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The Safe Operating Envelope (SOE) combined with Short—Take—Off and Vertical Landing (STOVL) performance is an essential

consideration of a light aircraft carrier for design of hull shape with excellent seakeeping performance in terms of naval air

operations as well as traditional naval ship missions such as Transit and Patrol (TAP), and Replenishment at Sea (RAS) and

so on, A variety of procedures are systematically combined to determine SOE considering rather complicated missions

associated with operation of aircraft onboard, The evaluation of take—off and landing safety missions onboard should consider

wind effect on deck and severer seakeeping indices and standards compared with conventional naval ships, In order to

support take—off and landing missions, various support activities of the crews are required, So, additional evaluation is
needed for indicators such as MSI(Motion sickness Index) and Mil(Motion Induced Interruptions), which are quantitative

indicators of work ability that appear as a result of motion response, In this study, a standard procedure is developed

including the seaworthiness performance indicators, standards, and evaluation procedures that should be considered during

design of STOVL aircraft carrier, Analysis results are discussed in terns of air—wake on deck as well as seakeeping indices

associated with design parameter changes in view of conceptual design of a light aircraft carrier,

Keywords : Light aircraft carrier(@d&&228!), Safe operating envelop(QHHUR 4=3HHZ) - Short—take—off and vertical landing
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Fig. 2 Effects of roll damping devices from AdFLOW-Navy

Siol =28 S0l RS0z PAjIEE SAS &5

|8 ASR| T2 IR0IA XSk HRSAO 12 S 2

I

ol

>

A e Z
2AFET}, UXY, oFE So| FUlE 2E HAMCE X
& = QM SIGCt (Park and Hong, 2022). Fig. 1€ =271
Y TETE LIEHHARH, Fig. 20l= EEL B 515 Lt
ERIRICE 0|8 Sdll 852 7iMS 2I6h Clafst MAlde| &
s Eolst o= ik
2.2 BH Al LiZHISHHA

2 AFoMeE ZH Al Mt Hao| HIMEAM S AR JlefE
= U= weakly—nonlinear 7S TS = U= AlZFIA SiA
2 ol22| MEsct ez M Zaloj2 olsl &0l w2
MM #st 310 gD 22 AHE slla Aol T 7|SE sllof
57| mh2ol| weakly-nonlinear 7|82 HMgo| st =4t
MAle ci2nt Zo| Cummins (1962) REZ LIE[H £~ Qlond,
Muto| M| lHMS 12t HIMY =241} Froude—Krylov
&g Mgsiict

KIMAPS-Navy

‘ AdFLOW-Navy l

Additional force
(Fin, bilge keel ¢tc.)

| Motion RAO
| Linear & Nontinesr ship motion | SV P WO
(Time demain)

t | .| Motion RMS
comparisen
i Wave ebevation
Spectrum model Hs-Tp (time demain)

Nonlinear panel ‘

Hydro. Coeff. & |-

Force RAO DB

R RPN HUEHERRR
v Ty L R L
Time [sex] e |

HPURTTRTEREER TR RTR

L E R R

.I-I'i;JI.II-u.I-u-.lI]I-l' LI

O E L Lk RE

T 00 T T e T W

Fig. 4 Effects of active fin on roll motion from KIMAPS-
Navy(Heading = 120 deg., ML = 2.0)

(g +a,,(00) (1) + /0 R (t—DE(Ddr e () ()

+C?;d§j(t) = {FDiff}i + {‘Fert}, + {FNRQSA}PF{FNRK}i
(i=1,2,...,6)

rad =
ij Cij » Fl%ff,’ Fextﬁ EVRes.j =

 H22lED i, SUE, MAS| o 5

—

TiEle, $712 ol BNy SeE o By

o 1= o

LIERHCE Fig. 3ol 7HEE KIMAPS—Navy
|

F

m--+al-,.,Ri]-(t—T)7C NFK,
bi

o ¥

]
o
2
>~
i
4>
30
>N

olEa AGHH{= oln} §
3. CFMQIS =BliEH3E ola} 5| A
3.1 OFMQIS RlitHE SN

HHAS SR AT S s AP 2R WIRE
AT S K Sist AZEel LAY Faio| Tesich
OIE SsAts LHEHAS DTAIE HoI2} 0 QTS BISA
Jle Bl S2ig Wlshe NEMYS I3 BRIkl MAp)
Mal=|ofof SiCl 0|2 HIEICZ CFSo| Alslol| TSt {7}t M
|0fo} BHC} (STANAG 4154, NATO, 2000).

