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Development of Anti-Rolling Demo System for Mobile Harbor Using Maglev Type AMD
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Mobile harbor which is a novel concept of ocean transportation to bring the containers from the
cargo ship waiting on the ocean away is being focused now. To provide the mobile harbor with
the stable loading/unloading condition, it is necessary to develop the oscillation mitigation
technologies such as anti-rolling system. Anti-rolling system using AMD(Active Mass Driving) has
merits that it can handle the disturbances more actively and mitigate the rolling oscillation faster
than other type anti-rolling system. However, rack-and-pinion type AMD has problems such as big
friction noise from gears and motor, wear and tear, and continuous maintenance. In this paper,
novel anti-rolling system using Maglev type AMD for mobile harbor is suggested in order to
resolve the problems caused by the friction. This novel anti-rolling system doesn’t make any
friction because it supports the moving mass by using magnetic levitation force and moves it by
using propulsion force from the linear motor. The demo system of the novel anti-rolling system
using maglev type AMD has been developed in order to investigate its feasibility. This paper
presents the procedures and results of development of this demo system.

Key Words: Mobile Harbor (Zete 3, AMD (SE7IEEE), Antirolling System (B 88 XMAER]), Magnelic
Levitation (X17| 54}, Linear Motor (2/L{0] 2E]), PD Controller (PD H{0{7])
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Table 1 Specification of electromagnet

Item ’ Spec.
Core material Pure iron
Nominal gap Imm
Minimum gap 0.5mm

Maximum gap 1.5mm
Coil tum 120
Mass 0.44kg
Bias current 3.3A
Current gain - 5.97N/A
Position gain -1.97e4N/m
Height 27mm
Length 48mm
Width S6mm

24 J15EYH FTE Lo ZE9 HF
deduEs dAHA A7 U AAR g=
£3l7) A8 NEAF] FAAANEREH 20.5m
o8 4 UAEE AASIRG. A Fyo] 2
B Ao & Zolx Im WYy gk Aued
913 F58 FrlE 22 oyt HEF AAY
Aolnzg 7L F719 14 21 05 & 9.
0.5m & ol F Yojof At 2 #e A EE
st 025 2o 0.5m E ol F3r] 98 &7 H
= & EE 16mss’olth dkg o THEA Fo] 16m/s?
o NERE AE] A 2F #yol REY
FHE 64N 0T}, o] ANtE HiYeE A4 F
g 50N, Aol $3 200N & Y 5 gl 727



B d e BE3K M 2863 135 pp. 40-47

January 2011 / 43

o] FYeA] o Kollmorgen AHe] Fojgla g
_}
o]

Yol 2EE 4489
3. Mo{7] M ¥ ANEo|M

3.1 X7\ 84 o7 M W AEHO|IM
A AFARE A7) AL A1
AAE 3 AFE 2ol Jlwate] Rl o
2 AANYT Fig 40 3 AFE A7RAA B
e etk 7N z~z, 9 F~F, &
47t 4 A9 AAA AANH e E B9

A7 %gRelTh X, % y, & A7 A% A

i K

AR Adejelx, 6, ¢ 6, € F2 x Fo] W
¢ pitching Z}, y %oﬂ et rollmg Z}olt},
z
& 6“
a ‘it
il y 5, f,é"’i; =3
F4 é.w.ﬂ..ﬁw‘wf){v_;é: ................ - e ;3
zl Z2
F1 F2
Fig. 4 3-DOF Maglev model
I ARE A gd AVRaAE et T
o] Yetd & 9t
mz=F Q)
F=-K,z+Ki )
A1 m e A%, 28 AR A3, F e A
VE3E, i e Xﬂfﬂ . K, & 91274 (Position
gain, N/m), K, & 77"“ d(Current gain, N/A)°| T},

2, @F Fig. 4—4 3ARE Bl e #8335
of Yehild g3 2ok olelN I, I =
2tz x &3 y Fo e ARBAEAE|Th

mi=F +F,+F,+F, 3)

]xxéxz(F3+F4“F2“f71)J’b “

1,0, =(F,+F,-F,-F)x, ()

2 B3yl A)E ALl 7 AE ol gis
A Aoz Jehiw d&3 gt

P 0 1 0 0 0 0
. Ky 0 0 0 of #
zZ m H;
0 0 0 0 , 1 0 0 P
. 4K, v; x
6, 0 0 _T 0 0 0 é,
g, o 0 0 0 0 1)4
i 0o o o o B 4|4
¥ I
» N
C0 0 0 0
K K K K
m m m m i
0 0 0 0 .
+ _ K, K vk, WK, 1'2 (6)
Ixx Ixx Ixx IXI l3
0 0 0 0 i,
_xK, K %K %K,
Ly Iyy [}3’ Iyy i
z, 0,0 ARE z|, z,, z;, z,° At
of Vel g3 g
2 1 -y, —-x
. z
Z Vs X
= 0, D
23 1y, Xy
g,
Zy Ly, —x |~

]

)

21(6), (& o]&38le] Matlab/Simulink o 4] X%
HE & AByeldE %k BL Ao uig
2 200Hz 7} EJE%’;- PID Aoj719] 7] ANE
Aeta gE 2y *éi& a7 & Al =4
& chs 7?%1“*4 BAES Imm FEE z
& W70 %) FEHE Bl z, z,, Zy, Z,
9 71ZE98L 0 22 FAE A™dA 01 2 F
z,, z,'09 7198 E 01 B WA= AL 7]
e Y AR z YA SHL Fig.
5 o] YeEREY sEENs $EATE Rl
21=3

ok, rulo 2 J%n B

o



BEYSesIx A 28 13 pp 4047

January 2011 /| 44

Displacement of Z1
T T

[mm]
)
o =
T
'
|
|
|
|
-
Lo
I
i
I
.
|

|
;
02 , Dusplyacement of Z2

'ggjk_,,.-_... :
E, A
|

i

|
0.4 i i i f
Displacement of Z3
02 T T T T
—gab _ _ __ bl ___ [ IS DU
g0 i i | |
.ga ] A | L L
| i i
41 i i i i
Displacement of Z4
02 1 1 [ ]
=4l - _ _ L ___ [ [
g o4 ! | | |
- a A A . \
e ¥ i ] |
i. A i, A
o1 0.1 0.2 0.3 04 0.5
Time[sec]

Fig. 5 Step response of Maglev controller
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