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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 capabilities. 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.

ola] BRAR ARV FolA ANE ohld AF WS FUYA, Folx F3 Ze Yue Pl
ol

z29] Ao A% FEAQ o

«
=

A Eo] BT E4 oAy
L= Hg_o] A AF '1} A 3b A A

Ba Wre o) Aol A7t ab HgElojol stk ofe A Fojx FAH *ﬁl/\i% 54 AHE‘L Lﬂ of A4l

AAolo] B3], Z8 B2 A% AlA(fiber Bragg grating Sensors, FBGALA] =5

i gltk AR, FBG AAE e 9y s EdAR Jdygad 45He=

Aak e A @) disk AAlel b 7igel Aol Algslojok gk 2 AFoMe

oreeizol A& A FBG AAE g3 Wio] ohFakste] A gstr] g 7ol dist

o
LJ
I3
hu
i)
<
=
it
2
-0,
oft
lo 3
i
2
2
i)
-
[L;‘.
:-">i
H
2
&
)
oo dr o 4

multiplexing)7} 8}

o
s
e

o

8 mE o N oo
A

=

i
i O}O
o o
A
oft
) o
o
% e
=
Ty 4
i

2
1
L?[-'z
1R

Key Words : %48 Hej 7L ZX)(fiber Bragg grating), BEHHE 2-R1Y (filament winding), o+l e I (pressure tank), T3}
(multiplexing), AF%d(embed)

o HRALIEATY DAY - BRATRE FYFRAFY, DA RHE-moil:dhkang@krrire k)



2 BEE S - uate - gAE BB B A bR i
L A 8

AT % A2 vE o uFA, vgE o3

WREAY 2 H2E42 b 2eHE dunu 2age

U Agol Frbsin Ut Welde ohidw

AR de9¥aL 32 3957 1229 dmys, o

993 1221 =Y AolAz AgHU Bz 1xE

% shtel WeE dand gEYal ue Baw -

& 7SS e 2EE sl 3 Qo giREe sz

S WA T wnE A e e ATe 2shv

F2E Fol4 o] oge HEoL Mgl ozt

o2 oz, FrE £2 REE A4Hom mwyg

% o) 9o pagel AW A" B Aswe Aol

Zastt. : ; ——
BAs AAE 1TxE 44 F2 3o abelo] 7tks) Fig. 1 Experimental setup for the Fabncatxon of a filament wound

W AT dRe WA gt 193, AHe a8 PR Ak

WA 24F S AL BY ol ko ugEs Aug

A, AR A A 4o gist AR[12] Bt o}
Yot Baa) 22Eo] Hgste 7B WMyBoy ox
5% 54T ATBAF wol ol Rl dUrk ofe] Ba
R AA FAM, AR BT 44 ANE B9 2Y o
% 3F(wavelength division multiplexing, WDM)7} &o0]&}o] 2
e BgtA PREY 7z AW muHZel ue A
T AAR @2 Bilo] AFET Yot BWatuE oy
BHAR AW B ATE ol FHL MM

Hg% 7S 4mny g P
Foedinger 5-[5] STEB (standard testing and evaluation
botle)o] FBG WHE MM &% MAHZS 7tz 4He)shol
dHYaY APy Fob exo MYBL mUEHYsw
AR ingressiegress WOl o] AL Lo (6]
< LT T4 WIS 2L £ Ao FBGHAZ sh}o
HOR 4 g7 Rasia =S+ Al & (water-pressurizing
test) ot WAL T FBG AlMe] F4 wg o]Eatel
Aol 27 € B H(unbalanced) WHE 7S 25t}

A, o] A M= ¥ FBG Al F4] mg o] Ek
o Zolubg HHstmz A7l Hzlg HX]OHH_J A o) 7
HMBES FahxE Falooh. Martin 5[7]1S Hojwe

L AR A B S *J%JOM A 25}
7hel FAEA N o3t A WEE 7y
ok o]Ake] "':!?-OML AZ 49 FBG AAME 49

1418 A& RUEHY & 4 Qo= oy
TYHE eigog Az
o #Ho 4z 327}1_4 FBG Al

%) M% olgsl 9a
AAAT B2 U]
AT ol4el Ao,

PR Yo A Al AR O A B A=
S Aoow o8 = Az YA BEAg ol A
& o AMAE AYeted 2o we S0 s e

e WA muo] ik Hgsie] dps 1%‘5]-‘”‘:}

oRIgE 23R dYYas 28 2 2 Yy
WS Sl wet 1 Aolw w9 A o8 4;
oF Uil s MAE Fot wygse HUEYst= A
of o Fasic}.

