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The Development of a Balancing Control System
for the Anti-Rolling Rail of a Delivery Ship

WA SR

J. H. Byun and D. J. Yeo

Key Words : Arc Shaped Rall(G4 #dlY), Screw Jack(Z3F &), Synclronous Eror(F7] 224, Balancing
Control( 5% 52 A o]}, Feedforward Controller(3 = EH = Ao{7]), Input Flter(d2 FE)

Abstract © A delivery ship is used to handle the cargo with the arane to/from the ships. The ship is inclined in
the direction of a cargo which i3 lhung on a crzme In this cage, a arc shaped rail should be in the equilibriim
state to get good anti rolling performance. In this study, a device and control algorithm are developed to take
accurate and quick equilibritm of the rail. The device s composed of a hinged immovable supbort and two
screw jacks. And the control algorithm demands two controllers. Ome controller is designed such that the
screw jack 1 and 2 follow the position reference signal generated by a tilt sensor. The other controller of
two degree of freedom 15 designed to remove the synchronous error occurred between jack 1 and Jack 2. The
gimilation results show that the desirable control performance is achieved
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for the anti-rolling rail
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Table 1 Specifications of apparatus
parts specification
ol rated lead [m/rev] 8.00x107
|
screw | rated load [ka) 5.09% 10"
jack T [Nfmfs] | 5.25x1072
ral mass(1/2) M [kg] | 4.08x107"
mass
moving mass A, [kgl 3.58%107"
X, [NrAl | 1.88x107"
K 9.62x10°
K, [Virad/s] [ 2.04x107
motor P
A, (2] 1.10x10
Ty [kgrr®/rad)] 1.64x107
B, [Nrm/radfs] | 1.05%107
Table 2 Parameters of controllers
jack pararmeter
a, = 9.87x 10
Cyls) ey =392 1077
Jack oy = 1.01x 107°
F?',(s) Lo 1/ oo )
Cls) |B=0p, G =0, fi=0y
jack? | F(s) [r=0,001
P (s)70 [1/5(0.785+216.12)] 7"




<AdTEE>

T8 B8 LoE
SAE7) Y o Fst=
ot B (s), P(s)s AF ¥
olgL RHF AEHo|H =He
Matlah® Simulink® Al E A
(1 4% Mo 98 D4
< M9 37 2 7R, #d
#Hate]  Tr(t) =6.93] sin(wt) [Nml2 3}™, Fig.
33} 2}

ruﬁm

(2) P,(s)5F P,(s)9 AF3e] TYIA 92
F79 4%g é%aﬂ ZAHEE pls)E
10%, P,(s)E 30% REA7ch

10 T
load of jack1
= sk m—— load of jack2|
E‘ ;"\\ ::"\.
2 3 4 o]
time [s]

Fig. 3 Torque load[Nm] of the jackl, 2

Fig. 4, 6, 82 M=ZH=A¢17] 3 4HLH
7t AT Rls) R (s)=0 R Fls) =
Fig. b, 7, 9¢ HZEZH= A 7] 2 Y=EE7]
g AFs9 2, gz A9l A= o]
HAEAA e 44 g% Fd = S
A1 A28 HA-eHS vebd et
32 e v A(s)'F(s)=0 3 Fls)=18
A8 TR H, ¢, e, = B (s)F(s)E
ZEEAA F(o)Y 732 242 0, 0012 F H
9] Fr1eateth
Flg 4 5E A@ P W3 FESH 2 9
el g3 dAHE F712AE Ve itk
Fig. 49dAMd<= FHd 004mm], Fig. 5dlAM =
0.01[mm]e] F712x7t ATt D= /Fef ol A
e, B3l e, e, TEHEE A2 29 #HE=
TH=A 77 18 2ol 3,8 A%5] FF
A o4 stedlddth aEjn FANH
A 0.02[s] B¢t 6.93Nmle] dFE~ &g M)

