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In the present study, seakeeping performance for an amphibious vehicle in regular head waves was analyzed and evaluated

experimentally and numerically, First, seakeeping tests were performed to confirm the vehicle' s motion response of heave, pitch

motion and vertical acceleration in restricted wavelength ratio conditions for a simplified vehicle shape, Numerical analyses were

also conducted for a simplified vehicle shape to validate the numerical solver, To simulate the vehicle’ s motions, multi—degrees

of freedom were calculated by a dynamic fluid—body interaction solver in STAR-CCM+, Comparison between numerical and

experimental results was carried out for a simplified vehicle shape. Numerical results are in good agreement with experimental

results, Second, numerical analyses were performed for a detailed vehicle shape considering seaway wavelength conditions, The

seakeeping performance for an amphibious vehicle was evaluated by comparing with the existing ship’ s seakeeping

performance standards,

Keywords : Seakeeping performance(Li&} A45), Amphibious vehicle(-EAS AR, Computational fluid dynamics(TIASA|SSH,

Model test(2& A|&)

1. M2

Z|2 0| XAEQ! =Y F=FAIELAE slaloM
% 7|5010] odolo 2 FHshke JFE FAsP| S5t 582
28 A=o| ot I 7SS flo Hxls HEe M4
g Moo 22 SMRINR|E 2351, A2 EX| 2
off st U2 AHol 22510 AFE FUHAF MES
HAAZICE FARSER o At=ol= Tl AtAte| Alst
S ¥ B2, 258 2= SHol Al AVt Ao,
Ol2{3t S8 Ha2 FAe| 2iMdlsaiol Heks n|& 4= 9l
Cl HEN X[EEel se= B Wao| 2% FX1| elf

BSHE HAs| Meprd {7t 7| 2ol TLixtel M| e
Aol LiEH dsoll et 242 Mlalsh sizlojok sEr|gt

[N
FZIHA THLAIe| Mt STHE A2Tt Al g0 e ds
(e

=Mof| Chet A= tiX =2 37HE MEo Chal = =(QUCE
g Ms AlEnt ttsiMe T2 M fElah =240l &
==

= b 20| 2XIRE 2301 thst Ago| o|F0x
2} Martin et al. (2008)-2 DTMB 5512 SAle| £4 DEAES
ol M5lER ¥ E252 25 SE HLKKHResponse Amplitude
Operator, RAO)E TE3INCM, AZ Zujol| tifsl E=alM &
Mg $HFIACE Stern et al. (2014)= KVLCC2 L KCS Ealof|
Chsll 2RI S8 AHSTh MAof| 2k2sk= £/t Ma ZulE it
ilM Zofelel H|w FAZ FESICE Sanada et al. (2021)2

Received : 12 December 2023 | Revised : 2 February 2024 | Accepted : 9 February 2024

1 Corresponding author : Youngmin Heo, heoymi@add,re kr



54 D82 B8 4% T4 5 FEYSTTR U 85

(17)
N

T

KCS Mol chaf TRs| Hapoll e A3ISR, B2 2 27t

Choll F7bdet oM sAsIFon A Zufele| BluE

SiAlS SASICE olF =EE ZnE HIEeR 7|1E U ds
7|En v 0E Solf FRUSTURIL| U 452 Foisiict

= =22 Ch3} 2ol et 280iM= MEoiM 2oket
e ds 71ES Tulsld Selsiien SR A
B 7ttt e ds XEE MEsiqint L8 2t it ds
=2 &SI ZAl et 82 +S5Ict 3ToilMs = o
TolIM =8isE LiE AIE 3 CFD sli4] Htol| Chst LgS 55
SIZCE 4ZolME TS ZUE HIECR e 45 FIE &
AsICt sTolME = A7el ZE HEISIRIC

