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Study on the Disturbance Applied to Launcher Hatch by Ship Motions
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(Young-Chul Byun' and E-Sok Kang>")

' Agency for Defense Development

“Department of Mechanical Design Engineering, Chungnam National University

Abstract: In this paper, the disturbance applied to launcher hatch by ship motions is introduced to identify the vertical ship motion
disturbance. Basically, ship motions are comprised of 6 degrees of freedom: roll, pitch, yaw, heave, surge and sway. In the case of the
shipboard launcher hatch the coupled pitch, heave and roll are significant motions to be transformed to a vertical direction motion.
The maximum acceleration values are obtained from the vertical motion model and the ship motion data in accordance with ship type
and hatch location on the ship. We verify that the maximum pitch motion mainly influences the launcher hatch and also present the
quantity of the maximum load disturbance by the ship’s motion acceleration.
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Fig. 1. Coordinate systems of the COF/COG of the ship and the

launcher hatch.
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Fig. 2. The translational and rotational 6-DOF ship motion at the
COF/COG reference axis.
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Table 1. Sea state number according to the wave height and the wind

speed.
Sea state Wave height(m) Wind speed(knots)
number Range Mean Range Mean
0-1 0-0.1 0.05 0-6 3.0
2 0.1-0.5 0.30 7-10 85
3 0.5-1.25 0.88 11-16 13.5
4 1.25-2.5 1.88 17-21 19.0
5 2.5-4 325 2227 24.5
6 4-6 5.00 2847 37.5
7 69 7.50 48-55 51.5
8 9-14 115 56-63 59.5
9 >14 >14 >63 >63
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Fig. 3. The heading angle {3 of the ship on the OXY plane.
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Fig. 4. The amplitude of the roll motion with ship speed and heading

angle variation.
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Fig. 5. The amplitude of the pitch motion with ship speed and
heading angle variation.
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Fig. 6. The amplitude of the yaw motion with ship speed and

heading angle variation.
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Fig. 7. The amplitude of the heave motion with ship speed and
heading angle variation.
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Fig. 8. The amplitude of the surge motion with ship speed and
heading angle variation.
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Fig. 9. The amplitude of the sway motion with ship speed and
heading angle variation.
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Table 2. The heading angle at maximum amplitude of the ship motion. Table 3. The ship operational condition and ship displacement.
6-DOF | Max. | Max. | Max. | Max. | Max. | Max. Ship conditions Cl C2 C3 Cc4
Motion | Roll | Pitch | Yaw | Heave | Surge | Sway Sea state 5 6 6 6
A;gle 60 115§O~ 6o | 9% 0 30 Speed(knots) 18 15 25 25

(deg) Displacement(ton) | 5,000 | 3,000 | 4000 | 7,000
90°
[ roll
20 pitch 20
max. heave max. heave B heave

max. roll

mean
max. pitch floating

1% 10 H) S8 Ed FHof vA)/E 5] 1Ak

Fig. 10. Phase difference between maximum heave and maximum

pitch/ roll motion.
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Fig. 12. The comparison of the maximum roll, pitch and heave
motion for ship conditions respectively.

9 12 3F 390 YERA o] Aok A
T 8 Zdo) wet #Asle] F A H sH $%°ﬂ
ﬂ%fﬂ FHujghs HojEh 1 19 e 59 6, Hul 3R

5= 25 knots, 42] vl 7,00085 420 c4 240
*1 JMH E, 94 9 38 5o] HATHS HojFEr) o
A A s AdelA & A 2 slE g5l g
Ho 52 I Lol ot JFuct 3 3 =712
widElel o] Aol ¢S HeS & F 3

>1'E

i

N
r_{

4. BEe| SNYs 25
Ak sfAjell Agshis A AT ARt

A= G LTS WAL FOR WIksolof Atk
el CoFellr sk E (g), A (), 2 (w) 3w
< WAL Falo] A 7P "olA e el &

&

£ P(x,,,2,) 4] 3

Fo] AWE gHe = 9|, Qo tigk 2 de(euler) 27
Ag ARgSE] A @)9F o] vER & glem, & 9%, &
o] 3]H7zto] 22 ElT|QKradian) w2 ZH=thA A (6) &
o] M&3zle 2oz yehd = THs).

