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Abstract: Aircraft load parameter testing is essential to ensure flight safety. Fiber grating sensors
with several advantages are continuously being developed in the constant attempt to apply them in air-
craft load parameter testing. To achieve accurate measurement of structural strain and exclude the
effects of temperature, we developed high strain sensitivity and temperature decoupling in a fiber
Bragg grating sensor via the [iber grating engraving process. Furthermore, we employed finite ele-
ment analysis to develop special designs for the substrates. In the temperature range of 10—60 C, a
temperature sensitivity of 45 pm/°C was achieved for the new sensor that is 4. 5 times higher than that
of bare fiber gratings. In addition, good linearity was obtained. The sensor characteristics of the test

systems were investigated using an M TS tensile testing machine under microstrains ranging between 0

—700 pe. Good linearity and sensitivity of 1. 46 pm/pue were obtained, the latter being 1. 4 times high-
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er than that obtained using surface adhesion method. The temperature and strain error of the sensor

are observed to be less than 0. 1°C and 3pe, respectively. The experimental results confirmed the sat-

isfactory temperature decoupling performance of the sensor that is consistent with theoretical analysis.

Thus, the sensor can be used in aircraft load spectrum tests.

Key words: strain sensor;Fiber Bragg Grating(FBG) ; temperature decoupling;linearity;sensitivity;re-

peatability
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Fig. 1 Structure design of FBG sensor
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Fig. 2 Photo of bare fiber grating and encapsulated

Sensor

AR R 3E 73 M B e T H A . A TR R 0 A
D PR T AN WG A DUE WAL . S R Y R
GRIBARBE T . R DE B 7= A 1 JE 28 7 2% 3
B AB B, S BN AR I



%6 AR I 5 8 B S N A VAR R 1333
3.2 fERBWMBRTON [REwmEE G G Es [ AR ER |
AR I Hrik 8Tz N F J1 e g5 /e !
WE , 5 B R SR i 2 M A5 b ) BT g R R FLORETIAT MR
PEAT B AL A RS S AT A AL 43, A ) i Hl:ﬁﬁh
3 R & |
{;,/ Kt
P RS
et I |

B3 A BRIT AT AR A kil 23 7 5 A

Fig. 3 Elementary analysis of FBG sensor in finite

element analysis
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Fig.5 Calibration experiment of sensor temperature module
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Fig. 10  Strain calibration experiment system

LabVIEW {4 5 30 A% S 2 1 28 A1 o0y 3 1Y [+
R
ERED B B g mLL. ST
HIhs 2 000 N FL ST TF . LA 1 000 N 28,
BB 2 10 000 N, M H-He-Hi-H P A 16 25
3 o 9 IO AR ) e R, S s g AR 2
B ER aniE 11 BiR .
7007
600 -
5001 "
400
300 P '
200

Strain/pe
-

1007 &

0 . v v : !
2000 4000 6000  BO0O 10000
Tensile/N

L1 7 ) 585 P A0 LR 5 2% i 2

Fig. 11 Relation curve of tensile and structural strain

LA RECH
e=0.065F—33.635; R*=0. 999. (8)
TE 2% 538 i 70 A B 1 18 BRI, L R
R SV AR v 7R 0 X A A SRR 1 [ A
T A7 AR L I AN TR R DG £F S b L A5 A 1
BUIE B0 T G EF G ;AR A R R FR AL R B R
EP IR Tk B M G EF S 8 T3k o HE R T B 2 %
AR, N & 10 Fros, a5 HEBR R B
T B A5 K A 5 348 e 7 A5 SR A 1 S
O AT RN A LG A H O R it L an
12 Fim B0 eR B R 2t B o 5 (9, M A
ZH R =0.999 1.k R,

1537.6 .
£ "
s 15374/ .
o0 "
2
g 1537.2 -
z >
£ 153704 N
] L B
|-

153681 "

