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Abstract: In order to improve the sensitivity of optical fiber EFPI sensors, a novel EFPI sensor struc-
ture was proposed, and its characteristics of temperature and transverse load were studied. Firstly,
the structure and fabrication of the optical fiber EFPI sensor with its edge coated with palladium-gold
were introduced. Then, the temperature sensing model of fiber optic EFPI coated with palladium-gold
was established, and the relationship between change of cavity length and pressure was obtained in
theoretical simulation of the sensor under different pressures by Solidworks, Hypermesh and finite el-
ement analysis software ANSYS. Finally, the comparison of temperature and transverse load charac-

teristics between the traditional optical fiber EFPI and the palladium-gold coated optical fiber EFPI
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was implemented. Experimental results show that the temperature sensitivity of the palladium-gold

coated optical fiber EFPI is 6. 083 pm/°C due to its characteristic of temperature self-compensation.

Moreover, the detection sensitivity of transverse load can reach 40. 83 m/g, which has been improved

by 2. 10 times compared with the one of the traditional optical fiber EFPI. The experimental results

coincide with the theoretical analysis, providing theoretical and experimental evidences for the produc-

tion of optical fiber EFPI with high sensitivity and temperature self-compensation practically.

Key words: optical fiber sensor;optical fiber extrinsic Fabry-Perot interferometer; coated palladium-

gold film; transverse load; temperature self-compensation
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Fig.1 Structure of palladium-gold coated EFPI
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Fig. 2 Cross-section of palladium-gold coated EFPI

&l 3 BERLLT EFPI L83 S K
Fig. 3 Photo of palladium-gold coated EFPI
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Fig. 4 Interference spectrum of palladium-gold coa-

ted EFPI
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(a) Relationship between wavelength and temperature

of traditional optical fiber EFPI
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(b) Relationship between wavelength and temperature
of palladium-gold coated optical fiber EFPI
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Fig. 7 Temperature characteristics of traditional EF-

PI and palladium-gold coated EFPI
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Fig. 10  Relationship between wavelength and trans-
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AR A W 9 K, d5e KAZ AL 0. 694 pem, 1T
HEmE S 8= ENR 7. 8%, i
HEWRKERWME 13 Fin, BEK d=323 um
() 40 42 B 2F EFPT 4 38 K 0 B 1) 0 2811 R A
JE 4940. 83 pm/g.

T REE A A O 2 EFPL R RS
PECHIMAE T 53 0h — D IERK O 298 pm 1Y BE 4 4 %
JG2F EFPT, #E 47 # 1] £ 28 52 5, 25 R ¥l 13 fr
7N o H P AT R IR ) A ] £ 4R ) RO Ty 43,1
pm/ g, [AlFEH A A5 (0 8 ] 7 4 R U

A SCHIME T BA G S 1 YOG4 EFPI
BRI b N7 T A% SRR Y R R AR R, O L i
solidworks, Hypermesh 54 [R5t ANSYS 4 {4
Xof A A [ JRy 0 52 R % 0 R 5 R AR B 56 &R
HEAT T 5 B9, DI A5 38 1 A8 5 s AR 0 i) ¢
Fo N TR > 4 2Rl i S5 X A5
T Y BOGLF EFPL AL G648 EFPL iR
Fetk . S5 MIRE M 30 'CTFE 80 CHY L 1%
4 oG4F EFPI AR FE B9 RN 54. 92 pm/°C 1M
P A O £F EFPT X R B A9 R A Ak 6. 083
pm/°C .1 H RS TR S R iR R EEHA
AR i 1y T 52 AT DA AR G b At e TR B A8 SR )
B, R R THFECEF EFPT R 1) 0 0,
XSG EF EFPL M 8840 & O 2F EFPT 47 1
B B 2R AR SR OB EFPI
Xof A [ £ 28 A9 R B T K 40, 83 pm/g. M T A&
6L EFPL XA 1] 7 40 09 R AL 19. 46 pm/g,



%63

T AR A RN R AU AR AR 27 L IR 1) 10 24 S

1439

P 72,10 F5, SLEe S BB TR ZE N 7. 8%,
TE 5 39 B9 AR Hb SR A B K A R v
WA BN P DL EFPT R A R R

S % Uk

(1]

(2]

(3]

(6]

7]

P, AR, SGET AR 0 B BR BOR R A
JERHLT]. AHEAZ &, 2011(3): 113-114,

LU Y X. YANG L N. Development and applica-
tions of optical fiber sensor[J]. Science & Technol-
ogy Information, 2011(3): 113-114. (in Chinese)
Fk, FEA. FRF, F.OJLLT Bragg S m
JRERsZ I REPERIBE [T ). Sk F .« Hok . 2005, 16
(11). 1270-1273.

WUF, LI L X, LI Y P, et al.. Study of fiber
Bragg grating characterization by transverse force to
a small grating section[J]. Jowrnal of Optoelec-
tronics * Laser, 2005, 16 (11). 1270-1273. (in
Chinese)

ISR, Bem i, BB R G AR 6 B A e 2
Ptk B HC AR R AR G AT ST ). S # 4], 2005, 34
(8): 1195-1200.