l

AZTSEAATHAA A A A T pp ~ 0003 4
e 04[s], H24E 0.7[s]dlA <17 gt ]
A1, 29 A7)zt e JRE AATLE
M OFTIRA e, ey, ept O0mm]E FHHTH
A1ETE 28] ARt 43 FrLAs 2 AL
;‘_‘127]- Mo =37 ypa Tof’]’;'] R ]Di] 41
o] e U] e, BT} e, e, FINLXTT FF
< A2 [N Zo] FFAFo] T
g Auigth FE e, e, E T A g
E 5712347 HE #A2ES Yeda Ut
Fig. 6, 7& #=Zdg 7 F3 7o s F
712238 vYedn vk g §244
FFHE ZFe] AFY FEL §24He=
FATIE FAAA TAHE FAAAY 23S
7HA% Aol & =ZEF<lel FELS Eo{2¥
o dete] ArRlE F2H0-2[s], 10[mm/s]), 2}
S 928 Aduy AArr dA3gE T3
(2-3[s], Olmm/s]), SE-& dutel stgg o2
Arroldo g ERHde F7H3-5ls], 20[mm/s])
o8 FEIh e dute] BAAZ FIHAA
T A M2 ddYgdA dHH0F o|FR
2 A F0-bsDAA Fig. 3% 22 I35
Ty& 217}tk Fig. 62 FZAF dis) 73
Tr°] Fig. 49] d¥€2 gfgde W3 F71234
A e gFo] Fgor, 1o 8€E& A29 ¢
Ho 2 3t AofAad NETR H3] Al
Bt} 229 Ryt Zr|extd mRE G5k
F& el vk 38 #A=Z9FY 7277t
HEHE TN TAEE AU Frlexe
e, = 003[mm]e] AT, e, 0.005[mm], e,=
0.01[mm]e]3t2 Hrl 2831 F7)2RE AA
sted Add ARE FHEX YA 7|7 2F
" Fig. 79 A7} Fig. 62t B#=2Hth o3
3l 7o v A1, A2rt HEAFHE 5
I FAlY B7122E 0.01[mm]e]3tE ZdA
lozH 483 4y FHFA7N 7A5EE
o] =] 3o}
Fig. 8 9¢ dyte] 443 A== 7|&x &
< ARl A sze] F) A1, A2e] Apelnt
AR AH B 73 7ol 7HEE A F1L
ZE HEd A o[t Fig. 8elA dAF AgHo
A HH eSE 0.02[mm]2] B Welx HAF
717} "R g, Fig. 95 HEX Ao 7)d 23]

o
35
o

=

-

Ofi

i

o, gy gt rﬁo



A
e
4l
i
HO
v

121
1.0

0.8
06
0.4r
0.2

distance [mm]

D'%.D D.IQ

0.04 -
0.0z

=
=
=1

=

=

[}
T

errar [rmrm]

[

=
=
=]
o
o

Fig. 4 Step response

time [s]

of a balancing control system

without controller 7, (s)~'7,(s)

121

1.0F
0&r
06
04r
0.z
0.0 L

distance [mm]

0.2
0.04 -

0.02 +

0.00 r\._.-—

0.4

-0.02 -

errar [rmm]

-0.04 L

0.0 0.2

Fig. 5 Step response

with controller

distance [mm]

0.4 0.6
time [s]

of a balancing control system
P, (s)7F, (s)

error [mm]

time [s]

Fig. 6 Lamp response of a balancing control system

without controller 7, (s)™'F,(s)

error [mm]

Fig.

errar [mm]

Fig.

error [mm]

Fig

F2EBIAFTSEA A A A F pp. ~

20048 2

tims [s]

7 Lamp response of a balancing control system
with controller P, (s)7F (s)

E -
— 4
=
£ 2
o 0
c -2
a3
% -4
i
0.04 p
0.02
ooof
002t
-0.04 L : ' 1
0 1 2 3 4
tirne [s]
8 Sinusoidal response of a balancing control
system without controller P,(s)71F, (5)
€
E
=i}
(&}
[y
s
z
=]
004y
0o2f
o -
0.00 AN e AN
s Bl -
002} Cer
------ 52
004y 1 2 3 4 5
time [s]
. 9 Sinusoidal response of a balancing control

system with controller 7 (s)71# (s)



