

Fig. 2 Measuring point layout of intact specimen
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Fig. 3 Measuring point layout of damage specimen
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Fig.4 Demodulator channel connection Fig.5 Damage specimen
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Fig. 6 Specimens loaded and the experiment site
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Fig. 7 Curve of force-strain of 4 X4 intact specimen
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Fig. 8 Curve of force-strain of 4 X4 damage specimen
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Tab.1 The experimental results of 4X4 intact specimen compared with the results of ANSYS
. BoyomaE HIUOmEk CFE ANSYSZ gxfiRzE MXFIR2E

(pe) (pe) (pe) (pe) (pe) 73]
1-1 623.9 623.0 623.5 620. 1 3.4 0.5
1-2 1007. 1 1006. 1 1006. 6 1023.5 16.9 1.7
1-3 1041. 7 1038. 9 1040. 3 1023.5 16.8 1.7
1-4 612.2 611.6 612.2 620. 6 8.4 1.4
2-1 634. 2 633.0 633. 6 628. 3 5.3 0.8
2-2 1084.9 1083. 1 1084.0 1071.0 13 1.3
2-3 1095. 6 1093. 5 1094. 6 1071.0 23 2.1
2-4 618. 4 616. 4 617.4 628. 3 10.9 1.7
3-1 627. 8 626. 2 627.0 628. 3 1.3 0.2
3-2 1019. 1 1019. 3 1019. 2 1071.0 51.8 4.8
3-3 1022. 4 1021. 4 1021.9 1071.0 49.1 4.6
3-4 614.6 614.5 614.6 628. 3 13.7 2.2
4-1 620. 3 619.5 619.9 620. 5 0.6 0.1
4-2 978.7 978. 3 978.5 1023.5 45 4.4
4-3 1005. 5 1004. 3 1004. 9 1023.5 18.6 1.8
4-4 601. 7 600. 7 601. 2 620. 6 19.4 3.1

Tab. 2 The experimental results of 4 X4 lossy specimen compared with the results of ANSYS

£ 2 4X4 BRI FBG % 8% M 4% 54 FRooss 55t 1

- B-UmE HTuom#E FHE ANSYSE dixtinze  HIMRZE

(pe) (pe) (pe) (pe) (pe) (¢Z3)
1-1 697. 2 696. 2 696. 7 672.8 23.9 3.6
1-2 1130. 5 1130. 1 1130. 3 1091. 6 38.7 3.5
1-3 960. 5 959. 5 960. 0 1034.4 74.4 7.2
1-4 595.7 594.9 595. 3 627.1 31.8 5.1
2-1 679.5 677.3 678. 4 654. 0 24.4 3.7
2-2 1020. 6 1019. 4 1020. 0 1074. 3 54.3 5.1
2-3 941. 0 939.6 940. 3 1023.4 83.1 8.1
2-4 581.9 578.9 580. 4 624.5 44.1 7.1
3-1 577.9 576.1 577.0 625.6 48.6 7.8
3-2 960. 5 959. 5 960. 0 1026. 8 66. 8 6.5
3-3 1126. 1 1125.3 1125.7 1077.0 48.7 4.5
3-4 690. 8 689. 6 690. 2 658. 8 31.4 4.8
4-1 601. 6 600. 8 601. 2 627.3 26.1 4.2
4-2 986. 1 984.5 985.3 1032. 3 47.0 4.6
4-3 1180. 5 1179.5 1180 1090. 0 90. 0 8.3
4-4 715.8 715.0 715.4 668. 3 47.1 7.0
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Tab.3 The parameters of glass fiber composite material

E.(GPa) E,(GPa) E.(GPa) Uy U G.y (GPa) G.. (GPa) G,. (GPa)

52 4 4 0.2 0.2 3.76 3.76 2.5
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Fig. 9 The X axis strain of 4 X4 intact specimen Fig. 10 The X axis strain of 4X4 lossy specimen

B9 g 4X4 iy X J7 [ B2 7= 18T HUA 10 S22 & MRS BY o (9 58 = R IR RL 1 70 A = . A
Hal DL JC R 4 0 g oA B TR A JLARDA BR A L 5T ELIE 0 A DA S A o () 5 B R
SIS RAT . A 10 05K B X T 16 B AL 25 AT LA L 54 Ak A W A ) A v B
G U HARFETE AR A5 52 A P A o Sk 2 A5 DI 8 0 A8 O3 A SR 5 B rb e B O ELTE 00 7 N AR
L3N

M 1A 2 AT LUF O R0 A8 SR 227 Spe Z N L BEIA FBG A% 8% 0 2% I 5 52 45 44 6 D9 358 i
WHARGHRREESEEM, 5 ANSYS BUEEUZ R W T IS AR 1 AT LUE A6 iR
ZEAE 0. 100 ~4. 800 Z [6], X T4 Bl fF NS 2 ol DL M X iR 2278 3. 500 ~8. 300 Z 1Al , EZ A AE
FAXPEAE N T3 i VB v b T 20 TR R 4000 07 5 Ak 2 7 AR A0 A 0 AR 0 e i 2 B T X
SE IR A 0 E 58403 b A8 0 T A v RG] R 32 7 AR AN A B D B T B R 25 ORI i BEAS AT 23 A T 4
Pk iz .



