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Structural Strength Assessment and Optimization for 20 Feet Class

Power Boat
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Recently, there has been a growing interest in marine leisure sports and high speed power boat for fishing, The prototype of 20

feet class power boat was developed and authors are joined in this government—led project, The research was performed to

evaluate the optimal structure and design of the structural strength necessary to ensure the structural safety of the power boat,
A new material ROCICORE fiber added to the mat and roving was adopted for high—power tenacity. ANSYS Workbench has been

used to make the structural model, evaluate the strength and optimize the structural design, The response of the structure to

quasi—static slamming loads according to the rules and regulations of ISO 122155, Lloyd s Register of Shipping and Korean

Register has been implemented and studied, An optimization study for the structural response is carried out by changing the

plate thickness and section modulus of stiffeners, The power boat structure derived fuel efficiency is optimized by performing the

best possible structural design to minimize the hull weight,

Keywords : Power boat(IF=E), Design pressure(AAIQIE). Structural analysis(256HAd). Structural optimization( 2R %&S)
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Table 1 Material properties

structural | general | 2Mat+2Rov+

Material steel | FRP | ROCICORE
Density [kg/m®] 7,850 | 2,080 | 1,494.4
Tensile yield strength 950 115 170.46

[MPa]

Young's modulus [GPa]| 200 8.770 8.408

Poisson's ratio 0.3 0.23 0.23

2.2 P=5|A Y

Q| CAD Z=2IofA 2FMeh 2Eo| M3 CAD HlOEIE
7|92 Sk1, Fig. 12 Fig. 20l 2ol mfe|=Eo| bhifix| e}

ZoS|cH 2 2x510{ ANSYS Workbench v. 16.201IA1 T2=3l
A PUS AMSIQICt Mute] FOX|E Table 20l F=FA|

o| FMet clHAI4E= Table 30i LIERH B} ZC}

D= SHELL181 224, EZ|j= ciede] EMo| =
BEAM188 247} AR2=|211, element 5,1737H, node 5,0717H
7t ARBEIQIEHFig. 3 &),

DL,

Fig. 1 28 feet power boat

MATERIAL SPECIFICATION

Il CABIN ROOM

&,
| ™ |
— \\4_7 S — I _ )
N == ==
R IK ——— TANK ROOM 1.
i [\ sy e
[Ny l\iw‘t | — Mﬁ//ﬁ q
T To— et T
s N, i i
@~ - B |
- ~L 71 | L
]

Fig. 2 Midship section of power boat
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Table 2 Principal dimensions

Length Overall (LOA) 10.135 m
Length Between Perpendicular (LBP) 7.700 m
Length of Waterline (LWL) 7.323 m
Moulded Breadth (Bmax) 2.940 m
Moulded Depth (D) 1.100 m
Moulded Draft (T) 0.650 m
Design Speed (Vs) 25 knots
Displacement Volume 7.168 7
Displacement (1.025 ton/m?) 7.347 ton
Table 3 Materials and dimensions
Structural member dimension
(mm, cm)
Keel Plate 13.71 mm
Center Side and Bottom Plate 8.44 mm
Stem, Bottom reinforced plate 10.20 mm
Deck Plate 7.38 mm
Floor 101.5 cn?
Floor (below main engine) 150.2 cn?
Side shell web frame 13.5 ar?
Deck trans. beam 13.3 cn?
Deck longi. girder 21.9 cn?
Bulkhead stiffener 129 en?

0.00 1500.00 300000 (i)

75000 225000

Fig. 3 Finite element model of power

boat

=x=A

[e]]]

2.3

IHEZAE (SO 12215-5, 2008), ZO|=EMZ (Special
senvice craft, 2015), eF=2Mg (D47 =M HAl 2015)2|
HollM HMAIH AU (Table 5)2 Mo 2Esks sz
H25ICt 1S02t LRe| A2 &g xEkst 545 e 1Y
5P7| 25l displacement mode2} planing mode(X%+= non-
displacement mode)2 T-25104 MA5IE0| MAI=AL, Olof
Hop AZisE 42921 planing mode2| AAQfzde MEASIGCE

2 M 7] AEolMe] o MAseiY AAREE HbelH
Table 42 20] ISO > LR > KR =MZ 377} Fo{Fct a2l
Z} fiEolMe] i MRS =2 ool 20MER mRIEEd ME
5101 Fig. 4 ~ Fig. 62 MAU2S MESIRIL, 0 Mol &

e MATIE HSUH2 eE XIESI HBSC

Table 4 Maximum bottom slamming pressures (kN/m?)

