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FBG flexible sensor based on new industrial resin

SHEN Zhihui', XU Yiming’, LU Guan'
(1. School of Mechanical Engineering, Nantong University, Nantong 226019, China; 2. School of Electrical
Engineering and Automation, Nantong University, Nantong 226019, China)

Abstract: In order to solve the problem of flexible encapsulation of fiber Bragg grating (FBG) sensor, a FBG
sensor with flexible resin as encapsulation layer was designed. Firstly, the impact of flexible resin
encapsulation was analyzed. Secondly, the sensors encapsulated with flexible resin, polydimethylsiloxane,
silicone were fabricated, and the pressure conditions of the sensors were analyzed by using Ansys software.
Finally, the load, temperature sensitivity and static performance of the fabricated flexible sensor were
compared with the bare FBG. The experimental results show that the FBG sensor encapsulated with flexible
resin has good response and sensing ability. The average sensitivity of load is 4.644 pm/N, the average
sensitivity of temperature is 1.685 pm/°C, and the goodness of fit of sensitivity is above 99.8%. The
repeatability is 0.008, the hysteresis is 0.019, and the linearity is 0.01, which are better than the
polydimethylsiloxane, silicone encapsulated FBG sensor and bare FBG. The research can provide reference for
flexible encapsulation of FBG.

Key words: fiber Bragg grating; flexible resin; flexible encapsulation; strain performance studies

%5 H#5:2024-10-09; & [E H#1:2025-01-06

HEeWMB:BRaRAAFEALEARE SRR MELSLEL (61973178) ;o x4 S FFRABHASF (AAHF) TX
A B (21KJA470006 )

EE RN E4E (2000—), B, M EAF R A, £ 2 M F FBG £ B KHF R . E-mail: george sim@163.com

BEMEE: B (1983—), &, W+, #3%, £ 2 F FBG # 4t B dn AL B ABRF 04 B KB R . E-mail: luguan@ntu.edu.cn


https://doi.org/10.5768/JAO202546.0405002
mailto:george_sim@16.com
mailto:luguan@ntu.edu.cn

- 904 - o

k¥

ERESE X R

51:

I £F A BL A% YE M (fiber Bragg grating, FBG) E
ARG P T Bk RE 4. AT S
L, TEAR Z S BT 2 e M, # FBG
Sy M55 H 25 2 B IR, PR AE SEBR i v, e AR
s 5 BT LA T B

YT, X FBG By E 3 A F A &R EEHL
REWim AKX R F A EY, BRI
BUEEXT FBG 3% 7 TP TR AMESE . H it &5
N3 5 SR A 5 R LRI B2 ) A BEXT FBG i
A7 2% 1T 0 00 = 3t 2, I3 e S 06 0 i 4 A R 1Y
RO AR b, 7% 5 A G R AGR B 99.89%., 17
AR AN HIE T R A P FBG 1% )8
i, ARG 22 08 14 32 T A5 00, O BRI 45
SRR, A B 45 B Ny A2 A% i ARl TR
[OE T S YN ¥ T 2 SRl
FEARZI K £ 256 11 FBG W AR A& 3 A 5, 19 10 A2 i
KU MR R & FBG 6 K BE 52, ok
FHIR A R B, 2 B H R 6K 4 100 mm B,
N AR RCR e Ko BAOW %2 AP R —H
F iE 4 55¢ ( polydimethylsiloxane, PDMS) ¥} %& FBG,
SCEGHER K], SRS A btk FBG XTI, PDMS
$%E () FBG 7 Ny 242 Fll B2 A% & T B A B R
o WU B 5 AP FI I 2F 43 58 2R 5 ) (BFRP)
% FBG &8 4% , XI844 3804 T i PR e kA7 oF
7%, B T BFRP £ 2% 1 FBG gl £ 2k, £ =
S N U F) R IS A B FBG 22 P A% I AR PR R
-, A ey 28 B RN IR R R B 34 T AR FBG.
R 5% 78§ /E FBG 1% 185 B ok N T /E FBG
B R, T E AAT B B AR EL B R A G
VSR, FETE IR R AR BEAR A [R) A, H— 2632
D7 AR RN TPl N R PEAR I

XFF R HAEMLER N L 09 FBG 22 M A% B4 1
L E R LI H R, FHIERIILEE A
MR 50, — MR R G Wi A X EH 007
o TMEEER G Wi A% B an 2R HRE
1 PDMS PiFiAA#}, o, PDMS A —Ff LT B2
JRAL B, EA LS 0 R B RS, A5 2] Tz N
Mo B 7E A H PDMS §il £ BF, 7746 LLF [a] @
1) PDMS 75 0 B, £5 AR TC L 23 52 i 2] 5 ¢
B PE; 2) PDMS A RE B #2317 3D #TEN, — %
B IR R 24 h DAL, B2 T R0%; 3) PDMS
e T A AL AR R R T M B AR R A

