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Study on sensing characteristic optimization of micro/nono
coupling fiber based on modal acoustic emission

Liu Yiying, Wang Linjie, Fu Wencheng, Li Fengmei, Ji Minhui

(School of Electrical Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract : In order to improve the ability of acoustic emission modal recognition of Micro/nono Cupling Fiber Sensor (MCFS) , based on
the theory of modal acoustic emission, the influences of the effective sensing area structure, length and symmetry of micro/nono coupling
fiber on the modal identification ability of the sensor has been studied in experiment, and the orientation properties of the optimized
sensor have been analyzed. Experiment results show that; When the effective sensing area structure is “X” type, including separation
zone, exact taper zone and waist zone, the sensor cant identify the S; modal and the integrity of the identified A, modal is poor; when the
effective sensing area structure is “---" type, including waist zone and all the exact taper zones, the sensor can identify the A, modal and
identify S, modal completely. When the effective sensing area is symmetric, the integrity of the measured signal is good; when the

”»

effective sensing area is asymmetric, the integrity of the measured signal is poor. For the“X” type structure, in the separation zone
partial sound wave energy is attenuated, the sensitivity of the sensor increases as the length of the effective sensing area decreases;
however, for the “---"type structure, the sensitivity of the sensor decreases as the length of the exact taper zone decreases due to the
strain magnification effect of the exact taper. The modal identification ability of the sensor decreases as the detecting angle decreases, the
effective detecting angle range is from 45° to 135°. This study has great significance to the application of this sensor in modal acoustic

emission.
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Fig.1 Ilustration of the micro/nono coupling fiber

(c) Light field distribution in the waist zone
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Fig.2  Propagation illustration of S, and 4,

modals in solid

HIF 2 7%, Lamb 3 % G0 R FR LA (5,5,
Sos ) LM FRHIA (A, A,y ) BERI AR B
WAL A, 5 S, B R RE AR, IO 3 L, 3¢
FIMBCAS N A, .S, % 0 REHEAT A AR/, ELE BLCR , 0
Lamb 9 BF GBS F A, A1 S, BB HE A B
N

SRR F A0 I, Sy 1 A, 45785 O P68 1 e RS
7, L8 T 3 35 R % Rayleigh-Lamb Jy A a5 ™. A¢
S FEELAT 5 B0 553 1 4% 16 M7 5 4 A 5052, 36
KT BHEINFE | TR, IO Rayleigh-Lamb 7 AT R 1%
T4 A, 15 S, S HOFEHR R

F1 5052 sEIRATRHERE S HL
Table 1 Material property parameters of 5052

aluminum plate

- B ¢,/ YW ¢,/ W p/ B
J (m-s) (m-s) (kg-m™)  h/mm
5052 484 3287 6 444 2713 2

UnEl 3 P ARAE O ~ 300 kHz I, A, BEZS IR
JEE A WA 3 T D S 3 K T S, AR 2 A AR LT A
A8, H S, BEASHREE R T A, BRI, X T
FERRIMIREOR B P R A5, B i AR R TE A, BEZS.
ARSCHRIEFEM B T B A AE O ~ 300 kHz, A it AR 35 A,
RS IIHICRF R I S AR AR 6 AT U, PRI A, B
IS, RS R E AR 22, REREAH 22 R 2538001 S,
B
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Fig.3  Velocity curve of S, and A, modal

propagation on the experiment aluminum plate
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Fig.4 Gabor transform of the measured acoustic
emission signals for piezoelectric transducer and

micro/nono coupling fiber
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Fig.5 Hsu-Nielsen source and its repeatability test results
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Fig.6 Packaging illustration of the micro/nono coupling fiber

h T IRFEA [ A 20 A TR DX A s W) IO P Y 5
i) , £ TR [ 2 T 5286 5052 S b, R A E A s
Hsu-Nielsen JUAE AT A 55 U5, 7 505 A4 AR B B ORI
30 cm, FRafe BTGl 1) (90°) o K 4 Tl 14 g 11 5
PR LA T mm S 3 58 A K, X B> B
A BE T BRI BEA T — U, WRLTR 3 AT 1 X
ARV M
2.2.1 A RAL RIS PN S 58 B 1 52 )

7 () B 7R i & JC 2T LI s S 18, BTG
S S BT T Al 1) AR AR T 1), AR A P o L, 1
2 mm Ay A5 KR A SRS 0 2% AR AT LI, L &5 2R 4
Bl 7(b) Frzn.

K7 (b) [ Pl 5 75 S B WA L, S92 2 3R 6 WL
{ELRY 3 AR ZEAA (M R . mT LU 3, 23 8 XA IX A
KEARALRNG X s AR LR, R PFREA
IR R P R X A TR A ) O R , 0 e 4 il P 6
BRI 1, L, , A A S A A AR R IX

(AT €LE Fep ARt apUNIER

Fig.7 Structure observation result of the micro/nono

coupling fiber
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Fig. 8 The micro/nono coupling fiber with different

package length
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Fig.9 The Gabor transform of the measured AE signals for the sensors under different package length
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Fig. 10  Influence of the effective sensing area

symmetry on the integrity of the identified modal
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Fig. 11  Relations between half-length of the effective

sensing area and sensor sensitivity
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Fig. 12 Experiment distribution diagram of the

orientation property of micro/nono coupling fiber modal

identification ability
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Fig. 13 Gabor transform distribution diagram of the
measured AE signals of the sensor for different angles

under package length [, =1, =1,
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Fig. 14  Gabor transform distribution diagram of the

measured AE signals of the sensor for

different angles under package length [, =1, =1,
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