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Sea Wave Modeling Analysis and Simulation for Shipboard Landing
of Tilt Rotor Unmanned Aerial Vehicle
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Future Aircraft Systems Division, Korea Aerospace Research Institute

ABSTRACT

The mission of UAV has been expanded from a land to an ocean based on an
enhancement of its technologies. Korea Aerospace Research Institute (KARI) also tries to
expand the mission of tilt rotor UAV to an ocean, in which the shipboard landing of UAV
is required. However the environment of an oceanic operation is severer than that of land
due to salty, fogy, and windy condition. The landing point for automatic landing is not
fixed due to movement of shipboard in roll, pitch, and heave. It makes the oceanic
operation and landing of UAV difficult. In order to conduct an oceanic operation of tilt
rotor UAYV, this paper presents that the sea wave modeling according to the sea state is
conducted and the shipboard landing of tilt rotor UAV under the sea wave is tested and
evaluated through the flight simulator for UAV.

o5d R V& WAL B9 Fage) e FoplA olgHn AUtk FHIF
$EATAKAR)IAE S48 +40| 25712 Qe QEE 772 ol s &8
g 5 JEs JFdY e aestn vk YERH vl EHAY AL EL
ANAE Bl HFo] BRSAT g Agel ws) G2, A%, W5 NIIFS B
o] WTh EE A4TE 9 Av £FoE A A5Ae £5o] WS, A5
HAFE @A BED oHY FUY] FHIHFL ste] ¥ wRoIME sao] npE
Au 25 wYY B3, FU7) ABACHE S AP AHE AN Yok

Key Words : Unmanned Aerial Vehicle(¥-<1371), Shipboard Landing(3/d2%), Sea
Wave(3}11), Sea State(3l]’3/3Hl), Flight Simulator(¥] 3} A] & o] E)

o

. M B A= o FAolA Y FEoE F

1 gtk AelE V%9 wHn gy o5

27 Alada 8 7igo] wASUA . ole oA FEFHE &= 3o AT

ANFF7] dFe FH AAFF7] +8F97tA AeE J4HI vk TZ AR 19431 54 7]
+ Received: March 25, 2014 Accepted: August 19, 2014 http:/ /journal ksas.or.kr/

* Corresponding author, E-mail : csyoo@kari.re kr pISSN 1225-1348 / eISSN 2287-6871



732 A= - - A A 2 T B RS

Fo] AZLT] XRAE TEF ZAFA7IEA HelFs F7Y FolHFS AT AT
YYFH Fdees AxE A=SIZEA 4 ULBY DGPs A4, &&7] g4 AMd+, =
olFF ¥V FAFHE FAAAAM &I FAHAFS AT AsA] A ool A
gk
3]