Bam WRPEAE « LTSI % 000 245 17 ) —F 35 10 T 20 02 5 ek A 42 450 40 5 T 4 3 8 4 58 481

13

4 RE

g

AR 3C T B a JC AR AR 5 A A B S S X IR B L AR B AR A

(1) 3 e 0 -5 A B E 5925 il K T LU AR 00 R P A6 2R 6 3 K s S BRAR 4 i 2%
PEOC AR IF S ARG A PO REFR S R T AR 4540 37 B Ak AR A S 55 BIE e A AR AT . a0 A il v
T L A ' 25 A I 7 7 o L L I A8 T 2k AR AR A /N R AR B o DRI 458 05 7

(2) i ANSYS A FROCECE RT3 45 R0 b & B, A T e Bl 0 o A a0 A 15 25 A5 2 7 A
XA DX 8] 98 B =22 P 32 D DR A 3l PR A N A0 0 ) A o A v oy 7 T 20 T 5840 6 Ak 2
AN T B LG AE R T G MRS AN L FBG A% s i 21 1 J2 ) 10 A2 5 e T 5 (R A AR
XFRZEAN I 1070 258 2T KUY

(3) A5 15 G LT JE ik 98 130 9 PR 0 4 i R 40 A% i 5 e L IS 4 D 2 Sl A Ak 181 45 R URE 2R £ 31 ) K 30
TR B 1] e A8 AE Y bR R R R R A TXORE AT UGS S B TR 4 A 4 £t RRECRR A S B A M

S Uk

[ 1] Timoshenko S, Goodier J N. Theory of elasticity (second ed)[ M]. McGraw-Hill Book Company, Inc. , 1951:372
—82.

(2] Zfh. SSWHBOGIEBIERG R REIR S REBLT]. IHEHA, 2008, 34(8):66—67 (LI Wei. The development
present situation and prospect of structural damage identification technology[J]. Shanxi Architecture, 2008, 34
(8):66—67(in Chinese))

(3] RIase, 4z, Ml 5. 3T 570 20 FBG A% A 09 359 B3 b1 Rk A &8 07 A48 I il iy i s pF o [T ). 2R 1%,
2013, 28 (4):475 — 480 (ZHU Qirong, SHEN Weiliang, XIE Mingru, et al. Experimental study on strain
measurement of homogeneous materials based on quasi distributed FBG sensors[J]. Journal of Experimental
Mechanics, 2013, 28(4):475—480 (in Chinese))

L4] FHFBE. KA. K E. LML AR AT TR A PR 45 8 48 B W b iy i LT, WOt 2=k, 2006,
27(1):1—3 (YU Xiujuan, YU Youlong, ZHANG Min, et al. Application of fiber Bragg grating sensors in the
health monitoring of aerospace composite materials and structures[ J]. Laser Journal, 2006, 27 (1):1— 3 (in
Chinese))

[ 5] Wolfgang E, Stephan G. Optical fiber grating sensor network basing on high-reliable fiber and components for
space-craft health monitoring [C]. SPIE, 2004, 3986.:134—143.

(6] MR, $e. miF % FRZSMENLT B BHARIT] %L 5 HE. 1998, 15(1):33—35 (YANG
Jianliang, GUO Zhaohua, XIANG Qing, et al. Embedded technology of optical fiber in smart composite material
[J]. Fiber Composites, 1998, 15(1):33—35 (in Chinese))

[7] Ecke W, Latka L, Willsch R, et al. Optical fiber grating strain sensor network for X-38 spacecraft health
monitoring [ J]. Proceedings of International Society for Optical Engineering, 2000, 4185:888—891.

(8] BRKAE, ZERN. S5Hi0 I 58 izl M]. dbat . BH2% i R4k, 2001 (CHEN Changzheng, LUO Yuegang.
Structural damage monitoring and intelligent diagnosis{ M]. Beijing: Science Press, 2001(in Chinese))

Lo M4, pifh. BT ZRAGEESE R WG Ir k] R R%%¥4M, 2010, 40(3):538—540 (TENG
Jun, LU Wei. Structural damage identification method based on multi sensor information[]]. Journal of Southeast
University, 2010, 40(3) :538 —540(in Chinese))

[10] ®EB, ZHEIF, Wl . T ARG AN R 4EBEAR S0 0 BF5x (7], T E TN, 2009, 20(1) .64
—67(CHANG Qi, YUAN Shenfang, MIAO Miao, et al. Damage monitoring of carbon fiber panel based on
Prague fiber grating[J]. China Construction Machinery, 2009, 20(1) :64—67(in Chinese))

(11] skbite, It gt E im0 (1], & AR Tk Rz 2 4, 1999, 29(2):67 —72 (ZHANG Yuehua, CHENG
Kaidong. Identification of structural defects[J]. Journal of Jilin Polytechnic University, 1999, 29(2):67—72 (in
Chinese))



482 SO N (2016 4F) 45 31 &

3

Experimental Research on Damage Detection of Glass-fiber
Composite Materials with FBG Sensing Network

CHEN kun, ZHU Qi-rong, SHEN Wei-liang
(School of Aerospace Engineering and Applied Mechanics, Tongji University, Shanghai 200092, China)

Abstract: After fiber Bragg grating (FBG) sensing network is embedded into glass fiber composite
specimens, through comparative experimental study of quasi-static bending between nondestructive
and lossy specimens, the analyses of fiber Bragg grating parameters, which reflect damage position
and damage degree in measurement process, was carried out. Then, ANSYS finite element software
was used for numerical simulation and the results of numerical simulation was compared with that
from experimental measurement. Then, the feasibility and accuracy of FBG sensing network method
applied to damage monitoring of composite material specimen were verified. Above results may
provide an experimental basis for online health monitoring of composite structure in practical
engineering.

Keywords: Fiber Bragg grating (FBG) sensor; glass fiber; bending test; damage measurement



