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Feasibility Study of a 500-ton Class Patrol Vessel Made of Carbon Fiber
Reinforced Polymer
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ABSTRACT: Carbon fiber is an excellent structural material, which has been proven in many industries, and the
shipbuilding industry is no exception. In particular, in advanced maritime countries, special ships of the Navy and
Coast Guard with carbon fiber composite hulls have already been deployed. In Korea, carbon fiber composite
materials have been applied to a 10-ton class leisure craft or a 30-ton class patrol, but no research has been done on a
hundred of tons or more vessels. In this study, the feasibility study of a 500-ton patrol vessel with a carbon fiber
composite hull was conducted through an analysis of similar cases abroad. As a result, it was recognized that the
developed hull can be reduced in weight by about 21% to 25% compared to the existing aluminum or FRP hull. It
was also confirmed that this light-weight effect can induce the improvement of the maximum speed and the
improvement of the operating range via simulations.
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Fig. 1. Plot of vessel length against the year of construction for
all-composite patrol boats, mine-countermeasures vessels
(MCMVs) and corvettes against the year of construction
[3]
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Fig. 2. Composite patrol boats, mine-countermeasures vessels
(MCMVs) and corvettes [4-7]

<= FRP= A|&tsh= 4971 576k th(Fig. D[] AxE=
FRP 74| 3] 7-9+= Zol7} th 72 50 m-60 m 7 =o]m, Z|
o) 80 mel AulghE 9lck(Fig. 2).

EHA /4G E314A] (carbon fiber reinforced plastics, CFRP)
= AT R 2vl, ' EC] AR 4,
gt Holt vt B4 dZoll AFsat 9 &k wofollA=
=& SR ARSEAL Qo [8-13] AHf Fofo A= BA
2 QE, A718 QEof 2-§5o] el Qlrh[14-18]. E3F CFRP
A= 2EA sl 48] gl 48 S5
o] Autolut g, A ulgol &5+ A= S
UTHL,3].

SRk, CERP 24 712 Zloll A of2j7) Rro] 2
5, W T AARRZE oFA WAl elek. EF CFRP
2 AzH Aukse] A9 44 A=A ofd AaRjols)
ool AATEAA T s EAA ] 7] % 53, S
218 75 7] wEe] BAE AANE} Bol gt

A AHE0] 24 m ofs}el Aluhe] 44 9 Az E
21 18O 12215[19]0]l= AA| A2 A 5-9] QAR
I} A CFRP A A2 AA ol sl thRaL QlaL, of g =
Al 4ol A & o] ISO = A 0] 7]4HEs}o] CFRP A A4+
Z AA} A28 AASHL AAY B 73k 24HA|
TG0l = AAISEAL QlTH(20].

2 A& CFRPE AA|Gtz0] 28517 918t0] 18O =
Az W E Ao F24A AAE vaiA] g
v olom21] A A8 O 2 A|2HE CFRP 2 37 tf /4o
2 AHBAIHS AR Bk QlrH[22]. & A4 ol
gt 71 A-ANE B o2 CFRP AHf 5 tioh¢l &
FAuro] obd F 7t & T & 7 uEhol -85k} i
o|& 17| §Iste] 7|& A A dFulw Ao S4u 2
TRTFAR}S A8kl o] & CFRP AA|9] Au|gte s A
As= A4 At (feasibility study)E H3YsFaLA} g, o]
= 9ol Aulgte] EAo) vt A 25 Adstar, &=
R AR a6 ke TR 2 (digital mock-
up, DMU)E A|2Fs}oict. 3 A A E CERP 7 8[gke] Ayt
= 71EY A 2 dFuwe Audat o) v £Age
X CFRPY| A§aitE 45150t

2. CFRP ZAH|& 7HE M A

CFRP Zu|gh AAsh7] flsiA Hd A A2 ZH|
TS 2ARSH 87150 54, A5 55 vl Z43A
ok E3L 4" FaUEe v e CFRP A3 &
TARRE A ofstarAl gtk FR|gh2: S5 2] Aol
wjzoll S7HE AR WA eFor CERP AR AAof 3
o] ARt A& uIeke] HolEE Egste] AT =N
ERRE wAste] FaAd 34 H st



Feasibility Study of a 500-ton Class Patrol Vessel Made of Carbon Fiber Reinforced Polymer 349

