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Abstract Recently, as research on technology development for small unmanned ships for various
purposes has been actively conducted, the importance of material and structural safety is also
increasing. Fiber Reinforced Plastic (FRP) composite materials with excellent physical properties and
easy to manufacture lightweight hulls are widely used in small ships. In this paper, structural safety
evaluation was conducted on a 12-meter catamaran that employs FRP composite materials for the hull
and aluminum alloys for the connections of both hulls. For structural analysis, a method of directly
entering the physical properties of each material constituting the composite laminate was used, and the
equivalent elasticity could be estimated with an error of about 10% compared to the tensile test results
of this composite laminate. This composite laminated plate modeling method can reliably evaluate
structural safety by reflecting the physical properties of the final laminated plate that can have complex
mechanical properties with various lamination specifications. Structural analysis was performed by
selecting major load conditions in accordance with the rules and application guidelines of Korean
Register for high-speed light craft, and it was confirmed that the evaluation target ship met the required
strength.
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Table 2.1. Laminate schedule and thickness

Specimen Laminate Schedule Thickness
GC+M+EDBM+C70.75(20t)
A +M+EDBM 243 mm
B GC+2M+EDBM+C70.75(201) 253
+M'+EDBM >-> mm
Table 2.2. Material specification
Material Specification
GC Gel-Coat 0.4 mm
M Mat 450 g/m’
M Mat 300 g/m’
R Roving 570 g/m®
U/F Urethane Foam 0.035 g/cm’
EDBM Roving + Mat 825 g/m’
C70.75 PVC Foam 80 kg/m?
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Table 2.3. Material test result

Specimen Item Value Unit Method
N Tensile Modulus 9.1 GPa ASTM
Tensile Strength 161 MPa D638
Tensile Modulus 8.0 GPa ASTM
B Tensile Strength 175 MPa D638
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Table 2.4. Material property data

Product type Young's Glass content %
r P modulus(GPa) by weight
CSM(Chopped
Strand Mat) 8.3 30
Woven roving 15.5 50
Urethane foam 0.730 -
Marine ply wood 8.2 -
C70.75 0.066
EDBM
Fabmat 600:300 13 a7
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Fig. 2.1. Simulation of uniaxial tensile test for
specimen A

Table 2.5. Simulation result for uniaxial tensile test

Specimen A B
Item
& 0.05
Strain(%)
& 0.25
o, 412 408
Stress(MPa)
o, 20.5 203
Tensile Modulus(GPa) 8.2 8.1

PG gdEol ol AlH A|FT Ao Aikg A
2J51H Table 2.63F 2t} $A]o14 Aik= A AJHY 7
- A|Y AdpErt oF 9.9% FA|, B AW FS AlE 2
FtEct oF 1.3% 37 Yeldeh

Table 2.6 Comparison of tensile test and simulation

Specimen Method Young's Modulus (GPa)
Test 9.1
A
Simulation 8.2
Test 8.0
B
Simulation 8.1
A AAFEoR AR ofjet FHE wasn
2 A" gt FRAIE AlEelAE 7t AAISH
o} AJH A, Boll sl §i9] AlojE B3 FPAIES Fig.
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Fig. 2.2. Simulation of flexural test for specimen A

Table 2.7. Simulation result for flexural test

Specimen A B
Item
& 0.05
Strain(%)
& 0.25
o1 4.57 4.56
Stress(MPa)
oy 23.0 238
Flexural Modulus(GPa) 9.2 9.1
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Table 3.1. Principal particulars

Length Overall (LOA) 11.90 m
BREADTH (Twin Hull) 6.00 m
BREADTH (Mono Hull) 1.50 m
Moulded Depth (D) 1.80 m
Moulded Draft (T) 0.60 m
Design Speed (V) 7 knots
Block Coefficient (Cb) 0.60
Engine (Electric Motor) 30 kW x 2 EA
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(c) Midship body

Fig. 3.1. Structural arrangement
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Table 3.2. Material thickness

Mat. ID Name Thickness(mm)

GC Gel-Coat 0.4

M Mat 1.055

M Mat’ 0.703

R Roving 0.703
EDBM Roving + Mat 1.2675
C70.75 PVC Foam 20

&4 AAlE FRPZ AFE e F AAE A5t
€ T 72 EFE I 6063-T6o. &)

F ARY EAAE SAAS 69GPa, EoksH] 0.330]
ot AAier = +2E dZste EE= SUS AZAo]
w EAXE gAAIS 210GPa, EolsH| 0.30]th
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Table 3.3. Total thickness of structural member

Structural Total
member Laminate schedule thickness
(mm)
Hull Shell GC+2M+3(R+M) 7.8
Deck Shell GC+2M+2(R+M) 6.0
W.BHD 2M+3(M+R) 7.4
Ring BHD M+EDBM+C70.75(200)+2M 24.4
Transverse 50x50UF +M+R+M 3.0
Btm Longi 100x 100UF +2M+R+M 4.1
Side Longi 50%50UF +2M+R+M 4.1
3.3 98t muz
&2 32k CAD H[°oEl} Fig. 3.19] -2 HiA|
E‘Eé‘ 2z 3}-0:1 Fig. 3. 28} o] LxEA4L 95k 83t
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HHS 4 J== 9F 100mmx 100mm=E o
4= 21,7130]2 §
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Fig. 3.2. Finite element analysis model
(partial section view)
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Fig. 4.4. Maximum equivalent stress of LC1 for
material aluminum (Unit: MPa)
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