~

X cpcl —sych+cysOsg  sysg+cyegsd \ [ x,
y|=|swchd cych+spsOsy  —cysd+sOsycd |-| v, | (4)
z —s60 cOs¢ cOcg z,

o}7]A, cok = 744

sing ~ ¢,
cosgp~1, cosd~1, cosy=l ®)
p-0=0-y=y-¢~0

T cosine™} sine S LERITE

sind =6, siny =y

X 1 -y 6)(x,
yislv b n ©)
z -0 ¢ 1 z,



250l 2o LA oiXI0N Z=2ck= 2ol

wepd olele] A pellAle] x, v, z Wakel] Tl 3 B
27k 2 (1), A ®) A O 2ol vekd £ 9
X, =x=yw+z,0 )
Y, =y+xy -z, ®
z,=z-x,0+ ©)]

AW 505 66y = R COPANS, e &
AR EE

z, =z, cos(ot + @) — x,0, cos(wt + a)
+ 3,8, cos(ot + @) (10)
=[z,cosa]-cos(at) —[z,sina] - sin(wr)
1714
z,co8a =z, cosa —x,0,cosa+ y, 4, cosa (11)

z,sina =z, sina - x,0,sina + y,¢,sina (12)

o
o

sdele] SiAel HAlE LA SAel] 2ol AR
o] &, S gl 7]»#‘: 212 247 2 (13), 2] (14), 2]
(15)h o] vepd

o

z,= \/(z‘, cosa)’ +(z,sina)’ (13)
z, =0z, cos(ot+ta+m/2) (14)
£ =0 z,-cos(wt +a+7) (15)

1L 2AKH sixioll Zk83Hs ofEt

Aol s BAR siHlell Aok sl <
3 Slere SXol FAPFoR At ASEs HeE
o Sjsl A7h ot YR #1F i o1
AR Z28] A S 9% T E W
ATl ue} gA ﬂ7]% = Algglgow pug
ATt wheba] AR sfA]e Xé%% o]l thgk A
Ao 7k ke 2 25 sldel o ARl
B3jel 45 dZol sbssith 1Y 13 el 4
A neh gdom AR sl 9] COFek AL

(

¢

o

.

i}

oo >{1‘ Ho

ol l‘10 _{> ol

2
o

42 oo off et o

0

o]

Fo aix] o] A 7GR BAS 918t 9A s
o U 62719 Type 13 552719] Type 25 414
sioich FEFFE A A 91X o AR x,, yo =
3 4ol vERLom $E Type 200 dialiAl= AR 4]
of g f1Ae wE gx ot F F dFE ARls] flst
A2 YXZ LOCIF LOC2el thete] F 49} go] 2557
o Hux=E FASIITh B 5% I Type 13 Type 291 ik

e

(

o

fcl

H=12] cGHAIgke] 2 A x, vy BHE HolA AAHTh

]
ro
e
4
o

Launcher Tyh

XIJ hatch

T3 13, 94 COFE F-E]9] AL 3= 91|
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Table 4. The value of location x, and y, for the type of ship.

Type of ship Xp Yo
Type | 4835M 3.50M
Tvoed LOCI 40M 72M
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Table 5. The ship motion data for the maximum roll and pitch.

Heave | Roll Pitch
(m) | (deg) | (deg)

Type of ship | Ship motion data

Max Amp. 3.62 | 12.85 24
Type 1 Roll | Period(s) 14 11 10
(seastate 6) | Max Amp. 328 0 53
Pitch | Period(s) 8 0 7
Max Amp. 1 6.26 1.40
Type 2 Roll | Period(s) | 34.7 12,5 123
(seastate5) | Max Amp. 1.04 0.6 1.90
Pitch | Period(s) | 21.5 | 1238 | 557
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Fig. 14. The vertical ship motion disturbance in maximum roll

motion condition for type 1.
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Fig. 15. The vertical ship motion disturbance in maximum pitch
motion condition for type 1.
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Fig. 16. The vertical ship motion disturbance in maximum roll
motion condition for type 2, LOC1.
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Fig. 17. The vertical ship motion disturbance in maximum pitch

motion condition for type 2, LOC1.
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Table 6. The result of maximum acceleration of the launcher hatch for
the vertical ship motion disturbance.
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Table 7. The maximum load disturbance applied to the launcher hatch

by the vertical ship motion.
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