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

127



o
ook
O
HI
icl
i<
1z
oot
0x
olr
0!
AN
a
0
10
4o
)
ol
T
¥
o
H
:oé
i
|'O

AdFLOW-SOE
AdFLOW-Navy \
- SOE
i Mission Determination of Single mission
Ve, p 5 1p identification Safe Operating
N

Envelope
Ship motion Imegular i (Hs,Tp, Vs) SOE
(Frequency P Tepme L g [ -+ Combined
donsain (Lung & Short rested) Tndces nission
~6-dof motion
~local motions

Seakeeping

B3 ~Relative wind
Motin RAO \ i j

'I

Fig. 5 Program structure of AdFLOW-SOE

- aolm Ko|
HoOoT o

- ANEET} YRe| 7|55 Hizst

2245 oSolls LT ! ofakerd Holof ohg 2REnt
TR S SA, BAIAE 457|F 9 Mele] ZRISE X5t
7|E HME 52 ol oAREnrY & siMErt &30| EECE

2ol Ax & 220N FPUHSZ BIF=0{of 5= ol
Al Hol| x|Ake| QIARSER ofjAb S ol Sixolo=

S oo D_?_(MSSion), I:IC)Io:!_r_
(activities), MIOHEl & o™, 28 A, MAl 7E5=1,
o

1

=

o
ok
i

po ofn

>
[> o
oo
Jn
~ o
oo
02 U

ok

b

T 1o
N E

=~
=
E,
an 4o
N
&
°o x
AL m
2
0
p
b
0
€
=t

=
I
rl-_i.i'_
mjo
k=l
o
ol
2
re
r_l_
1 00
40 ¢
—€>
o
i
K
ne
=
:lol__l
_|.A.
mjo

wx o
u

[T 2
>
|E
n@‘:

o lon

ul ol
R
inl
Q
o
rir
=
[l
ot
|
0
5
@)
rm

1o
ot
A
Il
A
il
i
0= |
== v
1] 1—1
o
e
5
I on
2
o orlo
ol
il
o
3
=
Q
<
N
i)
Hu

B
i

o

-0

rE g
:O:L

0>

T

o
I

EEU_I
rir
_‘\_II_DEJ:-|ED
oo
+ o=
\—_|_
0% e G
2 K =
TRE=2
oy st
20
5 5 0
o il
ng
ok
i
Mg
ro
[l
juked

o
jir)
m
f
il
4o o
1o
ini
(T
2
k=] U
o2 I 4
oo
-|‘D
mjn
0
i
2

[
=2
hu}
:Oé
x
H1
ro
£

o
{0
5

Soff o =
APHM, FOIZl ekdzZol Mo okt AR 2872 =0 7t

Saict

[==]
b globz SEMHESHT(generic relative wind
envelope)S 112{5109 o|-&et A58 FYSICH ZHe| uix|A

STOL (Short-Take-Off-Landing) &l50f| C
&2 LIERD Fig. 70ll= STOL S5 AlA| s Al 5z=740]|
HE3s Aol it oAlE LIERACE

HHEE(1R) 1 S EHG) 2 ofiet 2ol HelEh

Fig. 6 Generic STOL relative wind envelope

Sca state 5

" g (e " Mo 8

Fig. 7 STOL operable envelope determined by relative wind
envelope under sea state 5

V= V2 Va+2VVcosB ©)

where,
V, =Rative wind speed (knots)

Vy=Ship speed (knots)
V= Ambient wind speed (knots)
B=Windheading (degrees)

8 _, VycosB+ Vg
=cos ————
R VR

Fig. 70ilAl & == 10| silebelel 57} =3 Liekdsat Sz
ICHE%s 710] ofsl OFAtet 297} MAAlle| SHEKsoR 2

t=le Ae & 5 Ak

o 0>

r

Bl oiiele x| EE JlEMoR BHel eSS bl
o MMEICt K HEXS UBMSKIES HE00 352
olol, MESQE S AEE ofIXEt PATIEE, SRSE,

