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ABSTRACT

2023 IMO (International Maritime Organization) strategy on reduction of greenhouse gas
emissions from ships are having a significant impact on the modern shipbuilding industry.
Accordingly, the development and introduction of technology for hydrogen-powered ships, which
is one of the ways to achieve ‘0" net carbon emissions, which is the 2050 goal set forth in the
regulations, is actively underway. These hydrogen-powered ships have different characteristics
from traditional ships. The systems that make up hydrogen-powered ships can be classified into
hydrogen storage and supply systems, hydrogen fuel cell-energy storage system (ESS) systems,
and propulsion and control systems. Hydrogen-powered ships equipped with such a system
produce electricity by supplying hydrogen gas to fuel cells installed within the ship and supply
the generated electricity to propulsion motors to propel the ship. Hydrogen gas has a risk of
explosion under certain conditions such as hydrogen concentration, mixing ratio with air,
temperature, and pressure. Therefore, encountering situations such as hydrogen gas leaks and
fires may affect the safety of passengers and crew. Structural safety studies for these hydrogen-
powered ships are at a basic stage and new safety considerations are needed.

In this paper, to consider the safety of passengers when evaluating the structural safety of
hydrogen-powered ships, hazardous areas are classified, and the affected areas are analyzed
according to the risk scenario. Afterwards, finite element analysis is used to analyze whether the
area has sufficient structural strength. Through this process, the goal is to enable this thesis to
become basic research on risk-based structural safety evaluation of passenger hydrogen-powered
ships. To evaluate the structural safety of the ship, the Ministry of Oceans and Fisheries' ‘Structure
Standards for Aluminum Ships’ among the structural regulations for passenger catamarans was
reviewed. Structural safety evaluation was performed by calculating the design load provided in
the regulations and applying it as a load condition (slamming pressure acting on the bottom of
the ship and the catamaran connection structure, seawater pressure, hogging/sagging moment,
lateral vertical bending moment, longitudinal/lateral twisting moment) during finite element
analysis for hydrogen-powered ships. The structure requiring reinforcement was analyzed through
stress and deformation results through finite element analysis. In addition, as described above,
the focus of structural safety for passenger ships is passenger safety, and accordingly, hydrogen-

powered ships must have sufficient strength to allow passengers and crew to safely evacuate in



the event of fire or explosion. Therefore, we reviewed the hazard areas through the Korea Register
of Shipping’s ‘Marine Fuel Cell System Guidelines’. Afterwards, potential risk scenarios for
hydrogen-powered ships, such as hydrogen gas leaks and battery fires, were also reviewed.
According to the reviewed hazard areas and risk scenarios, it was determined that the areas to
prioritize safety for passengers were the hydrogen storage tank, fuel cell room, passenger room,
and hull. Therefore, when conducting finite element analysis for each design load, structural safety
evaluation was performed through analysis of stress and deformation results for the area where
safety would be secured first. It is believed that the conducted research will provide basic research

on the structural safety evaluation procedures of hydrogen-powered ships.
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RI(Risk Index) = FI(Frequency Index) X SI(Severity Index)
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87t

3.1. FE 2 &

= OHH0A AHEY moteaRE@2 48 ZEEY AZEOY CATIA V5 °F R4
AT EQ0 MSC. Patran/Nastran 2023 2 A8t HESHGCH FAZsHM A=
FAFEMESl ZE2 MIORIEEME FoM X3t FLECHEQ ZXHIXZE
HESIICE o|lf, AElo] QEol AL 2D 240 4 Q2Ahell elemen)E2 HAH™ET ZHES

}

o surface =2 ZEISIYUCE Eot 2O B2 SYYTIHELRL ZXHHIX| =0 A
HAlStHe Haat X|£=5 Htgs7| Qs 1D 24902 2 QA(beam element)Z2 A™E HES

} DHZSIRACE Patran O|A meshing &Y Al surface 2F curve AFO|Oj|A
WHOE ot RE0AM EdE EH(node)z 1Sty MM FEO| siYst= X[EOC
surface @t curve & LH+0] ZHYSIRUCE CATIA V5 & Soff RS MM 222 7 9 9
Zom bME mEe &l 10 1aF Z0| Patran 22 import A[ZAFERACE 0 F meshing ¢S
soff ME0| StLte| AENMZE elAlE = UAEE O3 11 0t 20| 4 72| BEE 7HK|= Quad4
QA9 3 7o MAEE JIK|= Tria3 2AE HYX|SHCE £3F 12 12 QF 20| ELUXHE RHS}7|
ot & /4E 23t 27 22X dE 2 dY 7o HYSI=E section 7H AHE|
470mm & 12{3}0] & QA2 & @49 EEIL H2|(element length)= 235mm £ H-SIF LD
HEO| e T 24,578 70| Q49| == & 33,868 7{O|Ct. ¥EOls Fx7|E M 2 H
M1 & M5z #4)0f meh s=AFTIMEr ofto
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10
>
=
rr
o]

