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Abstract: Fiber optics sensors that have been mainly applied to aerospace areas are now finding applicability in
other areas, such as transportation, including railways. Among the sensors, the fiber Bragg grating (FBG) sensors
have led to a steep increase due to their properties of absolute measurement and multiplexing capability.
Generally, the FBG sensors adhere to structures and sensing modules using adhesives such as an epoxy. However,
the measurement errors that occurred when the FBG sensors were used in a long-term application, where they
were exposed to environmental thermal load, required calibration. For this reason, the thermal curing of adhesives
needs to be investigated to enhance the reliability of the FBG sensor system. This can be done at room
temperature through cyclic thermal load tests using four types of specimens. From the test results, it is confirmed
that residual compressive strain occurs to the FBG sensors due to an initial cyclic thermal load. In conclusion,
signals of the FBG sensors need to be stabilized for applying them to a long-term SHM.

- 7154 - e WEE
- I ERA A=
e . 0T o
Ay @ BT 3% (nm) P R
ap - GBF AT(C)
* Corresponding Author, dhkang@krri.re.kr § - g3 AF(T)
© 2017 The Korean Society of Mechanical Engineers 7o (0)



314 7 3 9.

1. M &

—

H, I a7 U] o] AlE <l
E]Yl(Internet of Things, IoT)S W|E3dFe] F2l =}
2 A L AvntE FEZE(smart structures)ol]
gk A7 A AAIF R e e Fo
th 2 o] A9tk FxE] AnlESLE 93|
Me B4 7ls B dagsd Aid AA T

8
TR A D $FGE Ropl At AviE 7
E
S

l_.

S~

&9 AFE fa AA, AlZ=E, FA 7Y
treFst FAlel gk A7 WA SEA
omE 25Ut HAAVIH WS ol&sted 4
3t A5 22 8] 37 7 AHnon-destructive testing,
NDT)7} = glom Y 253 7% &S
gk A= GdiEa vk ¥ FAHANE g
2N EFAeE 2 14 EUE " (structural
health monitoring, SHM)ol| tjst A7} X a1
ATESY 2 WA RUEE S fsiAE 1A
A B A A 2="e] w2 Ao a5
Ef Aol A} st 5 AEstEe] U=
2 AAME o] &3 7ol AlFHI v §HA

7]
g AR 85
= o

¢

2

AR M A4 Al Bls) Hzr] 3
d (electromagnetic interference, EMI)¥} 22 <]t
o] ggko] §lar, HF7lel 28k H-2(corrosion) &
el sk He £dw QY AZel s

n
# 2 e Mz vk 53, Ad =532
o #g sk @ e MMl s B3 )
F-o 4%l (embedding)©] ddjd oz goldt FA]
fr WA 2mkE FeEd b AFE AM
Zhgura gl oY

oe] FAF AA FolA vtz 3H(multiplexing),
] 5 # (absolute measurement), U] A A (mass
production)ol] 23 FAHF BT A R(fiber
Bragg grating, FBG) AlAl&= 2wlE Fx2ES 9
3l 7hd Agte AME Be A7 2 A8 »Y
olo] zgxa grt.O19 Wxl olye}, FBG AlA
HEE, 29 F g2 dsia dF =<l
A 7THABRR 52 AREA A9 S ntE e
By A A=" 5] Jhsstth 18] il FBG

e

AR

AAE 7|edow WYgE} 2uite] 2 &
YFe AT F o] vFe FHe ArIES
el VSR, W9 T uYdd =eEs 53
g Fxow e 9 Aesly Aw A
ojt}.

25 AalME 5 @AM Fr] ASF 79
of A ow QM olE 9% g H A
| tig el ettt 53], ool &
V1Hog AgA A-EA 715 Wstel] o] it
e 2EHSH(~FAT)E &E F2Ee 2A
Al dalZ7F I7EE ™, o= AlA e A/
A v A= agle] H = otk olF £
&k 2EA AR FE T AAY Fr d
Ao S MM F AR, 13
A 54 eab 3 AAeRE APHER
ole tigt A7F FAEATE 53], S A<
-2(900C C) #74olA FBG

wsjo] @ ol
A 714

L
e
o
g5
o)
Q
Fé
>
©
N
X
o
2

A=)
of meh vk skl o8 fREE A5
A ek dg Arh aE wp QoY A
FATo A, 7 W
@& AAehE WH(Type D AAMT-E @ A
Fohis W (Type IO by, Wk d8Fo]
A5 g Gl hF A F7PE 5
ST} Type I A2 o] 79 ukE datg
gk A% Walsp Ao L@HA ol A

