CHgtxMSts| =2 %! Research Paper
Journal of the Society of Naval Architects of Korea

elSSN:2287-7355, Vol, 89, No. 5, pp. 252—261, October 2022
https://doi.org/10.3744/SNAK.2022.59.5.252

Km Check for updates

—_— — —_—L = —_
Ligh dsit 28 AlLiz(<0]| 7[Het el &eis
oS 1L
=28 87t
242 2| Us 8 MEE T LT ol uEP P
SHoisin MY E s
SHoistn X828 AETsF
MetiEtm xMaYZE P
NSUEm YA A
CHEHEI2 St R AT

Operability Assessment of a Naval Vessel in Seaways Based on Seakeeping

Performance and Operation Scenario

Sungeun Choi'- Kiwon Kim'-Hoyong Kim'-Jeonghwa Seo" T - Kyung—Kyu Yang®- Shin Hyung Rhee®*- Beomijin Kim®
Department of Naval Architecture and Ocean Engineering, Chungnam National University1

Department of Autonomous Vehicle System Engineering, Chungnam National University2

Department of Naval Architecture and Ocean Engineering, Seoul National University3

Research Institute of Marine Systems Engineering, Seoul National University*

Naval Force Analysis, Test and Evaluation Group, Republic of Korea Navy®

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

The present study concerns assessing the operability of a surface combatant, based on the Percent—Time—Operable (PTO). For validation
of the seakeeping analysis in the regular waves, the model test is first conducted in a towing tank, The seakeeping analysis results
in the regular waves are expanded to the irregular waves, considering the wave spectra around the Korean peninsula and in North
Pacific, The seakeeping criteria of the surface combatant in transit, combat, replenishment operation, and survival condition are defined
by the literature review, An annual operation scenario of the surface combatant in two operation areas, i.e,, advance speed and wave
direction, are combined with the seakeeping analysis results to assess PTO, The main constraints of operability of the surface combatant
are identified as the pitch angle and vertical velocity at the helicopter deck,

Keywords : Naval vessel(gHs). Percent—time—operable(2& 7ts AlZE HIE). Operability(2& ). Survivability(AHZEA)

1. A—I 2 = ol 2idsP| st & EXCt H|XEH 2477t Hosoda et
al. (1983)oll ol FH=U=], £, $H ISz 252 3
Yol Ligh M52 go| M chHdlM EaMo=z Eolslol Jol w2 sx2lo| R 82| AEHE LIERKICH

Stz AlElez, E3 slAMel =70l it AR E st = ST AN QolE, o F2 B FH|e| 28 7| S
UKo 0{FZ mCisiCt FHHMC2E SH slatMeiolA & 2 T2f5) Uig A5 7152 HsPIx sioh olz{sh Tl oisl,
At 4= Ql= ge| 25 377} 7|Fgf Ol5109M T £=5llof| = Stz | E(North Atlantic Treaty Organization, NATO) 2
R 2ol X|Zo| A=XIE HotsHHl Eick Zo| Y ulg Ms szt S| Military Agency for
S| YE M 7|ER 72MeR Sxde Aeidg 1Y Standardization(MAS)0lA STANAG4154 EZ=0kS MZSHHf Q)
3l HBIct Graham (1990)2| AollM= Ste| £ 2Ixlof &= Ch (MAS, 2000). 0{7[ollM= &o] ZFM L2 MAMlEH 2535}
2ol M QUS uf Euksk 7SR oISt Wol, n|n2d S 0, F2 EFAH<C| 280| 7ts3t & 25 =?is 2z st

Motion-Induced Interruption(MIl)2k2 Aetst, 0|5 &t Lt 7| 0f gt Ms MHe| 7|Foz &8shk= oAE 2Rt

Received : 20 June 2022 | Revised : 1 August 2022 | Accepted : 3 August 2022
1 Corresponding author : Jeonghwa Seo, j.seo@cnu.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.3744/SNAK.2022.59.5.252&domain=http://jsnak.org/&uri_scheme=http:&cm_version=v1.5

g

£|A

o

rlo

2. MA 5} UA T 0|AlIE - ZIHE

: ?:le'on"_'?:llﬁ;?_Jo"' S

STANAG41540i|M =

o0 =0 O

28 5882 4|5 M F

List 7|1F=o| MA IPHof| 2X|ek
=0, & 284 AL, §
T & 25 2R, 28 oA S8 2F 2o A9
0| 7kstt & 75 Al BIE(Percent-time—operable, PTO)
Tote niEg Eolct
Oz 28 E84| 2ol el LiE M52 "okl
o| A2 Comstock et al. (1982)7} RUct of7|M= 7_,%
£ 28 & U ol si=tel S chal oAzt
47tsIACt Ol 2lsh 2t &l 28
H““EHHd dhl g, Bol SHAkAKE &l
72|37 HEMOR PTOS AMSICE Bl%
2t ol gk Mol 28 HF &

2= 12 Schaffer et al. (1983)2]

ol
ok
10

|

>

> 0o o
ot o

mjo

Ok
e
v

il

S
——t
)

10 o

o

=

o ook
Jal
AL}
_O'L
' Ho

I ox

-1 mo ox ofr !

