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The Improvement of Survivability of Fiber Bragg Grating Sensors Embedded into
Filament Wound Pressure Tanks

D. H. Kang™, S. W. Park”™, S. O. Park™, C. G. Kim"™

ABSTRACT

Among many fabrication methods of composite materials, filament winding is the most effective method for
fabricating axis-symmetric structures such as pressure tanks and pipes. Filament wound pressure tanks are under
high internal pressure during the operation and it has the complexity in damage mechanisms and failure modes.
For this reason, it is necessary to monitor the tank through its operation as well as whole fabrication process.
A large number of sensors must be embedded into multi points of the tank from its fabrication step for
monitoring the whole tank. Fiber optic sensors, especially fiber Bragg grating(FBG) sensors are widely used for
various applications because of good multiplexing capabilitics. However, we need to develop the embedding
technique of FBG sensors into harsh inner environment of the tank for the successful embedment. In this
paper, we studied the embedding technique of a number of FBG sensors into filament wound pressure tanks
considering multiplexing.
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Experimental setup for the Fabrication of a filament wound
pressure tank.
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Fig. 2 Configurations and sensor positions of STEBI.
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Fig. 3 Reflected spectra of the channel 4 of STEBI.

Table 1 Comparison between the processes of previous and revised

Method

Content

Previous Revised

single mode fiber
Fiber type ¢ photo-sensitive fiber

+ hydrogen loading

Multiplexing arc-fusion splicing simultaneously

recoating + adhesive
film

both directions

Protection recoating

Ingress/egress one direction
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Fig. 7 Reflected spectra of FBG sensors of Chl, 2, 4.
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Table 2 Residual strains of STEB2

hChannel Sensor No. Residual strain (ue)
F1-1 -359
Chi F1-2 -158.4
F1-3 -11.5
Fl-4 -136.8
F2-1 -492.5
F2-2 -522.9
Ch2
F2-3 -580.6
F2-4 -485.0
Ch3
F4-1 -401.2
Ch4 F4-2 -302.1
F4-3 -503.9
Table 3 Maximum measured strains during the burst test
Channel Sensor No. Max. g:::x:) strain
Fl-1 0.95% (2900psi)
Chi F1-2 0.90% (2900psi)
F1-3 0.80% (2900psi)
Fl-4 0.90% (2900psi)
F2-1 0.67% (1400psi)
m F2-2 0.52% (1400psf)
F2-3 0.32% (900psi)
F24 0.35% (1000psi)
Ch3
F4-1 0.58% (1400psi)
Ch4 F4-2 0.62% (1400psi)
F4-3 0.60% (1400psi)
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Table 4 Specifications of the reflection prism

Specifications
Material Fused Silica
Size 0.5"x0.5"x0.5"
Coating R>99.0%, At A=248nm
Model KRF-RAP-050-UV
Producer Korea Electro-Optics Co., LTD.

Table 5 Specifications of embedded FBG sensors (STEB3)
Sensor
Channel FBGI1 FBG2 FBG3 FBG4

Chl O (5Smm) O (5mm) O (5mm)

Ch2 O (5mm) O (5mm) O (5mm)

Ch3 O (5mm) O (5mm) O (5mm)

Cha O (10mm) | O (10mm) | O (10mm) | O (10mm)

Ch5 O (5mm) O (5mm) O (5mm)

Ché O (5mm) O (5mm) O (5mm)

Ch7 O (5mm) O (5mm) O (5mm)

Table 6 Residual strains of STEB3 - Ch3, §, 6, 7

Channel Sensor No. Residual strain (ue)
F3-1 -200.3
Ch3 F3-2 -395.2
F3-3 -262.3
F5-1 52.5
Ch5 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 F71-2 -175.2
F7-3 -481.1
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Table 7 Survivability of embedded FBG sensors

Content i o
Model . Attempt Survival Survwablhty
STEB3 22 22 100%
STEB4 12 6 50%
STEBS 12 8 67%
STEB6 15 15 100%
STEB7 14 10 7%
Total 75 61 81%
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