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‘2 2 : LMTT(Linear Motor-based Transfer Technology)i= @7 A&3E 93 Aeoly Blv|dE 529 o4 A olv, rail#}t shuttle
var(mover)oll ¥ #% stator module® T4 %¥ PMLSM(Permanent Magnetic Linear Synchronous Motor)oll 28] +%&#c} 2 =& inner
seam¥} outer beam®) Fo1v7F LMTT® shuttle caré] frame 2% 2 7Z36) MAE 9%E APt A A M= inner beam®) v &4
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Abstract : The final goal of this research is to establish the relative dangerousness D/B for factors on seakeeping performance. This D/B
's essential to develope the seakeeping performance evaluation system built-on-ship. The system is composed of the apparatus for
rmeasuring a vertical acceleration to be generated by the ship’s motions, computer for calculating the synthetic seakeeping performance
‘ndex and monitor for displaving the evaluating diagram of navigational safety of ship. In this paper, a methodology on the establishment
of the relative dangerousness D/B for factors on seakeeping performance is presented by a numerical simulations, playing an important
role on the algorithm of the program for calculating the synthetic seakeeping performance index. Finally, It is investigated whether the
velative dangerousness D/B can be realized an accurate values according to the loading conditions, weather conditions, wave directions
cnd present ship’s speed of a model ship.

Wey Words : Linear Motor based Transfer Technology(LMTT), Finite Element Method, Cargo-working System, Ultra Large Container Ship
(ULCS)
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Inner Beam®] F7¥] ¥ Fo]H]7} LMTTH Shuttle Car®] Frame 7
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Heto 2 X F74A AGV(Automated Guided Vehicle)7}
250} 23 vt vd#= ECTEoME ojn] 9% 0]

2 =Y F5 5ol A&E &7 vk 2
AGVE 4 $%7} bnvs B=e|H, 1 9] dAe E&844
oz Qld wAstE oF kA FAES
7R o) wElA, oY BAES dAdsu, AEINE 4

Al @487l fste] LMTT7F M2% o2 AtdH
o ojm e Hamburg@olAE 3 linear motors
ol &3 oY o|FAAE ALdA AlLHE AFI YT
Fejelrt.

LMTTE 4% o]Fo] 7tsste® AAE moverd
wheel 2%  ZAAFF  ralz  FAHO gow,
LSM(Linear Synchronous Motor) B4 0 23] o3 3Lz}A1H o]
A A9 mover(shuttle car)®} rail Aol 443 A= A
AH stator moduleo 23 2. LMTTE shuttle car
2 A2A57) 9814+ inner beam¥} outer beam®] o] H| 9
wE g containerd 7o 3 H7} cross beam?] 7H
F 8 A mE 4 5 gt Ao FgHofef gt
(Sakamoto et al, 1997). & A7 A= movers] TXAAE
H 712 AEZEA shuttle carolA] inner beam¢ ¥4 %
=o|H7t framed] ZE B A MAE JFL HE T
2484 T2 Wl ANSYS 7.02 o]&8te] 2 ruat 3
H(Zienkiewicz et al, 1989).
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Table 1 Mechanical properties of mild steel

Elastic modulus E 210 GPa
Poisson's ratio v 0.29
Density p 7.85%x10° Ns*mm*
Yield strength Oy 206 MPa
Tensile strength Oy 519 MPa

LMTTE #% shuttle car®] frames HA F+F2E2] o)
7l 5+ Inner beam, container boxE | ¥i3}= Outer
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Fig. 1 Dimensions of cross section of each beam in frame

of shuttle car

Table 2 Dimensions of cross section of each beam
[unit:mm]
QOuter beam 200 200 20 20
Inner beam 200 250~400 20 20~50
Cross beam 100 200 20 20

Fig. 2 Meshed shape of model for analysis (Rr=0.25, Ru=2.0)
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Inner beamo®] frame2] 7% ¥ ZAld nX= FaS 9
7V8k7] $18ko] Inner beam®l F78] % Eo|vH| S HAWS
2 AAsAhE 5, 2000), (F 5, 1998).

2.2.1 Inner beam& FAH(RT)

Inner beam<] FAH](Rr)+ Inner beam®] Z(Bpol] st
FARAY FA(Twe H2A ()3 o] Ao,
A2 A 0.1, 015, 0.2, 0259 474AE DA

Rr= T/ By (1)

2.2.2 Inner beam®| =°]|9](RH)

Inner beam?| #=°]8](Ry)E Outer beam® o](Ho)oll o
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Fig. 3 Stress distribution of frame as Rr=0.25, Ry=2.0

Table 3 Maximum equivalent stress of frame with respect
to the thickness ratio and the height ratio [MPal

RH Rt 0.10 0.15 0.20 0.25
1.25 137.952 129.740 121.620 112.381
1.50 113.294 106.484 101.391 95.668
1.75 94.916 89.300 86.002 82.441
2.00 82.307 77.129 74.648 72.195
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Table 4 Maximum deflection of frame with respect to the
thickness ratio and the height ratio [mml]

Ru T 0.10 0.15 0.20 0.25
1.25 5.592 5.269 5.007 4.784
1.50 4.603 4.299 4.056 3.850
1.75 3.875 3.595 3.376 3.191
2.00 3.338 3.084 2.888 2724
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Fig. 4 Maximum equivalent stress of frame with respect to

the thickness ratio
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Fig. 5 Maximum equivalent stress of frame with respect to
the height ratio
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Table 6 Coefficients of stress formula with respect to the
thickness ratio(Rr)