Ho
0

r
0

(4] i
0
okl
Ho
td_

92
1o
ol

lm]
==

o 0F gx UM
:IOI__I

I

ok
ol
§§

2o
[0

tu

gi

=

i
bl
ook X -'-

o
W g B

=
El
ol
HI =
o
e mo

ﬁ
o 2o

2

ol ok r x
N}

b
o1 T0{ M= STANAGA1540flA CIZ Ligoi| 7|Ek5i0d,
| 7|F=2 MI2L, "ok, 0|8 28 7t AlZKY

ol 28 Mol 2iEolM e ds2 T

?9
nl
S

|

ol
ok
1o

=
0x
ook ofr
|0

2 re

I'
_]':_I
n
ol
Ar
ﬂJQ—'—l]

X

o]

0>I

lo X
=l
0%
or njo
HT
8
in)
rh _|
re
Y
gl
10

od

=
0%
0x

] %
_
_OH rir
=
o I'_Ol
> 1=
m *g
ro
>
e
oF S
o212
k> fjo
ol |
fr oo
o 12
s
o =
2w
o
8
2

2 oM oM 2F=EE e s 71 O 2ZH

5t 25 ZAL ATIE HEoZ & ofqlof M= gt A

2 Hol= 1HE EXct sy -_r‘i1l7“°| “71| ==

o EFet /X7t Halixx| L2 A s

Ms 7|F2 dg 9Tl gletz, Schaffer et al. (1983)2e] A7
| = -IA-IO“ 7|I:I|-o|- |_Ho|- M= 7|7co xi =3

o= S oo 1o
SIACE A gt MATL A=l B Fole| SRt fIRIVEE
szl Alefoidel THEl e M5 JIFES Mk e

STANAG4154 (MAS, 2000)2 E".T'ﬁ* —’F UCH
Nordforsk (1987)0A= =i
&t w_io°| 37IE Table 13'4

9[ 2= E—'?— %Bl = Ei(Slngle significant amplitude,
SSA) ez &2st0d LIERHRICE ol= Al 1/3 25 7|9 B

2l & 7ol 25 AHEYH HA MEZe| 28i2 Fs5Iict
SHo| Ust Ms 7|Zol= Light manual work2b Heavy

manual work? F ME=(0{ LIHX| M| 71X| 7|22 & 230l 2=

SIX| k2 EfSME CjACZ Sk =71017| o M35iK| g

Table 1. Seakeeping criteria with regard to acceleration
terms and roll motion (Nordforsk, 1987)

Single significant amplitude criteria
Vertical Lateral . Description
acceleration|acceleration Roll ()
0.40g 0.20g 12.0 Light manual work
0.30g 0.14g 8.0 Heavy manual work
0.20g 0.10g 6.0 Intellectual work
0.10g 0.08g 5.0 Transit passengers
0.04g 0.06g 4.0 Cruise liner

=t MZ20lA CIE Hosoda et al. (1983)2] ¢70IME

Nordforsk (1987)2} HIskH| & 3700l w2 Sx2le| 2
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Table 2. Limiting—motion criteria sets for 5,000 ton—class
destroyer (Bales and Cieslowski, 1981)

ltem Tasks
Motion and . Combat | Full Seaway
Location ) . R
events operation| mobility [survivability
Roll () - 5.0 10.0 30.0
Pitch (°) - 3.0 3.0 8.0
Deck
wetnesses | Station 0 (FP) 30 30 50
per hour
Slams per | g tion 3 20 20 50
hour
Emergences Sonar dome 24
per hour
Vertical .
acceleration Bridge 0.49 0.4g 0.8g
Lateral .
acceleration Bridge 0.29 0.29 0.49
vertical Station 4 2.0
velocity (m/s)
Lateral Station 17 | 2.0
velocity (m/s)
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Table 3. Limiting—motion criteria sets for the concept
design of DDGX (Schaffer et al., 1983)
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3. g siY
3.1 oia Y

oi7of A=l 852 DTMB5415M gf&do|ct. ol& of sfiZe
DDG51 aolHaz T&EEHArleigh Burke—class destroyer)2
| JNEMAIor & odmxo=z ZUHE el DTMB54150]
s, 25 A2t MeAst AT E 2lsl 2X|Z(Bilge keel) Tt A
Ef2|0|X(Stabilizer) S Z=Fet &&olct (Toxopeus et al.,
2018). Fig. 12 Chal gtgol A HEolct

Table 40l CHA Bt3do| =@ FEE 7|MIYCE Lig AlRE 9
S A DHE2 52 Iy @&el 7|7t

0.