2.1 CFRP ZH|gte| dAITAIE &4

SHA] Fig. 10 w2 FRP Habar)s Aulare] 3
L7} tf2f 50 m-60 m 952 o] &’l"%- Ol‘é‘ A BA =
CFRP 7u]gl Ao Qo] Zu|$ke] Zo](length of waterline,
Lw)7} 5.5 m2 2Rk A7 2, A @ 7712
H], 2 52 183 WA sl 4= (full load displacement)
2 500 ton—600 ton A2 AAsITt

CFRP 7H|eZ AAst7] flsto] =] d== A
A2 ke 2AFSERAL A9, F217), XIHEXﬂ
AA & SHAA S-S EA8 ok 2HE 2 5 8
Argtoll whet o] =toll Al 247]=9] 323 Zu|ghs AL
shaich A 9= Zol7t oF 45 m-70 m F=o|n uj
g+ 400 ton-700 ton 7 r=olch. o3k A& Hu|gte] 54
o QoFshy o9} At

WA ZANSE Au|FE0] AL ZA4 Sl BHHor
Z o] 284532 20 knots-40 knots HEJE 7FX| 1L §loH, &
% 25ei9] A oF 15 knots A% 7441 ek, el of
o e 15 Shasy) G ARl e )
2E Rl 7| #He 2 A e o] Slok e A e o] A
1000 NM F& ZHof 4000 NM7}X] g}ejo] 7|3t Ao 2

olz]gj o, ZAME fHE ] AX|ThS 2000 NM A& 2
F7Fse Ao m It T1ean, F21A 9 A=
& 45715 7 a4 Al s Fdstz] Sl
A& YE A E (waterjet)o| L} 71 1) 2] 3 2 8 2 (controllable
pitched propeller, CPP) 52 AM8-3}31 Qlt}[23]. AA|of 5
2 AN E = A 2= 7 S F 0], FRPE A7) QU
upA ey, el 9= AHIRY] de 54wl &
3, et mALY, 71 T ] SAishe 2| $1E A Al
Aol 5= dlolt, AAFsE 24 A AE 5 AHE FA
sl 9ot

H/dﬂ 751}:]]3]—9,] EZLQ.H]_ E_cﬂ
CERP 7 H|gHe] @ ALl A 2fsqlct. &
o] AA 221E CFRP &A= &5t 21
2= 7 D dRusEY A aA0]7] dZol 55 7

d

ol A A A st
ol A ]

IIO

|

g =
el =

2
i

Table 1. Requirements of CFRP design patrol

Items Value

Length of Water Line (Lwl) 555+ am
Breadth (B) 10.0 + am
Depth (D) 49+am
Draft (T) 24+am
Full Load Displacement (A) 500-600 ton
Maximum Speed (Vmax) 40 knots
Service Speed (V) 15 knots
Range 2,000 NM

Complement 60
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Fig. 3. Similar ships for CFRP patrol design [25-28]

Table 2. Main specification of similar ships

Item Visby | Shoreham | Kimhwa | Soloven

Nationality | Sweden British Korea Denmark
Lo, (m) 72.6 525 50.0 54.0
Lwl (m) 61.0 49.8 47.0 50.0
Bmax (m) 10.4 10.9 8.3 9.0
D (m) 5.9 5.1 45 4.4
T (m) 2.5 23 2.6 25
(ton) 640.0 600.0 512.0 450.0
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Fig. 4. Hull form of the CFRP design patrol

Table 3. Main specification of CFRP design patrol

Item Value Unit
Loa 56.9 m
L, 55.5 m
B, 10.0 m
B 8.7 m
Dy 2.4 m
T 24 m
Cy 0.441 m
Cp 0.771 m
A 561.1 ton
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Fig. 5. Power comparison on CFRP design patrol and similar
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Table 4. Oil consumption information of selected engine

Table 5. Full loading-condition of CFRP design patrol

Item Value
Speed (Knot) - 40 15
Power (hp) 33,600 9,278.5 3,479.4
Oil consumption (g/kWh) 227 84.0 31.5

S thH(Table 4).
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Items (ton) \(/;l:]l; Notes