MI, MSI & ZHtEs, SeifY Sofl BIGEch Zeize| Z<o
S, IS, didEs 5 e
ot 7|F0| 27=0, of2{et MSX|HE 7

= 350l £8 2 SLIIEET % obfz} S M

ok
5
s T
o N

4154 (NATO, 2000) & 2
H JSAE A 2P 71ES Table 101 HERKHRACE

128



Table 1 A set of missions and criteria of light aircraft carrier

Analysis conditions

Limiting criteria

Application Sea state | Speed (knots) Motion \ Limit Location
Missions/Activities and criteria
Roll 4.0° Global
Pitch 1.5° Clobal
Wetness 30/hr. Bow (worst location)
3456 Slamming 20/hr. Keel (worst location)
Transit and patrol o Propeller emergence 90/hr. 1/4 Propeller diameter
(7. 8 MS| 20% of crew @ 4 hrs Bridge
Ml 1/min Bridge
Vertical acceleration 0.2g9 Bridge
Lateral acceleration 0.1g Bridge
Roll 15.0° Clobal
Pitch 4.0° Global
Wetness 50/hr. Bow (worst location)
Slamming 50/hr. Keel (worst location)
Survival condition 9 Propeller emergence 90/hr. 1/4 Propeller diameter
MSI 20% of crew @ 4 hrs Bridge
Ml 1/min Bridge
Vertical acceleration 0.4g Bridge
Lateral acceleration 0.29 Bridge
Roll 1.5° Global
) ) Pitch 1.0° Global
pircraft handling Wetness 5/hr. Bottom inner leading elevator edge
Ml 1.0/min Task location
Roll 2.5° Global
Generic helicopter Pitch 1.5° Global
launch/recovery Relative wind angle +50° Flight deck
Relative wind speed 40 knots Flight deck
Roll 2.5° Global
Generic short takeoff | 3, 4, 5, 6 - Pitch - 15 G,bbal
) T Vertical velocity 1.0 m/sec Landing spot
and landing Relative wind angle £30° Flight deck
0, 5, 10, 15, 20, 25 Relative wind speed 40 knots Flight deck
Roll 4.0° Global
Pitch 1.5° Global
MSI 20% of crew @ 4 hrs Bridge
Crew performance Mil 1/min Bridge
Relative wind 35 knots [Task Location if on Weather Deck
Vertical acceleration 0.2g9 Bridge
Lateral acceleration 0.1g Bridge
Roll 2.2° Clobal
Pitch 2.2° Clobal
CONREP & FAS MSI 20% of crew @ 4 hrs At station
Ml 0.5/min At station
Wetness 0.5/hr At station
Roll 2.2° Clobal
Pitch 2.2° Global
34 MS| 20% of cre/w @ 4 hrs At station
' Ml 0.5/min At station
VERTREP (®) Relative wind +30° off head seas, 15-30 knotg Flight deck
Vertical displacement 0.7m VERTREP station
Vertical velocity 1.05 m/sec VERTREP station
Wetness 0.5/hr At station
Roll 2.2° Clobal
Watercraft launch Pitch 2.2° Global
and recovery Lateral acceleration 0.1g Boat location
Vertical acceleration 0.29 Boat location
Roll 3.8° Clobal
Gun operation 3,4,5 6 Pitch 3.8° Global
Vertical velocity 0.5 m/sec Gun barrel tip
Roll 1.8° Clobal
Support equipment 3,4,5 6 Pitch 1.8° Global
Mil 1.0/min Task location
JSNAK, Vol, 61, No. 2, April 2024 129
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Table 2 Analysis condition for SOE

ltem Conditions
Aoplication Missions: TAP, AAW
PP Support activities: NAO, VERTREP
Sea state 3, 4,5,6, (7, 8, 9)

Ship seed (knots) | 0.0, 5.0, 10.0, 15.0, 20.0, 25.0

Wave heading

0~360, 15 degree interval
(deg) 9

LPP=250m, BWL=32m, Draft=9.5m

KRISO CVX 1 Displacement=42,600m®

TAP: Transit And Patrol

AAW: Anti—Air Warfare

NAO: Naval Air Operation
VERTREP: VERTical REPlenishment
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