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Structural Design and Analysis of Autonomous Underwater Vehicle by
Fiber Reinforced Plastics

Yun-Hae Kim, Sung-Youl Bae, Young-Dae Jo and Kyung-Man Moon

Key Words: AUV(Autonomous Underwater Vehicle, F<1%+4=74), Optimal Design(Z 24 A)),
Structural ~ Analysis(-3341), Pressure Vessel(2 A #]), FRP(Fiber Reinforced
Plastics, A -7d3}Z22H)

Abstract

This research investigated to find out the possibilities of applying FRPs to the AUVS. In this study,
two kinds of metal materials, which is one of the popularly used materials for manufacturing AUVS,
and 6 kinds of FRP materials were considered. Material properties of FRPs were derived by tensile
tests and chemical analysis. Moreover, various types of AUVs were designed by 8 kinds of materials.
From structural analysis, we can find out that the weights of AUV by CFRP-Autoclave could be
reduced by 60% in comparison with the weights of AUV by Al 7075-T6. Also, 40% weight reduction
could be expected compared to the AUV by Ti-6Al-4V. In this result, we could conclude that the
material of CFRP-Autoclave have various merits and potentialities as one of the AUV materials.
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Table 1 Working condition of AUV

Particular working condition

Environment Sea water
Temperature 4718°C
Depth range 200m
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Table 2 Curing condition of FRP specimens
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Table 3 Mechanical properties of metal specimens

. Curing Temp. Curing Time
Specimen name )
(°C) (Min.)
CFRP-
179 125
Autoclave
GFRP-
125 125
Autoclave
CFRP-VaRTM 90 180
GFRP-VaRTM 90 180
CFRP-Hand
25 1440
Lay-up
GFRP-Hand
25 1440
Lay-up

Fig. 1 Specimen manufacturing process by Autoclave
system

Fig. 2 Specimen manufacturing process by VaRTM
Method

Speci 6 6
pectmen E (GPa) 0 S Y h
name (MPa) | (MPa)

Al
72 0.33 2.8 503 900
7075-T6

Ti-6Al-

AV 113 0.31 443 480 550

Table 4 Fiber/Resin Contents & Mechanical
properties of FRP specimens

) Fiber Resin
Specimen E 6u
content content (GPa) (MPa)
name a a
(%) (%)
CFRP-
58 42 57 605
Autoclave
GFRP-
63 37 21 409
Autoclave
CFRP-
58 42 56 331
VaRTM
GFRP-
64 36 25 270
VaRTM
CERP-Hand | = 51 35 295
Lay-up
GFRP=Hand | = o 47 20 240
Lay—up

Gl 2 A &l e s o Alxd
Aol Hisl oF 10%d = W2 As AT
Atk FRP A sollM sl Aol d3&9



940

SR L-RE L L P

fB4

o
o
:0&
Sl

Table 5 Weights of various types of AUV pressure

vessels
) Weights of pressure
Specimen name
vessel (Kg)
Al7075-T6 100
Ti-6A1-4V 63
CFRP-
34
Autoclave
GFRP-
32
Autoclave
Fig. 3 Design model of AUV pressure vessel CFRP-VaRTM 36
— GFRP-VaRTM 41
CFRP-Hand Lay-up 41
oy, GFRP-Hand Lay-up 47
4
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Table 6 Mechanical properties of various types of
AUV pressure vessels

. Max.
Max. von mises .
. Transitional
Specimen name stress ]
displacement
(MPa)
(mm)
Al7075-T6 15.78 0.0061
Ti-6Al1-4V 15.73 0.0085
CFRP-
15.63 0.0077
Autoclave
GFRP-
15.65 0.0224
Autoclave
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