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Study on FBG Sensors for Hull Stress Monitoring
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Abstract

Vessels receive stress during their navigations as well as during their cargo operations. This stress may cause damages to the hull and
may result in accidents. So the hull stress monitoring system(HSMS) is recommended in order to prevent these accidents. In this paper,
we manufactured fiber Bragg grating(FBG) sensor and the model ship for towing tank experiments. The strain characteristics of the
model ship on the water wave were measured through the towing tank experiment. The FBG sensors and electric strain gauges were
attached on the connection jig, and then the characteristics of the FBG sensor were compared with those of the electric strain gauge. The
strain of model ship was increased according to the increment of the amplitude of water wave. In particular, the largest strain was
measured in the center of the model ship. As the wave period increased, the strain of model ship was decreased.
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Fig. 1. Operating characteristics of Bragg gratings.

%5 2483} 470 271k Lwol MR B Feo|HR FBG
of LEUF HHS Fal HolT mgo] SelAny, ol Hej1 1}

Ad, = A [(1-P)Ae +(a +E)AT @)

Aol Ag 2 FAw A7kl 7Hsil MgE W
3, @ < PR 2ol wE WA, &= 2=l ot
e 29E Wek a2 AT & 34 44 7HW g3
HajFolth, o] wf, 2EWSE FAY 4 et 7HY( AT=0)
s M E 21w UAE A2 Zol 23 4 Atk

P& e

o)

o|Z g Hej T vkl upo] Wl 24 Fol P ES ST
Eapii=g
__ 1 AN ®)
(1 = Pe) )‘-3

2.2 flgnra3 Wy

FBGE YAutAa W& o] &3to] A 2shact, 19934
Hill[11] 50] 29kt AT = dFe] 34 338t A2 A 219
A g B St w2 YA st M RHE

-277-

o

5 Zoluo FAAZIHA ARE WA 71 Aafoltt Ak
20 &, 1 & 2eja A 318E A7)t ofef 0 & 34 &
&o| o}F A E JJutAT} AFF ofof 3ttt Fig, 29} 7o) §
At o] F9 Lol Dpyppase Mastd S ZEHLEH SPTRAT
o £ o2 Q7 AoJA 39| 0 A} 3|HE 4= % oY R B, +
12} 3)28& H2 3lo] o] FEL o] gato] FAlf TojollA] 7+
& 4o FAF AT A EE sl W oltHI2),

FBGE= KrF AW #0]#](248 nm)2t A2 S
A ARstE.om| Fig, 38 FBG A& Al2~do|t,

o ol

o}-g-3to]

UV Laser Beam

/ "] PhaseMask

[ YO TN

/4 AN

—lstorder

| Fiber Core

+1storder

Fig. 2. Principles of optical fiber grating manufacture using a
phase mask.
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Table 1. Principal dimensions of the model ship

A % 3 %
Length 1.800 m
Breadth 0.315m

Depth 0.172 m

Fig. 4. The model ship composed of 4 blocks.

Ch& Fig, 5 972 A\ 719f diet Aol

70 mm [

S50 mm

£
=

130mm

10 mm

Fig. 5. Schematic diagram of connection jig.
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(a) FBG sensor

(b) strain gauge

Fig. 6. Sensors attached on the connection jig.
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Fig. 7. The position of sensors attached on the model ship.
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Table 2. Towing tank and wave generator specifications

Towing Tank
Length 40.00 m
Breadth 2.50m
Depth 1.50 m

Wave Generator

Maximum Wave Height 0.25 m

(a) towing tank

(b) wave generator

Fig. 8. Towing tank and wave generator.
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Fig. 9. Experimental results of FBG sensors and strain gauges
attached on the model ship which is exposed to water wave.
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Fig. 10. Experimental results of FBG sensors and strain gauges at
various wave amplitude (Wave period : 1.2 sec).
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Fig. 11. Strain characteristics upon the increase of wave
amplitude.
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Fig. 12. Experimental results of FBG sensors and strain gauges at
various wave period (wave amplitude : 3.2 cm).
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