2000 4000 6000 8000 10000
Tensile/N

B 12 g 5 e AR 2 R a v O B Y SE Rt 4R
Fig. 12  Relation between tensile and central wave-

length of strain sensitive strain sensor

A=0,47X10 " F4+1537. 646 ; R*=0.999. (9)
2E A A (8) L A5 H 18 A o Ny AR A5 AR P P K
5 JL % I 32 AR 22 8] B O R RECR
A=1.46X10 *e+1537. 696. (10)
AR I R MR S R AL AR R 0 2
FEFR L 30 o Bk HE bR A R R 5w i L B N SO TR
P BB 14 1 AR 1% B 7 R U r 1 4 70 24 P R B 1
S5 HR s PR B AT R AL B L A AR
DK SHME 2 000 N B I K Y I 22 &
o AT B /N IR A L 5 5 W R 4 R R AT B
REREBLT A REBCNE 13 i,
o BRI
8004 -} i'dli'hgl&i EARAR
700 .
600- :
500
400
300 A
200 _ .
100+ 5
o *

1000 3000 5000 7000 9000 11000
Tensile/N

Aldlpm

B 13 $r 3 50GEr Sl o K I B 1 OC R M 2k
Fig. 13 Relation between tensile and central wave-

length offset of fiber grating

PG eRECH -
AX =0.095F—160. 809; R?=0. 998
AX,=0.068T—101. 7783 R*=0. 999
G3 BTG A AT, 44 R AR TR 1
ORI L BEAS A F) 0.095/0.068=1.4 5, AT
T R A T Uk W S A R Sy Ul R o

1D



1336 b=

T TR

5 26 &

SRER = WU #F i 2R 4R B0Hs B9 A1 X i £% &, 4n
14 J7R . ol PRI A0 49 Ny A8 4% SR 10 8 5

LY .
\ \\

| 2000 /000”6000 800, 10000
24 v i . [Tensile/N

/

P14 DGl Sl A s i 7 B A 1 A 22 il 2k

Fig. 14 Strain repeatability error of FBG sensor

Repeatability error/pm

S E k-

(1] &% A && #0, I RITHE CHLE RS« AT 58
Wb g LT AvE A5 E AR, 2017, 28(4) 43
46.
LIF, ZHOU ZH T. XIE S. The application for de-
sign of experiment in aircraft load spectrum flight
measurement [ ]]. Aeronautical Science & Technol-
ogy, 2017, 28(4): 43-46. (in Chinese)

(2] EA#r. thERFTEEMNEKRS %4 R2Z[M] b

S A Tolk th gt , 2010 5-6.

YAN CH L. Aircraft load spectrum measurement
technique and compilation principle [ M]. Beijing:
Aviation Industry Press,2010: 5-6. (in Chinese)

[3] DAVIS C, TEJEDOR S, GRABOVAC 1, et al..
High-strain fiber Bragg gratings for structural fa-
tigue testing of military aircraft [J]. Photonic Sen-
sors, 2012, 2(3):215-224.

[4] RYUCY. LEE] R, KIM C G. et al.. Buckling
behavior monitoring of a composite wing box using
multiplexed and multi-channeled built-in fiber
Bragg grating strain sensors[J]. NDT & E Inter-
national s 2008, 41(7).534 -543.

[5] KIM]J H, SHRESTHA P, PARK Y, et al.. Ap-
plication of fiber Bragg grating sensors in light air-
craft: ground and flight test[C]. 23rd Internation-
al Conference on Optical Fiber Sensors, 2014:
91578V.

Pl 22 AT 225 pm, 5% 28 X060 0003 25 2R B9 52 i
il 3 pe, R BITH I RVFIE R A A MR R
4 BT E BE.

5 # ®

ARSCRETT T — i BE % Xk 2 2 K ) ik 4 14
&R AOLET M R A A2 I AR | il I 4 Bk ) S
T AR R BOGEF EME R AR T2, S B T X 4544
R JIT 32 W72 RS B 00 o e e P A P DL
LIRS, 5 58 T A% AR X il JEE N AE P 2
AR IR IO L R M, SRR
W A AR IR 2R 22/ T 0.1 °C L AR TR 25/
T3 pe. BEZAR IR I AE AL AT Y S i
R, b ik — 20 4 i A6 TG 27 D6 bl I B A A 1
TEBG 2 ) B A — RE 116 8

(6] F&F . xPRA, 2Rk, F. BT OGLF AP AR Gl Y

BT AL SR L LT]. AU DA F R, 2016, 52
(18):8-15.
CHENY, LIUBL, LIU H L, etal. Load location
and measurement system based on fiber Bragg grat-
ing sensor [J]. Jowrnal of Mechanical Engineer-
ing, 2016, 52(18):8-15. (in Chinese)

[7] NICOLAS M J, SULLIVAN R W, RICHARDS W
L. Large scale applications using FBG sensors: de-
termination of in-flight loads and shape of a compos-
ite aircraft wing [J]. Aerospace,2016, 3(3):18.