Hull 218.7 | Hull Lightweight, estimation

Main Engine 90.0 |Gas turbine engine

Gearbox 31.2 |2 set gearboxes of machinery

Waterjet 95.2 |2 items of Waterjets

Fuel oil 12.7 | Full condition fuel tank

Fresh Water 62.0 | Full condition freshwater tank

SSM-700k 3.2 | Weapon, Anti-ship missile

KP76L/62 8.9 | Weapon, main cannon

76 mm Bullet 18.6 | Weapon

40 mm MK3 3.7 | Weapon, secondary cannon

40 mm Bullet 7.0 | Weapon

Ke6. 0.2 | Weapon, 2 item of machine gun

V100 0.4 | Communication systems, 2 items

SPS-100K o1 Command and control system,
surface radar,

SPS-540K 0.7 Command and control system,
anti-aircraft radar

EOTS 0.6 Command and control system,
Electro-optical tracking system

MK.2 r Command and control system,
player

200(V)K 04 Command and control system,
Information detection

Crews 6.0 |60 Crews and personal effects

Total 561.2 | Full load condition
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Fig. 7. Comparison of the tensile strength and flexural strength
change from the design rule and the test results accord-
ing to Gc [22]
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Fig. 8. CFRP laminate specimen fabrication and tensile test
examples (the case of 30% carbon fiber woven roving)
[22]

Table 6. Mechanical properties estimations by RINA Rule

Items (N/mm?) Value (Gc=0.50)
Tensile strength (Rm) 305
Compressive strength (Rmc) 190
Flexural strength (Rmf) 293

Table 7. Raw material information for CFRP structure design

Items Value

Fiber type Carbon fiber

Fabric form Woven roving
Reinforcement Weight per unit area of fabric 400

(g/m?)

Fiber density (g/cm?) 1.8

Resin type Polyester

Matrix P Y

Relative density 1.2

Type PVC
Core material P

Density (kg/m?) 100
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Tensile strength: R = 740Gc-65
Compressive strength: R . = 460Gc¢-40
Flexural strength: R_; = 2.5R /(1 + R /R, (1)
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Fig. 9. Structural layout of the CFRP design patrol
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Table 8. Design results of CFRP structures

Ttems Thickness (mm)
Plate 29.70
Bottom Longitudinal 7.84
Floor 7.84
Plate 19.00
Side Longitudinal 8.40
Frame 7.84
Plate 11.20(0)+100(C)+11.20(I)
Engine Deck | Longitudinal 7.84
Floor 7.84
Plate 11.20(0)+100(C)+11.20(])
2nd Deck Longitudinal 7.84
Floor 7.84
Plate 11.20(0)+100(C)+11.20(1)
Main Deck | Longitudinal 7.84
Floor 7.84
Engine Bulkhead 4.84(0)+50(C)+3.92(I)
Bulkhead 2.24(0)+50(C)+2.24(I)
Collision Bulkhead 4.48(0)+50(C)+3.92(1)
Superstructure 11.20(0)+50(C)+11.20(I)

O: Outer skin; C: Core; I: Inner Skin Total

CFRP

Pve

CERP
2
a

)

* Core
Breadth : 50 mm
Height : 150 mm

* Go 50 wt%

* Schedules
Carbon WR x 14 ply (Web)
Carbon WR x 14 ply (Flange)

Core

Height - 100 mm

* Ge: 50wt

* Schedules

Carbon WR x 20 ply (Inner)
Carbon WR x 20 ply (Outer)

* Schedules
Carbon WR x 53 ply

Fig. 11. Main design results of the CFRP structures
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Table 9. Longitudinal strength evaluation based on RINA Rule

Item Rule Test
Allowable Stress (MPa) 100.65 157.00
Maximum Bending Stress (MPa) 38.42
Safety Margin (%) 61.82 ] 75.52
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Fig. 12. 3D model of the design ship
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Table 10. Hull structure weight calculation from the 3D CAD
model according to structure type

Items Weight (ton)
Bottom (Plate and Stiffener) 29.3
Side (Plate and Stiffener) 14.8
Deck (Plate and Stiffener) 52.3
Bulkhead 1.5
Superstructure (Plate and Stiffener) 3.0
Total 100.9
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Fig. 13. Comparison on the lightweight effect of the CFRP
design ship to the steel and aluminum, FRP similar
ships

Table 11. Light weight effect of the CFRP design patrol
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Fig. 14. EHP estimation results for max. speed improvement
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Table 12. Fuel consumption estimation due to lightweight effect

of CFRP design patrol
CFRP
1
Item Stee .and FRP Design Unit
Aluminum

Patrol
Displacement 595.6 561.1 424.8 ton
Max. Speed 40 40 40 knot
RPM 2827 2666 1475
Fuel Consumption 178 168 93 g/kWh

Table 13.Fuel oil and freshwater weight estimation due to
lightweight effect of CFRP design patrol

Items Value Unit
Service speed 15 knot
Operation Range/day 285.7 NM
Operation time 16.6 hour
Fuel Consumption 31.5 g/kWh
Power 3479.4 kw
Fuel oil 19.0 ton
Freshwater 108.0 ton
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