B, AR BAFAE R RN B 254 | AR S
()R, A — s B LY 2] FBG B3¢, [RIFEH, A
JE A A7 AR AL [ AL, B AR RCRAR T, Rk
WA T IR A W B E B, TG 38 Tl e RS 25 0 /N A Ak
MK o 3D ATERE AR B8 T LA FBG i 3 %
FB, AR A 3D TEN % &, ke T AT
HFE I B, RIFHTH T HS MRS E . R
ik, B REAtE N T, B AL R A S 80 — 2
AL BRI T N RS, & T, 7€ 3D 4TEY
ERE B, R — Bl BTV B R, 2 PRI (80A,
Formlabs, MA, USA)"" 3 45 A% £ A9 22 3 ¥4 A0 5
HZ %5 PDMS 23, W& 4% B & 5 B h
8.9 MPa(Z 14 #4 i i £k J5 ) F1 9.2 MPa(PDMS [# 1k
J& ), TRV 328 ok — M A i B AT R C HL AT A 4%
HEAT 3D ATER, $im T HIVERCRE . BTN N Rk
R 7E A ) 1% 2 RN 3 B IR 01 8l T Jre T AH G Bt
FENEL B A BT O A AR L U R A
fil . %85 FBG F2 b2 (1 Bk LA K 2P IR
FEATT A B B %) VR R BB AR 5, o 22 M A g N
FH7E FBG 3% b, w4 200 X FBG 22 1 35 & i 7
R AR AU BE AR 2, X FBG k235 A7 — & 1Y

BT LRI MBS, AR SCR FH 2 M BR A
3D ITEREE Rl /E T FBG 114 % 4%, 5 PDMS,
HE B T A 1) 2 1A% AR FTRR FBG 1E4T T g R
BE IR R DL R RS PERE R LA, IRUE T R
PERS HEAE Ry 582 4 0 £ 3, XTI SR L3S N FBG
T VAR B AR BRI R ) AR B Y i B —

1 FBG fERFN T HIE
1.1 FBG £REEE

FBG 114 45 ¥4 7 5 [ B s 3 328 SR PR T 4] 1
Jii7s o BT FBG BT 5 58 52 B HS 9 K 4 0% Jo] 414
I3 A, M e G AR GE TR AR i, FBG 23X A5
G HAH AR B S AR AR T R, TR Bt
S0, TIT L% 1 328 B G AN 25 32 B 50

j\ Al BB LT ﬁA
?@A%%@tl]MJtﬁaﬁq
RS

LI
A '
E 1 FBGRE
Fig. | Schematic diagram of FBG
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g =
S i
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Fig.3 Schematic diagram of FBG flexible sensor design
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Fig. 4 Strain transferring for different adhesive layer len-

gths and adhesive layer thicknesses

Pl 4(b) S [ fie 786 )2 RS B 7 725 4% 3k 36 1) 5
M, MAIEL 4(b) TR ol LA Y, B2 420 0.1 mm
Bt FBG 1 e A% 326 22 85 i o [RI B AT o, 2B AR A
0.1 mm~0.2 mm [ X [8] PN, [0 A5 1% 3ofs R T o 1 38 48
e, TR Z 242 0.1 mm XF FBG 4845 i AR
i R E TR X

AR SCHERE I K Ry IR AR 7K, B DI AR it
k1 350 MPa, A [R] 5 YI 55 i (14 B 7K X FBG v 28 1%
R AN S TR o B K BT DI 14 3



RYGE 2025, 46(4)  JLGRE, 4 T H TR Y FBG Rt &4 ¢ 907

I, FBG 1% 8% 1) 0] A8 4% 3 8 b Bl 2 34, 22 57 1)
MR IS 4 000 MPa i, Ho Ry 48 4% 368 R ik T F
%, UL, SRS YIRS A 1350 MPa 4 i K A fg
F N g g N

0.99

0.98 | -

WA
o o

s 3

*

5

Nel

G
T
*

0.94 ¢

%000 2000 3000 4000 5000
JEoK By I/ Mpa
B 5 ARk YIES RS R0

Fig. 5 Effect of different glue shear modulus on strain tran-

sfer rate

SR A TR AL AR R R 4 mm, R[] B Ef
%¢ J2 B X FBG 1 W AR & s R 2 i i g i . 51 6
J AT B B 2 R 5 FBG W ARG 18 R L& .
ML 6 TN, Bifi 5 ) 256 )52 JRE E 1 38 i, FBG o 2% %
RSB TR, B R R S mm N,
IO AR A% 3o R AR AR AR XS V28, BB 3t 5 mm S, S AR £
RN R, Rk, 7R R AL IR AR M R 1 AT R
T AR RN E I K, A G RE R 4 mm,
TR

097

0.96 | —a

5 095
=

#0094 -

Eg‘( \
o3t \

092 F \

0.91

1 2 3 4 5 6 7 8 9 10
PR /mm
Bo AEFEREENETEEENHN
Fig. 6 Effect of thickness of packing layer on strain transfer
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Fig. 9 Spectral variation in FBG before and after packaging
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Fig. 10 FBG flexible sensor detection system
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Table 4 Temperature sensitivity of FBG sensors
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