(o

=
£ e Aty =holdnk dAdlA FEE  Hm UcHe|2[13]. FI17 FFelFES 9
S8 AsiAE SARG 4wk, gEsk A2RD Ao W Bk Al 712 v
e olgel o@ A5F 2%, FEel AP F ABelA B Mt £F RS Frhak
e Rao] meElojol B, tAF 8L 9 T B =RAAE HEREH FAre gl
3 e8AAt e7HEn. WA 248 FF2d F ATE A4 e me sust ol
A BAY fEol wE JEE HeAsARE gE du $5L 247 mdYsu, dERY F
ol&go] ololAE §AFol Ma) gl NE A <1v)e] WY NPLFRAR} AFAHOH, A
G B0 AR £Fo] e olFAHge AF  BuolH FABALA, AYBA, MFL A2d
sjof Bk B AF Folm FBUIE wAH 02 o]Foly Ty AFolEHE 53 Fol
of 3t WeA AWnZ o]F mEselel Itk AHS meAFI 2HE Ay ok
w3k el A olas BAT 2ol IR
FHe At T2E A6 @ TR Y= | Met S5 el
w#Holof ot FFFo] 1PV S
TIARFE A2, & FAEEE 2w Aol ol L oo
of g H5AA= QA gsolor gy w7 T ES
3 SgolN 54 olRFae A saesnE  HEZE RV FoHE5e 7AY) A
e 54 R2oAe AWERs Ae 5 gl AT WA A mdygo] 27 Fig 1%
ol HAMPelt ARMPYA &Y awsh o Lol AUEL FFUIh FIAA AF, #49,
ac =3 dutz deFEAA Yo wrlsk s AAolER 2, 94, 2 B AHol5 6
22 Qate] WelFE Y &9 o4 AFL W AfE £FOZ ool F, 7, o] ¢
& & At o2 Aste] e} £l da A Fe F=z vhue] s|dste AF, #F, & £F
23] ged & e V15450l Boldnh M ez, Fd, ug, =R 2L Y
A der Fue ohpel 9 &8 A TFel os) wAET EF Autese Jddd, 59
U dRol 93 B9 A4S mejste] dWrAS ga 2"y 4% A o3 9%, 9, E=irol
= AFH HP2FAEE2 10% ZFAFE 2% o] F 4ol EAAth e =W )
zZre s AAEGI]2][B8]. FHNEF FAFT7] 5} 2do] A= molol E4- WElA] Ak
ZhEH Bl FFA e ARl VIS REF o) gosta 2=y ZAlo] o]E3A Ho] miko]
—HbAbe] Fire Scout RQSB [4], L2EET  ome mx 27 £3g wAAAL w3 Wt
e S ok jﬁ*}g B ag wgon Mgl Aress & 5
| CL527, gesrd ULB (Unmamned o gosty 4o @ d4e dosln 4%
Litle Bird) [6F Do HFHEASMEZE ) og g9 g50l g 8 £5e 94 7]
Agel eleltl $A8Hsk DGPS7E ALEHT A o c o ey
o AFFTFATdME gERYH FFr] T -

o
iy
)
o
Re)
Og‘;,"
>
o
filo
oX
o}
)
=

0,
o
i)
)
rl

8oz NEEo HYAHS T3 Aol

5 Aol AFHAT. ol T &&= I

st ™ HjY o]Fel wWE AFEAEF AHY X

TES AAIe R ABAlE|Folor Ftar FAHEE

T dur FxREe g ok F/9] o

Gx AFA mYLs olokatiI0]. webd A
FHHO &S HsliA g3 719k dupte] & oA

5, 0 9 557 7R uE aE e 8 Fig. 1. Notation and sign convention of
A e ATSo| o]Fold LTH10][11]. & ship motion (SNAME, 1950)



3 st A 2 AEolA 733

(M+ 4, )z"h+ B}LT:/LJF Cyz, =F @

F=F+F,+F +F,

Aq7)M, M dute] BA|, Ax FAZEo=R
Autol] F7tE A, B WIAL, G 294
&, F= 9go|th. 98 = aAZeY FoF F
e Fel el Feob ghdst oy Aol o3t
3 FE o]FoXYg. B =FMe F 7
taro] ofgt 3lo] e =Tt

sael og AveEe BASE WHe 5
X

2 olgsht el ATk AgelAe BA 37
g olgste wpHe ABdold 7 TEA
Aol Hom, AA BAL N F BAY
F 9ol #9071 FHIHEL BAG 1 AHeH
A9 gou, B A, 89 S=
SIS

Table 1. Sea state code (WMO)

of =X (ol _

=2 T | b | e | e
0 0 ~1.0 - No swell
1 0~0.1 1~6 - Very low
2 | 0.1~05 | 7~10 | 3.3~12.8 Low
3 |05~125|11~16| 5.0~14.8 Light
4 |1.25~25|17~21|6.1~152 Moderate
5 | 25~4.0 |22~27 | 8.3~15.5 | Moderate rough
6 | 40~6.0 |28~47|9.8~16.2 Rough
7 | 6.0~9.0 |48~55|11.8~185 High
8 19.0~14.0 |56~63|14.2~18.6 Very high
9 | 14.0~ 64~ |15.7~23.7| Very high

Table 2. Shp dynamic characteristics (SS=5)

Metgs Il x| =
Zo| |Hf =2k |z R=Z| FI| | ZHAZ | F7|
(m) | (ton) (deg) | (sec) | (deg) (sec)
135 | 4100 24 5 17.6 13
172 9466 1.9 7 19.1 17
332 | 91487 0.8 10 5.0 21
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