ICERE PR
[e)

o1

]

¢

32
o

22 % &

=2

o

N
Type 119] 7 Wby <
Al -l A d7g A= Wgo] WA o o
3300 Aol E7HA] AA
ATt whebA, Al
A9 Aol el AlEZ7(50, 100, 150, 200,
300 AkolE)ell <Ja] 50 AtelE @9l= Aol
g A=, 50 Alo]lE ol WYl tjEA =
Ak FAo] MaE A gk dAVE AT

b, 2 AFo A= Ad Ao A] gh

SHAl A Eetal SEHATE AAIE Type
ne] w714 WAooz Aze FBG AlAlol] dlsh

el

HHE dakg AlES TS Al el o &
AE =xste] 7] A= ohE e o



F7)59 W datFol W74 FBG AN A% S4 nAs g 315

stgol 7telAl= 7] A A diE] ] Apo]
g WHE FBG AlA9 AsEA WtE HUHY
a3t

ol do ofl B 12 X

asA ol 1

s
il
A

1) T R . c )
o S g 2
W)

i
0>4 0
>/
&
)

AXg=Aplla; +&)A T+ (1—p, )] (

~—

od71M, p,o FEA S (photoelastic constant)
2 22 7} (germanosilicate glass) 341729 4
def 0229 @S 7RIY. 29, o
o] AWAAF0.5x10C)olaL &= A%
(6x10° ~ 11x10°%/C)ol v FAF 2 A] <]
o t}.

FBG AlA =
3 Bejavpbge] Ml (AN,)7E EEE= Al
ARE A =Ro] thekdt 371 S Fa
EEFoRTY VM, WY, 49 T v
g SAE 7hestA "o

X oX

R

A

=
T

oz 1% off

o

W E(e)d 2EWSHAT)
A

)

.

o
(il

o

3. st AI™

B Ao A= FBG AlA 7|Hke]l &7 %
J 2o Slal W del A
A g ool FA e 7] A3t AdES
= e o FA7F AstE o] b
o datgg W W FBG AlAd mA= 9
7} W=3}(accelerated aging) A
. EZH 1;.; x‘li]—;ﬂpq &%l—‘c )\OL%.
FBG®] 37|40l @o] &85+ T 25 (stainless
steel, titanium)¥} A= 5E A3} o EFA] 2F
(araldite rapid, permapoxy rapid)e A17d3}Slth A
A2 A CFA =X 5 2N T AR
B3t S AF e olF =l AEA el
W E -20T~60C o Wtz A 7] A
F71AQ wkE datso] o3k 7S SRS
50 AbelE ©RIE 300 Abo]lE7HA

o o o wv e

AYE AP AT} Ty B AT
Ss} AZ F o) Aol bt A W
A3

g

e gyom A9e

.

32
=

o

3.1 AlE MR

< M@ #l8l Fig. 13 o] ZAzbo] ®A 9 A
A= G FBG AAE Aol A3 FAsts
W (Type IO 2 Alg AJAS A #ak3it. T4
Ao, HA= 9714 % FBG AAe] Al Zte] o
Hhxl o2 wol 8w AH Q1P 27 (stainless
steel 316)3} E]E}iF(pure titanium grade 2)< AF-&
stk mAel A= FU1A mbE o

AEe 99 F2A8719 UE 2718 1y
o] 50mmx40mmxSmm=  7}FESFA T A &Z A=
HeAEt bed FSRAAZ e WNEt
=2 Araldite rapid(HUNTSMAN Co.)9} Permapoxy
rapid(Permatex Co.) A& AF&-3FGlth FBG AlA
+ I (coating)?} =W J(cladding) Alele] w]E
H(slipping)ll o135+ F3Fs wiAlstz] 98 v]Ho]
AAE Fei= AREElth Alfol AHEE FBG
A4 (FBGKOREA Co.)9] “gZolA ] Bz 37
2 Table 13} #om, BF HEALS 70%(6dB), 7

Table 1 Specifications of an FBG sensor

Base materials and adhesives Bragg wavelength
Stainless steel + araldite 1550.6 nm
Stainless steel + permapoxy 1562.2 nm
Pure titanium + araldite 1571.4 nm
Pure titanium + permapoxy 1580.1 nm
Specimen

FBG

l— Epoxy

[ Cross Section A-A’]

Fig. 1 Configuration of test specimens?
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Table 2 Cyclic thermal load imposed to specimens
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Fig. 2 Schematic diagram of the experimental setup
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