ISO LR KR

69.08 64.27 52.01

Table 5 Design pressures

Regulation Pressure
Bottom pressure
Side pressure
SO
Deck pressure
Pressure for superstructure and deckhouses
Hydrostatic pressure
Loads on Hydrodynamic wave pressure
shell
envelope Pressure on weather and
interior decks
LR Bottom slamming pressure
Impact . .
loads Side shell slamming pressure
Forebody impact pressure
Component Deckhouse, bulkhead,
design loads pillars, cargo deck
Bottom slamming pressure
Bottom pitch slamming pressure
KR
Forebody side and bow impact pressure
Sea pressure
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Table 6 Boundary condition (o : fixed)

location Dx Dy Dz Rx Ry Rz
edge A - o} - - - -
point B o] o} 0 o] 0 0
point C - o] 0 - -

0000 1500 3.000m)

0750 2.250

Fig. 7 Boundary condition

J2|1 ZAZZo| 2f5h siMrHEe| EHEHAS M| £
ol ANSYSOIM MESH= Inertia Relief(ZAAHSHH) 7152 Al
39l o|H2 MEENG|MolMDt MErtssin, 2FolA
BT Elnt 3Tt 7S EEOIM REE 2D 48 oF
O{oF 5t= ®2|2 ANSYSOIM= 3AF SiAM2| A inertia relief
Qo] FI1Mol A=A 670 ol5tZ HMist AREE|T RUck

% ‘/ —=Pitch slamming 2.5 :rL—'- H A J_"l-
o = Forebody side and bow

mpact Ml 7IX] 8ol AESH dASESS ME3I0] siMg Rt
" e 1S Table 72} Fig. 80 LIERHRICE ZCHS24n} H|ChHei
P A 4 : e 9l A2 180 > LR > KR 2| Aol ZnE AU, 1ISO MA U=
O w0 2 M83h 1 von Mises S7+S2{(R4HR)Zte| A MAjmn}
MHUF SZ0] Shb= ollM 42.4MPa2| Z[cHEts LIEfUC
Fig. 6 KR design pressure MEZo| QIMZTel 170MPa2| 2F 25%0 21l FxEo=z of
Mot goket o= Aok ot Mele| g2 26.14mmE
2.4 BA=A cabin room@| X|SollAl 3H L5IR=H| Ol= cabing XIX|5t

£ 7|S0| slisx| e 2 meklct
gityoz el oigt HMTzsiMe s et £5F | 7HK| Rof| o|FF ZAsiEe| MeZn} WS )
& BHZE FEo| ARTol et TH0RE XYk, F S, HaAje| F, Mo, Sgl2HES| F7|=
oM 7Blixl= stEe MEsict FAzAHE P50l st S2o| T able 70l LIERH HiRF Z0] 1SO > LR > KRe| M2 LIENCE
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ISO 12215-5 LR KR

equivalent
stress

displace—
ment

Fig. 8 Results of structural analysis depending on three different regulations

Table 7 Comparison of the analysis results

OUPUL) (67, ) | Ormax '/\A/]S;i grllaeér Bg/rl%)i(hg
Classificat [iPa] | L] | FOfce | Force | Momert
1S 42.40 | 26.14 |-31.14| 10.75 | 2.36

R 36.00 | 20.98 |-27.39| 9.04 | 2.43

KR 3299 | 17.16 |-24.88| 7.74 | 2.38

ISO ol o3t Mol Zele 52, ek, ggews  Fi0- 10 Shear force

£ Fig. 9 ~ Fig. 110l LIERHRACE

Fig. 9 Axial force Fig. 11 Bending moment
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sl ANSYS WorkbenchollA X|&3k= Design Exploration 7|52
ARESIF D, =M} 92 gradient 7|8t LD2|ZE22 global
search7} =8t ASO(Adaptive Single—objective Optimization)
£ AlEsIqict.

e nfHES| My Fo|1, MAMHTREE Ele
SHet EZRHe| THHAITE MEHSIIoN, Moixzies S5 S

2ofl ISO7t Mokt oHAI 28 MEst ARZZ3 S 0l &5ICh

Table 8 Optimization result with ISO design pressure

initial | optimum | change
ltem
value value [%]
Keel Plate 13.71 5.94 -56.67
Fore Btm Plate | 10.20 8.91 -12.65
Plate
Thickness Bottom Plate 8.44 4.4 —47.75
[mm]
Side Shell Plate| 8.44 413 -51.07
Deck Plate 7.38 3.06 -58.54
Floor below _
main engine 150.2 0.32 99.79
Section Floor 1015 | 032 | -99.68
Modulus
[om®] Web frame 13.5 1.73 | -87.19
Deck girder 21.9 3.77 -82.79
max. deformation [mm] 26.14 99.72 | 281.48
boat mass [kg] 1,245.80 | 514.56 | -58.70
max. equivalent stress [MPa] | 42.40 84.68 | 99.72

ZES|ULLEDA| FRPAML| 77 |F(MLTM, 2011)0ll 2[5 7|
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