(8] Ao, A% . & &4, 5. REEREAT ARG

MR AR A5 SR (L) ). R % 45 E 42,2010, 18
(11) :2339-2346.
HE J, ZHOU ZH, DONG H J, et al.. Design of
coefficient-adjustable FBG strain sensors[J]. Optics
and Precision Engineering, 2010, 18 (11):2339-
2346. (in Chinese)

(9] B, w24, %, BA RO OEL ol
AT AR Y TR o AR IR LT, THRFF
RCTF R, 2016, 46(5):1739-1745.

YAN G, ZHUANG W, LIU F, et al. Preload
package and characteristics of a sensitizing effect
sensor based Fiber Bragg Grating(FBG)[J]. Jour-
nal of Jilin University, 2016, 46(5):1739-1745.

(in Chinese)
[10] F2A£.B34 M. LEFEMMBEHETZR
PEEMIEIORI]. ok B sk, 2013, 43(11):



£ 6 0]

SRIT 5 45 « T B2 A A 3 OB 27 DI il oz 22 14 s

1337

[11]

[12]

[13]

1203-1211.

LIY L, WEN CH J, ZHAO CH. Research status
of the sensitivity enhancing and encapsulation tech-
nologies &. devices of the fiber Bragg grating[]].
Laser & Infrared, 2013,43(11):1203-1211. (in
Chinese)

ENE AREACTEE T F. ARG RSO
WA s et 2 45 K X N AR SR [T,
M T, 2014, 22(1):24-30.

WUR]J, ZHENG BL, HEPF, etal.. Influence
of encapsulation structures for embedded fiber-op-
tic Bragg grating sensors on strain measurement
[J1. Optics and Precision Engineering, 2014, 22
(1):24-30. (in Chinese)

&R R B AR AL BURLEE M B 1 B R
LA BRICABT]. X5 % T42,2016,24(1):
119-125.

CAOY, LIU K, SHAN CH CH, et al.. Theory
modeling and finite element analysis of tensile flex-
ure hinge[J]. Opt. and Precision Eng. , 2016,24
(1):119-125. (in Chinese)

MRk %, 80 &%, £ B 48, . 5T SolidWorks
Simulation {7 s BEHHA RIC AT LT ], AL
AR5 &K, 2012, 22(9):177-180.

CHEN Y D, BAO ZH Q, REN H J, et al.. Fi-

EE @It

WA F1995—) . J 2B AL 2011
AR T LB TR B AR 2 e, B
G A L BB AR B %Y. E-mail:
zhangkaiyul 995@ qq. com

[14]

[15]

[16]

nite element analysis for product design based on
SolidWorks simulation[ J]. Computer Technology
&. Development, 2012, 22(9):177-180. (in Chi-
nese)
FiAh, ik, T B K. FBG & JE & R 4% 1 i &
PR R sE 1], R FH A, 2009, 35(3):
461-463.
LIYW ,HAN X D, YU G Q. Packaging tech-
nique of enhancing temperature-sensitivity for fiber
Bragg grating sensor [ ] ]. Optical Technique,
2009, 35(3):461-463. (in Chinese)
Bl bt Bl R F. B A MORHR AL ST R
mhPERE BT [T, L&A, 2014, 31(3):
781-787.
YAN G, HAN X J, YAN CH L. etal.. Buckling
analysis of composite cylindrical shell with cover
under axial compressive load[J]. Acta Materiae
Compositae Sinica, 2014, 31 (3):781-787. (in
Chinese)
AVITABLIE P, HARVEY E, RUDDOCK ].
Comparison of full field strain distributions to
predicted strain distributions from limited sets of
measured data for SHM applications [J]. Key
2013, 569-570. 1140-

Engineering Materials,

1147.

PR (1963 —), B, WL 2 & A, #
$E 1A R, 1982 4F,1989 4F T4
JIE T R 2 53 ) 3 A5 2 - R - 244
2013 AFF M5 JRIE Tl K22 3R AT - 2%
BL, FEWFGE 7 18] N A 15 IR B A%
FeAE ot R 2 R R %F . E-mail.

zhulianqing@ sina. com