2 doAe "atiE oidE Eilga
UlF-oll A12] FBG AlA o] Alz=g
dEo ) WA Az ARE @
A iRl A4 HET 4 gl

Gl
All A

>

HE
o]
o

SEEE]

U 5 Yt e A

49| FBG AlAE 9
Narstaag shot

J

2. IHHE 99 ¢

ofd] 3 Az -

A=A A}
STEB1

2 A7oML detne okl 34 Fo| FBG A4S
A A8 Fe WA BAY solm mRA A
e 27 Ae) 712 AW wele] Ao AeE: by
©2 AzE FBG MIAE o] galo] oju] == (STEB)E )
Zstgich. Fig 1 94old $X2 mojzm 9ok

DY ol ATulE WEL(mantrel) o] Fo] 28
T UAE A8 DR etolt(inenE o] g3t 12} of
SUT T BYYRE o] 87 B olge Ly
BHe el Poh $4, AF  =F7)(ension
controlle?] 2J3) ¢1g2o] =¥E H¢ sle @ 2]
(resin bath)& A WA Mg £27F FHHT AR o] o
sl d2E okely sEo) nfet (Eo = shelgo) ozoix
ok £ Qo] AL 9hld w4l 33 sjely Aot



=
o
S

Yo

B AR MLl HES T 3

STEB12] A}zFe
o= /‘ﬂ

7he

hydro"cn loading) & —0'5]1
.J(ph'lsc mask)ﬂ A A

98] 4rel® FBG AA 2hele thew
s (4 A R B4

2] (high temperature
AN g A TE

=3 AN
©uf 5 gAst | E(acrylate) @|:¥
(rccoatmg)ﬂ Fa Ax% g, ARE
zyzko] FBG éﬂ/ﬂ—f;j' G- 2F % < 7] (arc-fusion  suplicer)& ©]-&
24 gzl AgstA g Fdf A A
= ) Kol
S8l @z 3
o gl IL¥ V"I
olmeto] £2) Fle] Sk Ada AA
e

el 12
STEBIol= 47] AY % 1472 Py

EERR

Chl

CEREER LR

A of A,

ol Aot 2y &

1 47,
Ch2 :
Ch3 :
Chd

EREEE

*ﬁ
o>

jind
R~
o2

1

B

A

S0k ALY B het 2ok

474,
37K,
374,

, Chl
aem ok A F o gdnAelAl 2z s
Al A] Al %

gmol Aol ¢E

Fig. 37} 7Zr& A58 Rt } Ch4/\
o Zmygre HA

HiE ¢l e

2 og8A gt

2.2 ArlE MAMel M=EM A V7|8 - STEB2

STEB19] A=k &
gelao] FBG AlA

> %o, gehlE shely

0.005
> ~—— Channel 4
£
T oo}
2
5]
o
o
2
S 0003k
]
el
e
o
2 ooz
53
'3
i
[=]
2
%0001 |
o=
s L
=

0.000

Il L 1
1528 1532 1538 1540 1544
Wavelength [nm}

Fig. 3 Reflected spectra of the channel 4 of STEBI.