A
ZAH| 1/552 MZteiict. A e
26mriEe R Art Buf e AlRE flet Faigh 77 sixol
Of{Z0| AACE wEpM Aol ARSE Mol FA| vixl=

[¢]

ltem Tasks
Transi AAIZ =2 cl=EA M8=9%Uen, 0|E Table 42| Model
Mo;i?er;tznd Location and | UNREP | Combat (set) =0l FASIZICE et 282l MMl AR Mool
combat (Designed)2| sF=o0|ck
Roll () - 10.0 5.0 13.6
Pitch () - 3.0 2.0 2.7
Deck
Wetnesses | Station 0 (FP) 30 30 30
per hour
Stams per | gy tion 3 20 20 20
hour
EMergences | o ar dome | 24 - - Fig. 1 Lines and geometry of DTMB5415M
per hour
Verhca! Bridge 0.4g 0.4g 0.4g o )
acceleration Table 4. Principal particulars of the test model
Lateral .
acceleration Bridge 0.29 0.29 0.29 symbol Unit | Ship Mgdel Model
Longitudinal . (Designed)| (Set)
acceleration Station 3 0.29 Length bet
il engin between |, 1142.0 2 582
Longitudinal Bridge 0.14g 0.2g perpendiculars
acceleration ) ' Breath B m | 19.06 0.347
Velc\)/cei?lc(?rl]/s)Helicopter deck| 1.34 Draft 7| m|615 0.112
y Displacement | v | m® | 8424 0.0506
Block coefficient Cp - 0.507
Bales and Cieslowski (1981)2} Schaffer et al. (1983)2| ¢4 Longitudinal center
TollAM o|=AM EZE(Full mobility), 0|5 2 ME =H2 Mz Z of buoyancy from | LCB | m |-0.970 -0.0176
2 2 VIEE 2= A & = Uct 32|12 Schaffer et al. _midship
Vertical center of KG 4 013 0.133
(1983)2] oA T0IM Hokel M #2! 2F 7|Z2 DDGX AH) Al gravity from keel m | 7.547) 0.137 0.
X © S i i iliti =
2N T AFeKReaquired operational capabilities, ROC)ol| [HE Transyerse' av | m | 1951 00355 00393
2oz AN gHel 28 side MafEt Aoz Heksjel & of  Metacentic height
Rall radius of
ToIME 0|2 Oz Mes5i%c ayration K - | 7.05 0.128 | 0.114
a5 =l = - ; i
MNe|siKiHe 2 od70f| A= Bales and CIeS|OV\_/SkI (1981)2] A ZI‘tCh iﬂd yaw ky k| — | 355 | 0645 | 0.685
oAM= MZE =2(Seaway survivability)THS %Sk, Schaffer radius of gyration
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Table 5. Regular wave test condition
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Fig. 2 Test setup of seakeeping test

Mol FAHSA Ix[ol ZAMAZSEX|(Inertial measurement
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0.8 ) 4 0.8
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0.4 2 0.4 e
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~
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=060
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0.2

S = N W s
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~

1.2 1.2 « EXP.

1 —Aqwa_V&V
0.8 —Aqwa_Des.
: © Toxopeus et al. (2018)
0.6
0.4
. 0.2
0

0 2 4 6 we/L/g 0 2 4 6 we/L/g 0 2 4 6 we/L/g

u =120

0.8 o
0.6
0.4
0.2

S = N W bk L

Fig. 3 Comparison of seakeeping experiments and numerical analysis (0° < u < 120°): Agwa_V&V and Agwa_Des. mean that the
GM and radius of gyration are set to be same as the experimental condition and designed value respectively.
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1 5 1
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0.6 3 0.6 u
0.4 2 e 0.4
0.2 1 A 0.2
0 ° 0 0
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0.8 - 4 0.8 —Aqwa_Des.
v © Toxopeus et al. (2018)
0.6 3 0.6
0.4 2 0.4
0.2 1 0.2
0 0 sat e, 0

we/L/g 0 2 4

=180

6 weL/g 0 2 4 6 We+/L/8

Fig. 4 Comparison of seakeeping experiments and numerical analysis (u = 150°, 180°): Aowa_V&V and Agwa_Des. mean that the
GM and radius of gyration are set to be same as the experimental condition and designed value respectively.
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Table 6 Annual seastate occurrence around the Korean peninsula and in the North Pacific

H,y (M) T, (Korean peninsula) 7, (North pacific)
Seastate Range Mean Pro?;l)aility Range (s) prObl\g(éls; o Pro?;?ility Range (s) prObl\g(éls; o
0-1 0-0.1 0.05 5.44 - 1.30 - -
2 0.1-0.5 0.3 18.94 <79 3.4 6.40 51-149 6.3
3 0.5-1.25 0.88 50.08 < 8.6 4.5 15.50 53 -16.1 7.5
4 1.26 -2.5 1.88 22.54 <97 6.3 31.60 6.1-17.2 8.8
5 25 -4 3.25 3.00 57-11.2 8.2 20.94 7.7 -17.8 9.7
6 4 -6 5.00 15.03 10.0 - 18.7 12.4
7 6-9 7.50 7.60 1.7 -19.8 15.0
8 9-14 11.50 1.56 145 -215 16.4
9 > 14 > 14 0.07 16.4 - 22.5 20.0
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