Ry Ag Ay Az A;
0.10 373.327 -273.243 74.768 -5.451
0.15 374.165 -302.150 99.408 -11.296
0.20 323.540 -244.919 77.360 -8.587
0.25 265.911 -179.567 52.128 -5.387

Z4gre] AFE vAl FABRY BT 32402 fitting
kil

}::1 vhehu
Ay =39.43+6443.023 R 1
A, =356.6—11677.4 R+ 64237.1 R% — 104421.4 R%
A, = —288.6+6597.55 R — 35440 R% +58005.3 R%

Ay =64.16 —1243.52 R+ + 6549.33 R% — 10752 R,
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Fig. 6 Maximum deflection of frame with respect to the
thickness ratio
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Fig. 7 Maximum deflection of frame with respect to the

height ratio

8 max = By+ B Ry +B,R4+B;RY )

max

Table 7 Coefficients of deflection formula with respect to
the thickness ratio(Rrt)

Rr Bo B B: B;
0.10 16.902 -14.691 5.448 -0.747
0.15 16.664 -14.939 5.632 -0.779
0.20 16.592 -15.401 5.960 -0.843
0.25 16.484 -15.707 6.184 -0.885

zhapel A4S A FAURDA BE 3340
ahe] Uehid,

2 fitting

B, = 18.684 —30.57 R+ 154.4 R% —269.3 R%
B,= —16.32+37.86 R —265.2 R% +494.2 R%
B,=6.5—25R++177.6 R% —330.7 R%

B,= —0.99+5.58 Ry —38.4 RZ +71.12 R%

- 210 -



3.3 SIAI 0l28t Inner beam?| HA X
LMTT$® shuttle car®] frame AGVdl ¥ +z7} 3
gty BRI Mo g Q3 7Hio] Ao WAl fom
=% % Inner beam? FAH|(Rr)¢} EolH]
28Z29 4(3)& o|&3le] Inner beam®l

& AAVIEEEHeRE F
3, tdes 22 ale W 88832 103MPacl €t A
(3l A Inner heam® =°17F 250mm(Re=1.25)% i, Inner
beam® FAB|(Rr)i 0.279¢] Hrh F Inner beam®| F7
H)¥= flange F(200mm)° g web F72] H]ZA web T
A= 55.8mm7- @} Inner beam? ¥o|7} 300mm(Ru=1.5)
d o, Inner beam®] F7¥(Rr)= 0.1557}F = o Inner beam
9] web T+ 3lmm7t ®vh Inner beam®] |7}
350mm(Ry=1.75)¥ w, Inner beam® F7¥ R 0.0489]
5o} Inner beam®] web 7% 9.6mm~7t @t} Inner beam
9] F¥o17t 400mm(Ry=2.0)¥ |, Inner beam®] F48](R1)+=
0.0157} = °] Inner beam® web 77 3mm7} Fth.
Inner beam 18 beam 24 40tong] 3}Eo th3 Inner
beam® A g ®o] 300mm, web?] F74 30mmz &
= Aol 7h4 842 Fx7F dves AS ¢ 7 Ak

foe
Z1
= =

4.4 &

LMTT$% shuttle car® frames 2A57] 93 71245
241 Inner beam®] frame® 2% W ZAol v X Fut-s
&8l A Bl HUe A thea e A28
2o},

ﬂg 11

A g2 gulde] 7hgA Ay 4o
7y SRS E AdAdESE S HAAA2 vl el 7Hg A
8o Fastyrt

2. LMTT& shuttle cardlA Inner beam® F78](Rr)%}
Zo)H(Rp)ol WE Framedl ZAstE Holdd &2
AYAL 332 02 Aolsle k7t Sl

L. Inner beam®] FA¥7} S7tES HOYFeH 3 3
o8

- 211 -

2 03_71% e

(1] &g, olA%,

e
re
ey
o
>
H
e
_?l',
oo
B
of
i
tlo
L,
o o

3k o) 40ton®] s
300mm, web2)

°l
A Sommiz S Aol g BEHL P27} Ak AE

e

wAq SR ATANG S A

iy
Kl
Ao

B

ol d4(1998), “HrE#RAWE ol &3t
AGV FZE9 ZEs|H) 3| AsE ], A 7H,
A 3%, pp. 37-42.

(2] gtz b gk, ARE, FE9=(2000), "R dA

il
T Hgel] whE Fdy e BAa ] ¥ A4 o
F@r1Asks] 2000 FA G
807-812.

[3] Lin F-J, Wai R-]J, and Hong C-M.(2001), "Hybrid

Supervisory Control using Recurrent Fuzzy Neural
Network for Tracking Periodic Inputs,” IEEE Trans.
on Neural Network, Vol. 12, No. 1, pp. 68-90.

[4] Sakamoto T. and Shiromizu T.(1997), "Propulsion

Control of Superconducting Linear Synchronous Motor
Vehicle,” IEEE Trans. on Magnetis, Vol. 33, No. 5, pp.
3460-3462.

| Zienkiewicz O. C., Taylor R. L.(1989), "The Finite

Element Method,” 4th. ed., McGraw-Hill, Vol. 1, pp.
260-287.

Anded 020039 10¥€ 24
el 2004 28 49