Table 1 Comparison between the processes of previous and revised
Method . .
Previous Revised
Content
i single mode fiber .
Fiber type photo-sensitive fiber

+ hydrogen loading

Multiplexing arc-fusion splicing simultaneous]
o o

. . recoating + adhesive
Protection recoating .
film

Ingress/egress one direction both directions
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Table 2 Residual strains of STEB2

Chanmnel Sensor No. Residual strain (u€)
Fi-1 -359
Fi-2 -158.4
Chl
FI-3 -1L3
Fl1-4 -136.8
F2-1 -492.5
F2-2 -522.9
Ch2
F2-3 -580.6
F2-4 -485.0
Ch3
F4-1 -401.2
Chd F4-2 -302.1
F4-3 -503.9

Table 3 Maximum measured strains during the burst test

Channel Sensor No. Max. measured strain
(pressure)
F1-1 0.95% (2900psi)
Chl F1-2 0.90% (2900psi)
h
F1-3 0.80% (2900psi)
Fl-4 0.90% (2900psi)
F2-1 0.67% (1400psi)
F2.2 0.52% (1400psi)
Ch2
F2-3 0.32% (900psi)
F2-4 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 Table 63} o},
Table 69 23} Wl Table 29] Aot tha Ho|7}
Specification o w
peerieRTon 98 ¢ 4 9tk Table 20) 44 STEBO] 2 WEEol
Material Fused Silica E3} Aeite] 7 glo] MK & WHEB e}
Size 0.5"%0.5"40.5" Sreh A%, Table 63} 7ol ARE Hid 39, % 7
Couting R>99.0%, At \=248m shigel aRel AU ASolE A% gE 2R
Model KRF-RAP-050-UV B 2= glon| m7] ®I L2404 LWl nlolam AmE
Producer Korea Electro-Optics Co., LTD. WA ge wels par ol 7EHge) sl m AF
Au WAoIM A% Bgo] FRAow WAT FI @
Table 5 Specifications of embedded FBG sensors (STEB3) gol Aol 24 Aol d¥E v "eoer gzrEch
Sensor
FBGI FBG2 FBG3 FBG4
Channel oL E = .
Chi O (5mm) O (5mm) O (5mm) 3. %4 Egi Zﬂ —}‘é-’}
Ch2 O (5mm) O (Smm) O (5mm)
Ch3 O Gmum) | O (5mm) | O (5mm) & dotoAl= STEB3S] Azh& detdl e 9felg
Ch4 O (10mm) | O (10mm) | O (10mm) | O (10mm) ¥ =2aga oF Li,}Eg:Lon FBG Al zghslo] ARl &
Chs O (5mm) O (Smm) O (5mm) o . A
Ché O (Smm) O (5mm) O (5mm) 1::
Ch7 O (Smm) O (5mm) O (Smm) o
0w
Table 6 Residual stmins of STEB3 - Ch3, 5, 6, 7 ) }
1] 8
[
Channel Sensor No. Residual strain (pg) % 8-%) /;1_]/\-1 ‘)1‘9) e o] wzro] gha
3- 2200.3 - .
“ = s | PR AEEE Table 79 4 2i5he
h3 - -395.2 -
2ol s7lel Wzl % 7570e) AM7E 4
EZ < ] Ta 1=
F3-3 2623 xR o WS A= 617, & 81%2)
FS‘I 52‘5 ~1 e O T il LS4 ‘L.. k] - )
Chs F5-2 826 £, AlAel 4] AR dyead F
F5-3 -622.5 A7} A gElo] 277171 A&, 84%2] A&
F6-1 -351.1 ] FEol 43718 AlAvE A BEo] 347
Ch6 F6-2 -550.0 AEHE Hol 2 fxo] HAGle] v
F6-3 361.5 LER o)
F7-1 -423.7
Ch7 F7-2 -175:2 Table 7 Survivability of embedded FBG sensors
F7-3 -481.1
Content . S
Attempt Survival Survivability
< - Model
(Ch5, Ché6, Ch7)g 332yltg
STEB3 22 22 100%
dck HEAox STEB3C]
STEB4 12 6 50%
(Smm : 187}, IOmm : H
o 5 0,
N STEBS 12 8 67%
[~ 0,
Table 59 74t} STEBG6 15 15 100%
< 0,
Table S E Wm AAo] YRE T WE uo pE STEB7 14 10 71%
A7 EE] 100%e] WELSS Bk ®3, STEB3O Total 75 ol 81%
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