SIZCt 8k Kim et al. (2012)2 B7IMES siAlsP| s &
- S = — =
ZijdEiS ALgsio] AMIZOIA Sl T} ZA0Ae] HIix] 2. L& Ms 7[F MY 1fd
&2 EAfsto] ErElT} silMof| CHst 7= HAISH BE QUct =
Bl gkHo| A9 u|mA A4 80| X7 S0f ClBt 2HS 2.1 &g Ms 7|1E o & M-
E8M0R sliZde = = TRO0| U= BHH, Froude Z=0f| Tt
o] 2lof H|mAM oz 2sksl= 2R of it 2= 26t Table 1 Seakeeping performance criteria of various reference
2 EMsploll= H|wX SHHVE EXfjsks He=2 i ot . Criteria .
_ B _ . Reference Index Unit Location
ZREIS AL M2l 25 B7t L 0B Akl olsh W =2 level
Jeioll ChEt 22| Folzlol wat EHIA 0|2 7|8t el Pitch  |SSA (deg)] 3" -
tiolom CFDE #2si0f Mutel Lg A5 248 $33t o Rol__|SSA (deg)) 8 =
j _ o Vertical i
7t #2 ZIfskm Uch  Sadat-Hosseieni et al. (2013)2 acceleration| S (9) 0.4 Bridge
KVLCC2 Mut Aol CHslf MT S T 0450l wh2f 35t STANAG Propeller 1/4
CFD 841 ZT1= A8l 2439} H|T5IH 20 Oh et al, (2015)= 4154 emer‘;ence no./hr | 90% | Propeller
PH7ImjAH D} AFR OFD Z2249l STAR-COMHE 0|2310] %’83) — diameter
AFRAMAXS fEMe| Tl & FIIMEs Adsigin 1 2ot e | nouhr | 20% Keel
£ YA d|walCt S Seo and Park (2017)= 2 Motion Task
A CFD 814 7091 OpenFOAMS 83104 KCS Mgl o sickness | %, |20%, dnr| U0
= C = = incidence
o ABlSe U ZE2 25 MsT Bt MEe Ao el
HAE ZaE Al Zale} H|—y;+oq,;|,_ - Pitch  |SSA (deg)| 3° -
eatainiiain AEoTA Roll [SSA (deg)| 10° -
oH, g Ms 7|FE2 d|o] 28 SHOo|L S=2lef ok Vertical | @ 04 B
I} AL JISAHE 1Eslo] MESI) SHMEx=2|F(North acceleration 9 : 9
Atlantic Treaty Organization, NATO)OllA] M& 3 STANAGA154 Schaffer Lalterat', SSA (@) | 0.2 Bridge
(MAS, 2000)0ilA= BH&o| el 9l hao| sialof w2 List M et al, [Roeraion
o - ) L (1983) Propeller /h o4 Sonar
=) 7|Z|'_S§ X‘”A|3|>0:‘2EII* NORDFORSK (1987)0'”A-|: X—h):-!gl gél- emergence no./nr dome
Zol| w2t 2ed Viset gdel 25 JVIE MekIRch i .
of .PEF 2 s | g |_ dl _OPM l. Bales SI@mmmg no Jhr 20 Station 3
and Cieslowski (1981)2 500082 F&3k| st M5 7|=2 index ,

HA 22 48 OlEA BE ME Jfse| M| ZHolM Deck 1 1oy | 30 |Station©
‘ e : ) wetness (FP)
oK5iCt 0|2} FASHH Schaffer et al. (1983)= DDG51 += Center of

= C = - Pitch SSA (deg)| 4.8° .

goll 2TEE F2 425 05 2 MR, A, HEQl Al gravity

C B M= o =o M

7}'X|§ L}—I_O'i LHO oo c>7|' 7|_|'__E |A_1XC>OFM[:|' RO” SSA (deg) 127" Center Of
2 oI T0fA1= STANAGA154 S 7|Z Mulolld| MY 4= 2= , gravity

g M5 71ES Tefslol $RUSTAUAGN H8 Jpss g Republic | “UNO% | SSA (g) | 0.3 | Bridge

N5 7|52 MESID shA Zlele| B|IE S SEURE of Korea = oral

_ - o _ _ _ Navy . SSA (9) 0.24 Bridge

fo| gt M2 Bolsict SEUBTZRIC| Et M5 B2 (o004) |2cceleration

Slsl A4 THEIEH ZPIOIM THEEIE AR sinlol oal S Slamming 0.15% of
I _ e _ B} . no./hr 20 LBP abaft

23 AT} CFD siAe $HsIgt SYst Z2ol TS index cp

AlE ZAnjele| H|WE S3f| CFD MRl FaMe lEsie A Deck h 20 F'P

sliof TiRle| A2 Tafslol FZIRE AW EAloll ChEH et Ms wetness | " '

8 CeixMatsl=2 T A 617 M5 202411 42



Table 2 Seakeeping performance criteria for an amphibious

vehicle
Index Unit Criteria level | Location
Pitch SSA (deg) 4.8° Center of
gravity
Vertlca! SSA (g) 04 Sternmost
acceleration seat
Intake no./hr 24 Intake
emergence
Motion Sickness| o Sternmost
Incidence (MSI) %.hr 20%, 2hr seat

