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Attitude Control of a Large Floating Structure by Pneumatic Actuator

by Tsugukiyo Hirayama, Member

1! report : Basic Examination by Simplified Numerical Simulation——

Ning Ma, Member

Yasuhiro Saito, Student Member

Summary

In order to meet with the requirement of the limitation of attitude fluctuation of semi submersible
type floating airport, enhancement of bending rigidity will be a practical answer. But as another way,

we studied on the possibility of attitude control by active control.

Here, we considered the

introduction of pneumatic actuator and carried out some numerical simulations for simplified elastic

model as the first report.
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Fig.1 Semi submersible type floating airport model
with pneumatic actuator

Table 1 Principal dimensions

1/256maodel Prototype
Length(L) 7.1m 1818m
Breadth(B) 1.7m 435m
Depth(D) 0.36m 92m
Draft(d) 0.115m 29m
Displacement 267.4kg 4.49 X 105ton
El 607.41kgfm?2 | 6.7X10Mkgfm?
Rigidity(E1/B) 357.3kgfm 1.5 X 1012kgfm
Naturai Period(sec)
heave 1.63 26.1
pitch 1.62 25.9
1st bending 1.14 . 18.2
2nd hending 0.57 9.1
3rd bending 0.31 A 496
z .
| :
- i
wave
Fig.2 Coordinate system
Enb, . .
pATEE s Bl G fata, 0+ £ EED)
=q(x, ) .o (D)

[p: HBIRSYLDEOER, A: KEHE, 7: #
ERERE, EI: BiTWIME, qlx, t): 450 J
IHEBEER 2(x, t) 2ERSERE LT

2(x, )=Z(x) - T(t)
AA=00HBEE#H -T2, (1)KL

ﬁ( 1 5"Z(1‘)> 1 > T(t)
Z(x) ox* {.T(t)—i—"l aT(t)} o2
@ ot

SEEERE 0 LB L,

azaTtgt)”‘” aTagt)+sz(t):0 (2)
8“82;:1‘2_K4Z(r):0 (3)
(=57 w

(3)AzWMmEBEORARMETHEL &, | ROBEHRS
Bucxt T e —F (123) OEEREE— NG,

Z{x)= af{cosK,-.r +coshK.ix

coshK:/—cosKil,
sinh K/ —sinK./

(sinK.x +smhK.r)}

(5)
£%0, adx=0DHMTL RS L5 a=1/2 L L7z,
3IRE— A2 EHES, 4 RH3E, 5K 4 EREE L o
Tw3, ZOL &fitEE—F (1K :heave, 2 X : pitch)
DE— FEIX

Zl(x)=1 )
O
b, COBEYIaL—YarTIESRDE—FET
EETLIEELT,
HNAMERT 5358, z(x, t)%lﬁlﬁé&ifﬂ‘: K Za(x) &
E—FEBET.() ZHVT

2(zx, t)=ﬂz=]lZn(.r) o Tu(t)
LT, EEEHE—FELT, ()R
P Ta(t)
pAZ| Z Tt |

1 3*Zu(x) 8Tu(t)
+ EIZ[G)” ox* ot ]

+EI B[ L2421, | =g(z, 1)
(3) ()RERALT
oA %] 2,y T L0 |

+70A Z! [wnZn(x) OTx(1) }

+pA'§l[wiZn(x) To()]=q(z, t)
O Za(x) 2T T, xIZDO2WT 05 [ £ TES

NI | -Electronic Library Service



The Society of Naval Architects of Japan

T5&, FEEBE-NOEXMZLIIRRDL S ok 2
(m#EZnicEEHZ ),

PT(1) 0 Ta(¢)

FIQ 3t +KnTn(t):Qn(l‘) (6)

M

+Cn

)= oz, )Zu(z)dx

Ma= oA l Zdz)dr  (T— FES)

Kn=wr"M, (&— FRElt)
Cn:UCUnMn (;E_ Fﬁﬁ)

BABERAOEIERZLGHIE E1HR) 351
Table 2 Feed back gains for control
ANTER
Al All CI crr FI FIT
PD Z | -0 -50 -50 -50 -50 -50
control | Z | 600 { -500 | -500 | -500 | -500 | -500
Optimal | 55 | -8659 | -680 | -155 | 04 52.6 | 555
control | 75 | .107.1 | -84.6 | -19.3 0.5 65.5 | 9.2
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Fig.3 Transfer functions of deflections in head seas
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Fig.4 Response by experiment data in regular waves
with and without control (wave period 10.0 sec)
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Fig.5 Response by numerical simulation in head regu-
lar waves with and without control (PD control,
wave period 10.0 sec)
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