2= e 7ts38
QAR Aluminum 5083-H321 & HBSHRACH14]. Eot +AFTIMY 22ARO| Z2 LdR0E
2da =R Aluminum 6061-T6(EM2t X2l T ASARZMUKNZNE HESHACH15].
Aluminum 5083-H321 I} Aluminum 6061-T6 Off Ci$t 24 ME= H 17 1F ZCh MEf9o| o

Oist FHE SYECHHZE BHHBI0] bottom 1t side Off Cist EH2 6mm 1 2 TO| FH&
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a3 9. CATIA V5

3% 10. Patran 22 import
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6.00+00
5.93+00
5.87+00
5.80+00—
5.73+00
5.67+00

. 5.00+00
X default_Fringe :

Max 6.00+00 @EIm 21194 .1

Min 5.00+00 @EIm 19278.1
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Stress result )
(Von-Mises)

Stress result
(Von-Mises)

Deformation result

Deformation result

Bending Stress result i
(Von-Mises) |

Deformation result

oo
Maximum stress: 40.5MPa
Maximum deformation: 3.17mm

Stress result ]
(Von-Mises) sos0

P

Deformation result

Mxof| %83= Fasi

MH 227y
Maximum stress: 40.5MPa
Maximum deformation: 2.03mm

o

Stress result
(Von-Mises)

[t As|M

4 94
Maximum stress: 26.6MPa
Maximum deformation: 2.31mm

Z1KF.P.)

Bending Stress result
(Von-Mises)

Deformation result

Deformation result

Hes
Maximum stress: 29.5MPa
Maximum deformation: 2.50mm

a3 26. UXo %8st= ST

AN EZY
Maximum stress: 29.5MPa
Maximum deformation: 0.927mm

%y g

w

5

u o4
Maximum stress: 25.1MPa
Maximum deformation: 1.91mm

st As|M Zako0.91)



Stress result @
(Von-Mises)

Deformation result

Stress result
(Von-Mises) |

Bending Stress result £
(Von-Mises)

Deformation result

Deformation result

e
Maximum stress: 21.1MPa
Maximum deformation: 2.16mm

a3 27. dXo| 8st= ZRstlT LY [etasly

Stress result
(Von-Mises)

MH 227
Maximum stress: 21.1MPa
Maximum deformation: 1.03mm

Stress result
(Von-Mises)

Deformation result

Deformation result

4 94
Maximum stress: 54.0MPa
Maximum deformation: 1.20mm

mY

1}(0.8L)

Bending Stress result £
(Von-Mises)

Deformation result

e
Maximum stress: 15.9MPa
Maximum deformation: 1.17mm

N 2ZY
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Maximum stress: 28.6MPa Maximum stress: 28.6MPa Maximum stress: 47.1MPa
Maximum deformation: 1.63mm Maximum deformation: 1.59mm Maximum deformation: 1.63mm
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Stress result

(Von-Mises)

Deformation result
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Deformation result

Bending Stress result z
(Von-Mises) l

Deformation result
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Maximum stress: 191MPa
Maximum deformation: 52.7mm

Stress result ]
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Deformation result
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Maximum stress: 78.2MPa
Maximum deformation: 1.99mm
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Maximum stress: 48.0MPa
Maximum deformation: 3.89mm
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Deformation result
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Maximum stress: 195MPa
Maximum deformation: 48.2mm
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Maximum deformation: 1.62mm
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Maximum stress: 47.5MPa
Maximum deformation: 2.41mm
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Maximum stress: 142MPa
Maximum deformation: 37.3mm
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Maximum stress: 50.5MPa
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Maximum stress: 127MPa
Maximum deformation: 32.4mm
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Maximum stress: 43.8MPa
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Maximum stress: 57.7MPa
Maximum deformation: 13.0mm

1y

Stress result
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Maximum stress: 18.9MPa
Maximum deformation: 0.381Tmm
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Stress result b
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Maximum stress: 45.8MPa
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e
Maximum stress: 59.6MPa
Maximum deformation: 12.6mm
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Maximum deformation: 0.864mm
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