SEABIIAC| e M5 BIIZ 9l BN 28 AL 2}
£ bigfoz Sl ALBET s 7IES Helsiict selst
Lige 2aiE= Fatsiof Table 10 LIERIZICE AZ0lM Ci2
STANAGA1542| A< sliat ARH J[F0| &O[sHR|2h IR}
28 250l Bxx|z0| 7|5 U BAS 95+ TR F| M5 7|

JhsntH|N SARBHS 2 M2 Transit and Patrol, TAP

) &5
o| Ligt 7|Z=S LIERHIIC STANAGAT540IA LigH Ms J|=
o2 HA|SH= MSI= Ohanlon and McCauley (1974)2] ¢37%0|

M Holz|Rion] 20| M Fols 230] Cist 2] 71&E
o 2A17F St =Z=(QIS mie| Ho| LM SES oo|sict MS|
HA "Rb= 23501 AM[S] LIERHRICE Schaffer et al. (1983)0f|
M LR M K] F2 AR F ol ¥ MF(transit and
combat) A7 +=HASTZRIC| 28 &1t FABE [0 s
|=S LIERRACE =3 chsiel= sl

3 2y & U5 7 |ES TEASTU RAR =X
ol S| ol 7ol siEehs 7|1ES LIEIICE e 85

|
X 2ol Cst Zok= ReITIFIZE(Single Significant Amplitude,

SSA) ¢S MM S SH AHER HAHo| ME=e| 242 Al

= AF0IME PERUSTUAIR| 2P S4ut - A&l =4
oM "7t 7kt =g =elsidvlol EERE 7IF0lAM H el
SI%en, Table 22t 20| LE Ms X|EE M5k 7|&ES 4F
SIACE THUSTLUAL] HH & I&| # of2t A LA Al
U E slolske A 52 125l0] Le ds XIEE MEsI]Ict
Il 249 Z2 ITTC 1978 AHEZ0||A sliAkaER0] 30f S
She upehnt mofut x7oM et M5 HIIE AsINic
THAUSTUAC| ot SMof| 125l V|E Z2EY & H
TS 7ot & HIER Fosien it oM &
HIEE ALBIICE SRV ESE 2 MSI E& fIRle TRV STt
71 2 Zol2l Hmetels 23 2 V|Eo 2 MESIRICH
2.2 Tz AMER MY U LS M5 RIE T5 I

2 HolMe g s 71Fez MAs X =& oo of

sleiel-HyE 2517

B A EAIS AUHBIC) BIN & obTol ALSEt Tfg ABE

HO=Z [TTC 1978 AHEHZ &Es|¥eH HA 25 3 3

230l thet AHEHS ofzf A (1)2 (2)ofl LIERHRACE

=7

S (w)=-—Fexp * (1)
- B
A ol

S ()= Qexp( ) 2

wg

07|M, we Tt FO0lH, S, (w,), S (w)e 242t T} o4
x| AHERD} 1} ZAF ABEZH(Wave slope spectrum)S 2/0|
sich (Loyld, 1989). A1 ()=} (0l A =173H,/ T7,
B=691/T/oln{, 7,2 me| Wa F7|E 2olict

silA 2 MY 2ot £EE ZS2 ¥ FATVESE AAL o]
E1E Zz2lofl H&HFourier transform)2 &-25}01 mEH| Hsiof|
2 RAOE &St £&E RAO HIO[E{e =RFmso]| w2

t
o} ABEZ 91 o} A} ABERIS E5f 2
L o

L
5
1}

[m
I

I
+ |
)
ul
BioA
_|

w, = w” Ucos 3
g

Sp (w,) =5, (w.) < | RAO, (w,)|? @

Sp (0,) =8, (w,)x |w? x RAO, (w,)|* (5)

m, = / wl Sp(w, )dw (6)
0

Cy3= 2.0 \/mo (7)
o7|M, m,, = nxt ZHUEO|H, (, ;= FRITUZE g5 20|
2Tt FolciUTIZ2 SE FCigel &%l 1/3 £ES 2olEich

TEA E Yt e 2 fIAloAMe] e RAOSE &dff =&
= 0R} ZHES ALeH = 4 (8), 4 (9), & (10)2 20| 7=
& SHES At 25 SH FVIE WIS =& Pk

£ ALkt (Lloyd, 1989).