WANG Y P, RAO Y J. Study on transverse-load
characteristics and polarization dependence of novel
long period fiber gratings[J]. Acta Photonica Sini-
cas 2005, 34(8): 1195-1200. (in Chinese)
WA, pema, R KEBDCLOGHHE IR B
HRE T AR R AT LT ). R & F 4R, 2011, 31(1):
0106002.

ZENG X K. RAO Y J, LIANG K. Characteristic a-
nalysis of LPFG resonance wavelength shift owing
to transverse load[ J]. Acta Optica Sinica, 2011,
31(1): 0106002. (in Chinese)

NEA, BRI, ek, TR FENCL Sa bk
] SRR R IR B LA I S I [T, R
ik, 2013, 33(4): 0406003.

LIU H Y. LIANG D K, HAN X L. Long-period
fiber grating transverse load effect-based sensors for
rebar corrosion in concrete[ J]. Acta Optica Sinica,
2013, 33(4): 0406003.
YANG R, YUY S, ZHU CC, etal.. PDMS-coa-

(in Chinese)

ted S-tapered fiber for highly sensitive measure-
ments of transverse load and temperature ] |. 1EEE
Sensors Journal, 2015, 15(6) . 3429-3435.

ZULKIFLI A Z, MASNAN SE F, AZMI N M, et

al. . A simple load sensor based on a bent single-

AR — PP R IF HLAE S PR I R UK
. BEA A RO LT EFPL A R UE & R AL
SUSBURRF PR AR AR D0 R AT ) ] ) 0 P T 5%

L8]

[9]

[10]

[11]

[12]

[13]

mode-multimode-single-mode fiber structure [ J].
Sensors and Actuators A: Physical, 2016, 242.
106 -110.

MURPHY K A, GUNTHER M F, VENG-

SARKAR A M, etal.. Fabry-Perot fiber-optic sen-
sors in full-scale fatigue testing on an F-15 aircraft
[J7. Applied Opticss 1992, 31(4) ;431 -433.
AT, EATF, R F.oEd BEIEARIEE A
- % T BUOG A A% B4 4% 45 1 52 B0 IR B AR 2 0 R
JrE [T ks ke F F @k, 2013.50(9):
090605.
ZHAO Z W, WANG W Y, ZHANG M, et al.. A
new temperature compensation method by optimizing
the structure of extrinsic Fabry-Perot interferometric
optical fiber sensor[J]. Laser & Opioelectronics Pro-
gress, 2013, 50(9): 090605. (in Chinese)

EF, AP, 3 A BT R AR OGO R Y

HARCL R EE )], sk b ke F 53
B, 2016,53(10): 101202.
WANG Y, ZHAO K, LIU J P.

Bragg grating temperature monitoring based on

Optical fiber

volume phase grating dispersion demodulation[ ] ].
Laser & Optoelectronics Progress, 2016, 53(10) ;
101202. (in Chinese)

KA@M, W, T, F. T DSP I H
AL EFPLAZ B ML ]. 2 H K, 2015,
41(6) . 485-488.

ZHANG Y T, XIAO SH H, JIANG Y, etal.. A
DSP based portable demodulator for the measure-
ment of optical fiber EFPI sensors[J]. Optical
Technique, 2015, 41(6): 485-488. (in Chinese)
CHEN K, ZHOU X L, YANG B K, et al.. A
hybrid fiber-optic sensing system for down-hole
pressure and distributed temperature measure-
ments[J]. Optics & Laser Technology, 2015, 73;
82-87.

Tk, FA. BB F-P RO R 7
LI R HhE T4, 2009, 17(12). 2887-
2892.

YU Q X, JIA CH Y. Diaphragm based miniature
fiber optic pressure sensor with F-P cavity [ ] ].
Opt. Precision Eng. s 2009, 17(12) . 2887-2892.

(in Chinese)



1440

Pl

R % TR

#
(S
ol
o

[14]

fE&E®

ENE, FEA, WH T, & HAKGE A Pk
M2 I i 2 AR X 0 i 1A RS2 R [T, R
M A, 2014, 22(1); 24-30.

WUR]J, ZHENG BL, HEP F., et al.. Influence
of encapsulation structures for embedded fiber-op-

tic Bragg grating sensors on strain measurement

[J1. Opt. Precision Eng. » 2014, 22(1): 24-30.

>

I
F OB, LR T AL
+ AR B A S I, 2008 AF T RS AL
L2 AL R R 2 AR AT T2 6, 3R 8
Tolk RS 5 F B TR B G A 1%
ARG RT P , 2 NS R
R A A I R 45 A et R
&7 A L AE, E-mail: wangyan @

ahut. edu. cn.

[15]

(in Chinese)

PODDAR G C. KUMAR A. DAS S, etal.. Fiber
optic extrinsic Fabry-Perot interferometric sensor
for high blast pressure measurement[]J]. Indian
Jowrnal of Pure & Applied Physics, 2015, 53

(9): 573-578.



