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Strain Testing of Composite Pressure Vessels Based on Fiber Bragg Grating

Sensors
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Abstract A method of implanting fiber Bragg grating (FBG) sensors into composite pressure vessels with
carbon fiber reinforced aluminum alloy inner liners was proposed to accomplish strain measurement of the vessels.
FBG sensors were firstly bonded on sandblasted liner outer surface at room temperature. The liner was then aged at
high temperature. The carbon fiber was wound and cured at last. Experiments were conducted by implanting 8 FBG
strain sensors into a composite pressure vessel. 6 out of the 8 sensors survived after the vessel cured at 150 ‘C/1.5 h.
Strain measurement of the vessel during winding, curing, hydraulic fatigue and high temperature experiment were

recorded. The results show that the proposed method can reduce the FBG sensors’ intensity attenuation due to liner

surface roughness, and the feasibility of implanteing FBG sensors into composite pressure vessels for strain testing is

verified.
Key words Composite, Pressure vessel , Strain, Optical fiber sensor, Fiber Bragg grating
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Fig. 1 Installation of FBG sensors on aluminum inner liner
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Fig. 2 Aluminum inner line with FBG sensors installed
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Fig.3 Method schematic diagram of limiting resin flow along

optical fiber
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Fig. 4 Winding process of composite pressure vessel
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Fig. 5 Composite pressure vessel after cured
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Tab.1 Change measurement of FBG of composite pressure
vessel during preparation
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Fig. 6 The photo of shrinkage section of composite pressure vessel

during winding
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Fig. 7 The photo of hydraulic fatigue test of composite pressure

vessel
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Fig. 8 Strain curves of composite pressure vessel during

hydraulic fatigue test
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Fig. 9 Temperature and strain curves of composite pressure

vessel during high temperature aging test
3 Hig
P T — RO ML AR A A BRET 4E S 52 5R
B N I ERR ORI 5, SE B T 2 A AR
SURRZESE | [ Ak K % 57 | e il a0 2 o A o A
ARG | SR G AT ML A A A B G A B O E AT
ARSI I BERE T — i O SEAH -
— 115 —



(1) 38 5 75 2 TR O LR L% R R e 7r 22
1 WD b PR AR B AT AN, SR ARG HE T
LF ML BEAR B 50 5 A BEAT Rl L D8 T
AT RPRLRE DR T B G AR E IS = il

(2) 38 53 Ak ™ 15 S5 A BEL L AR IR W L £ it 3 , sk
B T EHOCET O BB SR B D58 T2 L ini kA=
IR

(3) 350 K B 25 D0 45 ik 21 4k 22 1) 14 5 1 B8R
I 258 5 A G ET UM AR5 5 258, e er el
TRIREAE AL SRR T 2Lt 7 2%,

SE 3k

(1] A7 SCe, i, SR A . 25 BORHERIL R AR 4548 Th Y
RIS LT ]. TR T.22,2019,49(4) : 1-6.

SHI Wenjin, GAO Feng, CHAI Hongyou. Application and
expectation of composite in spacecraft structure [J]. Aerospace
Materials & Technology,2019,49(4) : 1-6.

(2] skl 5, ol , TR, 55 . DR S RURTERE
[J). FRMETZ,2013,43(4) :67-69

ZHANG Jianbao, LIN Song, WANG Junfeng, et al.
Performance of composite overwrapped pressure vessel applied
on secondary planet [J]. Aerospace Materials & Technology,
2013,43(4):67-69.

(3] A, EAREE BN, 55 . JHLEOK I X HBE G| N4 &
A PRSP R R W (). 3R Y/ & R, 2015 (10)
26-30.

LIN Song, WANG Junfeng, MU Han, et al. Study on the

influence of winding tension to the thin wall metal lining

composite gas cylinder[ﬂ . FRP/CM,2015(10) :26-30.

— 116 —

[4] MCKENZIE I, IBRAHIM S, HADDAD E, et al. Fiber
optic sensing in spacecraft engineering: an historical perspective
from the european space agency [J]. Frontiers in Physics, 2021
(9):719441.

[5] ZHAO Junqing, WANG Rongguo, HE Xiaodong, et al.
Strain monitoring of composite pressure vessel with thin metal
liner using fiber Bragg grating [CJ//Second International
Conference on Smart Materials and Nanotechnology in
Engineering,2009, Proc. of SPIE Vol. 7493, 74930F.

[6] BANKS C E, GRANT J, RUSSELL S, et al. Strain
measurement during stress rupture of composite over—wrapped
pressure vessel with fiber Bragg gratings sensors [C]//Smart
Sensor Phenomena, Technology, Networks, and Systems 2008,
Proc. of SPIE Vol. 6933,693300.

[7] FRIEBELE E J, ASKINS C G, BOSSE A B, et al.
Optical fiber sensors for spacecraft applications [J]. Smart
Materials and Structures, 1999(8) : 813-838.

(8] WA, il , MR, A5 L A A OGR4
ARIREERZA 1] 15N SO T, 2018,47(S1) :S122007.

KAN Baoxi, YANG Chao, BIAN Heming, et al. Humidity
influence on embedded fiber Bragg grating strain sensors [J].
Infrared and Laser Engineering, 2018 ,47(S1):S122007.

L9 XM, skt , o] E A, 55 . DG LR el ik 2T 4k 4 5
KA MRLZ AR T 2 PERE S hn A i AR I [ ], BB AN/
B, 2014, (7):16-22.

LIU Gang, ZHANG Bin, ZHOU Yujing, et al. Study for
mechnical properties of the composite laminates embedded with

the optical fibers[J]. FRP/CM,2014(7) :16-22.

FHIMEIT.Z  hitp://www.yhelgy.com 20234 4524