JSNAK, Vol. 61, No. 2, April 2024

79



P;=exp(— ) 8)
my
3600Pi7Ltake
intake ? (9)
P
T,=2r \/ — (10)
my

l\/ISIi 2124

HT
O
_F
E
H1 n2
a
o
0=
2
HI
rulm
E:
HII
HU
A
m
il
9
o)

MSI(% )= 100 X {O.5+erf(logw(é¢)} (11)
erf(z)= \/127 /Oxexp (— %Q)dz (12)
p=—0.819+2.32(log,w, )’ (13)
54 = 0.798\//(;OOSRv(we)dw (14)

0{7|M, erf e AR error function)2 2lolsicl

3. 54 B8 AIY 2 S 34

3.1 thet i d & 2 M

2 ool Ehe BAL 2 AN BALF ERO| skl ois
Ligt A AlE 2 siAS Sasiict Tk Bl oisl Lha
AlE 2 A 2IsIRT A Bkl Cfsh LfEt shAl2 A
Sck U S5 AR o siol ST Bl 2 A Bug

O
M

(a) Simplified vehicle shape

(b) Detailed vehicle shape

Fig. 1 Geometries of amphibious vehicle for seakeeping
test and analysis

Table 3 Principal particulars of the amphibious vehicle

Designed Set Set
Unit | (simplified | (Simplified | (Detailed
shape) shape) shape)
Vehicle Length| m 0.7
Breath m 0.295
Draft m 0.132
Mass kg 20.25
X m 0.249 0.250
Center
of mass Y m 0 0
z m 0.0458 0.0443
. K - 0.116 0.112 0.116
R;ydr:tisosf ky | - | 0186 | 0190 | 0.297
K. - 0.199 0.201 0.304
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Table 4 Regular wave conditions for simplified vehicle shape

Wave period | Wave length| Wave height Wave
(s) ratio (m) steepness
0.519 0.6 0.127
0.635 0.9 0.085
0.733 1.2 0.064
0.82 1.5 0.051
0.898 1.8 0.042
0.97 2.1 0.036
1.037 2.4 0.032
1.1 2.7 0.017 0.028
1.16 3.0 0.025
1.216 3.3 0.023
1.270 3.6 0.021
1.322 3.9 0.020
1.372 4.2 0.018
1.42 4.5 0.017
1.467 4.8 0.016
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Table 5 Boundary conditions of seakeeping performance

analysis
Patch name Boundary condition
n Velocity Dirichlet
Pressure Neumman
Velocity Dirichlet
Bottom
Pressure Neumman
Velocity Dirichlet
Symmetry
Pressure Neumman
Velocit Dirichlet
Side Y
Pressure Neumman
Velocity Dirichlet
Top
Pressure Neumman
Velocity Neumman
Out —
Pressure Dirichlet

Table 6 Seakeeping performance analysis conditions for
simplified vehicle shape

o st ] ] e | Mo
0.733 1.2 0.064
0.898 1.8 0.042
1.037 2.4 0.017 0.032
1.16 3.0 0.025
1.467 4.8 0.016
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Table 7 Comparison between theoretical and numerical
results for regular wave elevation

Wavelgngth Locaiton Theoretical | Numerical |Difference
ratio results (m) | reults (m) (%)
{2 Crest 0.0085 0.008531 0.4

Trough | —0.0085 |-0.008531 0.4
54 Crest 0.0085 0.008521 0.2
Trough | —0.0085 |-0.008521 0.2
48 Crest 0.0085 0.008531 0.4
Trough | —0.0085 |-0.008531 0.4

Table 8 Comparison between theoretical and numerical
results for encounter frequency of regular wave

Wavelength Theoretical Numerical Difference
ratio results (rad/s) | reults (rad/s) (%)
1.2 15.762 15.763 0.003
2.4 9.654 9.651 0.03
4.8 6.082 6.078 0.07
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Fig. 7 Results of heave, pitch and vertical acceleration in
various wave conditions
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Table 10 Seakeeping performance analysis condition for
detailed vehicle shape

Wave Period | Wavelength | Wave Height Wave
(s) Ratio (m) Steepness
0.733 1.2 0.064
1.160 3 0.025
1.467 4.8 0.016
1.694 6.4 0.012
1.917 8.2 0.017 0.009
2117 10 0.008
2.469 13.6 0.006
2.777 17.2 0.004
3.053 20.8 0.004
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Fig. 9 Results of heave, pitch and displacement RAO in
various wave conditions
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Table 11 Seakeeping performance for an amphibious vehicle

Index Unit Criteria Results | Location
level

Pitch SSA (deg)| 4.8 | 3. |conerof
gravity

Vertlca! SSA (g) 04 0.09 Sternmost
acceleration seat
Intake no./hr 24 0 Intake

emergence

Motion sickness % 20% 6.1% [Sternmost

incidence (MSI) ? ? (Max) seat
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