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Feasibility Study of a 500-ton Class Patrol Vessel Made of Carbon Fiber
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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
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Fig. 2. Composite patrol boats, mine-countermeasures vessels
(MCMVs) and corvettes [4-7]
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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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Soloven, Flyvefisken class patrol vessel,
Denmark

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 2.4 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).

Table 40| w}e} A= 7FAEH QR o] 15 knotsE -3
3k uj] AJZHE 0.1 ton G277} AR EH, o]of wh} 2,000 NM
+F Al F 115.86 A7ko] AME7] wjZo] A2 KA
of 3l= dlB X 12.7 tonO & A E Q).

ESE A4 AL H9= 3R A AAISE 1919] o}
Fof AMBH= H4ER2 295 L(295 kg)E 7|02 $F
0%, & 2L 72102 ANT 23 AA Tl m
of BHe F4 H4TE 620 ton.% ShelEct.

N

2% % XSS R
74

4
A A 91SA A=

=

SlellA &9 S B
A .

—EL CERP AA5te] 222 mejste] AAsHglch

LA A N uwo‘ SSK-700K& 7 H] gH57te] &2
o3B3} ulAeIe] A WSS nejelel AT
= AHEEe) 7Y S5 Al Jtel Had BHe A
Asl7] Y5t 76 mm SHEZE KP-76L/625 A5}t 5
2= g vAlY @AY AT AMEES B0 F 40 mm
)] 1 40 mm MK3E ejstgon, w3, 2|3z o=
K-65 &5kt

ARAEA AA T = CERP A7 Z8|ghe] sk o7
o AEHAY B og ul At o] BEES 9145}
el i 2olE ¢l SPS-100KE FAIsHAL, 78 =
Al & CFRP A7) AH|5he oo Wb o
ojuf BAE & AAY HEEE A4S Al di
o]t ¢l SPG-540KZ gHAal¢ich 1ol 3y @ o5 o]
cle} 370 & CPRP 473k Hehes 345 T8 §)
3l ARG =24 A]AEQl EOTSE €xstitt. E3h, g
ojt| o] HutE HA|ok AS S EH3H7] flek FHEA]
glo]tl &2 SLQ-200(V)KE, a4 1} &4 Alo], -4 3} SAF
ke FAE Sl SAl AILFIRD VI00s AASH T

2.5 Loading-condition

H A1 7H|$H2] loading-condition ¥ FAIEA-S ¢J3l ol
A& ALt AA AT 243141 ct. Table 504 Hol=
A7) FAE AT A7 9 Ha 52 Ast ARz
A 275 Aol 24 0l $A4 47 Fuige] G
L2319t T3, ObA] 2.2-2.4H 0] A A A ut =
A Aj2d" o] BA= 2164 tono|th HI&E 12.7 ton, A4
62.0 ton, -3+ 32.7 ton, A 39} B AIRH| 3.7 ton, &F-Y
6.0tonC. 2 F=AE| o] gt}

2
24

m{m o

N

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
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Total 561.2 | Full load condition
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Tensile strength: R = 740Gc-65
Compressive strength: R . = 460Gc¢-40
Flexural strength: R_; = 2.5R /(1 + R /R, (1)

o] Zake] vl golct.

3.2 CFRP MA|&ZT M|
WA =EE APl ?L U RAN I PR genaciag s

2 5 stelste] ST AR skt n, 4AIe
ul| %] A¥}= Fig. 99} At} AHE2A ¢l L2 A= RINA A
grdol Wi, AR AT [16,21]9] AAZ=
A2g Fnskgc B B A s A 2550|248
st Aoz offEs AATS S22 CFRP 2479
A= A5t

A, Aol 2t AAstES 5] AsiA=
2|49 40 knotsE 2]-8-5F1aL, RINA Agqt7g oA &
Foll s F A A (2)2F (3)[20]0f whek Ao 2
—g—o}‘; QU (hydrostatic head, P,)9} 524 3}5-(impact
pressure, P,) & 43514}, Fig. 102 AXH2] A A|515-2]
A Avfoln] Huf 315S 0.5Lwl QHREof| A 202 kN/m?

o] F4skEol A8 AR ArtE .
P, =0.24Lwl® (1 — hy/2T) + 10 (hy+a-Lwl)
P,>10D ()
P,=15A/(Lwl-Cs)-g-(1+a-V)-F -F-F, (3)

A71A, Iwke: 4% dol, T= &5 he &4 35

Main Deck

Engine
Bulkhead

Bulkhead

Collision
Bulkhead

Secondary Dm
Deck

??-’h

Side Frame

Side Longitudinal stiffener

Bottom Longitudinal Stiffener

Bottom Floor

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

cemp

3

Fig. 11. Main design results of the CFRP structures

o] 47| A= Table 80 RoFsH3It). T A, A5, 7
o, BAA 5 A AAE Y Fig 11014 Holil QL
o o] AR EE AA FA FAD o oA ARgE

3.3 MATZ oty I}

Al 2133 CERP AR -2 SHAAS HESH] ¢
3] RINA A28 [20]0]] whet AR 573 571 %14kt

TAE B7HE AFstr] S8l b AAICHY] w59 =
E (Bending Moment):= 17 ol A AAISFAL Sl =44
uheh 25kl om, 1 ATk= 41,371.6 KN-mO & 23 = G)
o} 3t 39 thH (Midship Section)S 7|&2 2 T A=

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

(Section Modulus)E Auto CADE &-8-35}0] =435t =
Hu SRS B 2% Ao 31 ST AAnol
4] 3842 MPa2 2H-g-5l= 2102 QI e} E]E 1140
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1= et
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4. CFRP ZH|g! Digital-Mock Up
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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
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Fig. 14. EHP estimation results for max. speed improvement
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