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Intemal Strain Monitoring of Filament Wound Pressure Tanks using Embedded Fiber
Bragg Grating Sensors

D. H. Kang™, C. U. Kim™, S. W. Park™, C. G. Kim™™

ABSTRACT

In-situ structural health monitoring of filament wound pressure tanks were conducted during water-
pressurizing test using embedded fiber Bragg grating (FBG) sensors. We need to monitor inner strains during
working in order to verify the health condition of pressure tanks more accurately because finite element
analyses on filament wound pressure tanks usually show large differences between inner and outer strains. Fiber
optic sensors, especially FBG sensors can be easily embedded into the composite structures contrary to
conventional electric strain gages (ESGs). In addition, many FBG sensors can be multiplexed in single optical
fiber using wavelength division multiplexing (WDM) techniques. We fabricated a standard testing and evaluation
bottle (STEB) with embedded FBG sensors and performed a water-pressurizing test. In order to increase the
survivability of embedded FBG sensors, we suggested a revised fabrication process for embedding FBG sensors
into a filament wound pressure tank, which includes a new protecting technigue of sensor heads, the grating
parts. From the experimental results, it was demonstrated that FBG sensors can be successfully adapted to
filament wound pressure tanks for their structural health monitoring by embedding.
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Fig. 1 An FBG sensor line fabricated with a revised process.
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Fig. 3 Configurations and sensor positions of STEB.

Table 1 Specifications of embedded FBG sensors
ChannSeensor Sensors FBG2
Chi 370 Between 1% helical layer & 2™ helical layer
Ch2 37 Between 2™ helical layer & 3™ helical layer
Ch3 370 After 45 layers
Ch4 47} Inside the last hoop layer
Chs 374 After +45 layers
Ché 370 After 45 layers
Ch7 371 After £45 layers
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Table 2 Residual strains of a fabricated tank

Channel Sensor No. Residual strain (pe)
Fl-1 -229.1
Chl F1-2 47.1
F1-3 -185.5
F2-1 -457.1
Ch2 F2-2 -451.3
F2-3 -326.3
F3-1 -200.3
Ch3 F3-2 -395.2
F3-3 -262.3
F4-1 -109.2
F4-2 -398.2
Chd
F4-3 -409.5
F4-4 -423.6
F5-1 52.5
Chs F5-2 -82.6
F5-3 -622.5
F6-1 -351.1
Ché F6-2 -550.0
F6-3 361.5
F7-1 -423.7
Ch7 F7-2 -175.2
F71-3 -481.1

29| AbtolA AzE B¢AE dEga= A3 &

Ho=z Qs Hac dRE xHfA 100~800ue

&Y Eol ALty YSS & 4 Ut szIﬂP
%’—E—OH ArQl =l Al AJS(Ch3, Chs, Ché, Ch7)&] #

¢

rﬂ

Shich QPUYEE TANGLH 1 olFEL

R
2Rk
¢ gae
ERIE

EV* B9t FBG A7 e AN Bogqol P

O

2ol 46}1 MAel A
oz gz

R

2HQ Fyol @

A9
FBG AA7b Atle ghedgac] os

(water-proof test)2 43 3} o}

B3]

U 23 MY
¢ HEF AP A%

939 71YS 3913ty Yoz 2 oA 1,000psi
o Witztzl 2€l8l HE(rotary pump)E ©]&3] 100psi Zt

Aoz YgE F7HAIFIEA AEE

S aystlet,

4 A1EE Y3t Ay Al (experimental setup)2 Fig. 4

Chamber y ] - FBG interrogator

'"'_"'f"'“"A“"‘"”".'f'ff“""'"""”

Computer

Fig. 4 Experimental setup of water-proof test.

o Zoh £ ¥ dEdart sEvk 2 AL e
AFT A|FolEZ Fig. 4048t o] £ Huoz A
ZE A Lol AEE gt AR g=YgIE
Al ] F7holl HAXNZIL FHF AA HAEYL HIEE
Aolzl AES A¥HEY @ FE s F9& ol &3 9
F2 dFste APAR ZAed F0oA AY dlolEE
HS st

2 dtodiAde FBG AlA 439 HES s 1S-7000
348 AA A|A®(FBG Interrogator, FiberPro Co.)3
LabVIEW®2 A)Z3t A5 Ae zZzale ogstgoern
AHG-E FBG HlA| AlARQ] AbFe & 33 o).

Table 3 Specifications of FBG interrogator

1S-7000 FBG interrogator (FiberPro Co.)
Wavelength range 35 nm (1530~ 1565nm)
Average output power 3 mW
Resolution <2 pm
Measurement speed 200 Hz
# of channels 8
Temperature range 10~40C
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