<g@T=E>

HO

egc 0.005[mm], e, 0.01[mm]2] HHY lﬂi

FI12AE AT e UrEMw o} o
Ae Fig. 19 99 $BFA FA7} g9 A
= g s 8, 5P oF BL 3
AN & Jeg Jugn.
5. 4=
B ATANE REAANFL £ oFF 2
2% AL olgste Y4 AMA ASAE
¥ Fo 94 FHALL FPo2 FANY
) 9% AR nasdh o FRAN

E ZA&A717] 93k 2R EAle 7E 72
#F FIACAI2EE BASET ol 23 F
17 429 AR A7) PIDAIC7E, J=EX

HEAG 7= A28 4 2dL o &3tk 2

T

#Ht
(1) A12] 9x&80] 29 YAXFo2 o
Ale 1AAE R} T

Aol WAL FTHE BEAY & AN

(2) AAXFo] AFAE Aol A2 o =
4¢ o|§F ASTASAAINA FEA5E T
GAA §7192E BEAE ARE AL &
slos, 98 BHY pe FBs d9ge

=24 B7eAE A4 228 5 A9

() WA B AiNARoE A1 W2
AAARE $2UR T F12AE ol
FAd9Y FH4A FAE
g249 34 J1sRe Fasgor, Alun
A2e) R FAeRe wAE FFe] =)
Wed 2t 4BF FFAAE A3 ool U
Bgo] Yage FAsgch

% 7|
& 4TE BL198 Adez 4d ¢
- A FE7IEAE AGgALAIGAE Y A

g
St
1. Lloyd, A. R. J. M., 1989, "Seakeeping : Ship

Behaviour in Rough Weather", Ellis Horwood.

HEB7AFLEA A A A T pp. ~ 2043 2

2. Fossen, T. 1., 1995, "Guidance and Control of
Ocean Vehicles”, John Wiley & Sons.

3. Koike, Y., Saeki, A., Mutaguchi, M., Imazeki,
M., Mivabe, H and Yamashita, 8., 1999,
"Application of Hybride Anti-Rolling System to
Actual Ship", Transaction on SNAJ, Vol 185,
pp. 111-117.

4. Tsukioka, 8., Saeki, A., Miyabe, H and Fujita,
T., 1998, "Development and Sea Trial of a
Hybrid Anti-rolling System for R/V "MIRAI"™,
Transaction on SNAJ, Vol. 184, pp. 187-192,

5. Oikawa, M., Koike, Y., Chatani, K. and
Shigematsu, S., 1993, "Study and At-sea
Experiment on Actively Controlled Anti-Rolling
Systemn”, Transaction on SNAJ, Vol. 174, pp.
217-223.

6. Kim, Y. B. and Byun, J. H., 2001, "A Study on
the Design of the Anti-Rolling Control System

for a Ship", Journal of CASE, Vol 7, No. 5,
pp. 438-444.

7. Ogata, K., 1992, "Systemm Dynamics”, Prentice
Hall.

8. Takagi, 8., 1988, "Control Engineering”, Corona

Publishing Co., Ltd..

9. Nakamura, M., Hiyamizu, D. and Kyura, N.,
1997, "A DMethod for Control of
Mechatronic Sero System with Master-Slave
Axes by use of Synchronous Position Control”,
SICE, Vol 33, No. 4, pp. 274-279.

10. Byun, J. H and Kim, Y. B., 2002, "A Study
on Construction of Synchronous Control System
for Extension and Stability",
KSME, Vol. 26, No. 6, pp. 1135-1142.

11. Doyle, J. C., Francis, B. A. and Tannenbaum,

Contour

Transactions of

A. R, 1992, "Feedback Control Theory",
Maxwell Macmillan.

12 Kuo, B. C., 1995 T"Automatic Control
Systems", Prentice Hall.

13. Sugie, T and Yoshikawa, T., 1986, "General
solution of robust tracking problem in

IEEE Transaction on
AC-33, No. 6, pp.

Two-Degree-of-Freedom",
Automatic Control, Vol

552-554.



