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Abstract : According as the quantity of goods transported by ship is increasing, a port environment is rapidly changing To meet this
situation successfully, the development of the next generation port loading and unloading system{ LMTT) is studied A Frame of shuttle
aar for LMTT{ Linear Motor-based Transfer Technology) consists of three parts which are outer beam, inner beam and cross bean. In
this study, we carried out the finite element analysis for the effect of cross beam on the strength and stiffness of the frame according to
the number of cross beam, loading position of container, the distance ratio of inner beam from center. The result is as follow ; When
the load is applied on outer beam and inner beam concurrently and the number of cross beam is 5, that is the optimum condition in frame
design.
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Table 1 Mechanical properties of SM45C

Items Values
Elastic modulus 210GPa
Poisson’s ratio 0.29

Density 7.8510 *Ns*/mm4
Yield strength 206MPa
Tensile strength 519MPa
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(a) Dimensions and boundary conditions of the frame
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Fig. 1 Schematic of the frame used for analysis in a shuttle

car for LMTT

Table 2 Dimensions of cross section of each beam in the
frame (KS D 3503-82)

Items B H Ta Tv
Outer beam 200mm 200mm 12mm 12mm
Inner beam 200mm 400mm 12mm 8mm
Cross beam 200mm 200mm 12mm 8mm

Fig. 2 Meshed shape of a quarter of frame of the shuttle car

for LMTT
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Fig. 3 Stress distribution of the frame as the number of

cross beam is 5 and the loading position i1s applied

on both of them
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(b) The loading position of container is applied on both of them
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(¢) The loading position of container is applied on inner beam

Fig. 4 Maximum von Mises stress of the frame with respect

to the number of cross beam (N¢) at point A and B
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Table 3 Maximum deflection of the frame with respect to

the number of cross beam (Nc¢) and the loading

position of container (LP)

Loading position (LP)
Ne Outer beam only Both of them Inner beam only
1 6.08mm 5.00mm 4.15mm
3 5.10mm 4.53mm 4.11mm
5 4.74mm 4.35mm 4.06mm
7 4.56mm 4.26mm 4.04mm
9 4.45mm 421mm 4.02mm
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(¢) as the loading position of container (IP) is inner beam only

Fig. 5 Deflection curves inner beam and outer beam in the

frame with respect to the number of cross beam (Nc)

)

=

H)
o

ad]

Zdell wA e AR W) 4

Fig. 55 A58y, a5 Ast A7 25 PelA 5 7
oz ol mwet o Wl HF FH42 FE Ul A
2% AW A dehbs A @ & Aok 1 olfE
e ol A W Wel shete] Aol 7] HEolth 77
o) sk Ast YA A LR He JFTE SHgl w9
wowe) A7 e Wy el AY FAan v Yed
S @ gtk oAl AE o] R I R Ae 2S5
APl Gee dFay] el azs el AFe]l HH o
2 8HA €k

54 2z 0o ASE 24 sl 27 aF A
s Aol A a2 we) Al uhE 9% He] A
el A3 Atole] 4uAS vmaksich

Aol slFo] 9% Wogt Aashs o] 222 W
Aol w2 o WA iy vle AR gl i daEAE
Ay D" 294F Y Fig. 63 Avuw, RE 740
glolA ABAFR)E 094601402 EA Uehton, BE
HAHSD)E A2 WY A7t T ol 3w 2%0]stE 1
Bhdg o 4 8l

B
— Linear Fit as Nc=1
Linear Fit as Nc=3
2 Linear Fit as Nc=5
Linear Fit as Nc=7
E Linear Fit as Nc=9
I
g
i
]
4 -3 2 -1
Deflection of inner beam [mm]
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Nc R SD
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1 0.757 -2.916 0.94637 29.21%
3 0.934 -1.067 0.99927 3.73%
5 0.956 -0.708 0.99976 2.15%
7 0.963 -0.549 0.99985 1.68%
9 0.967 -0.458 0.99987 1.61%

Fig. 6 Correlation between the deflection of inner beam and
that of outer beam in the frame with respect to the
number of cross beam as the loading position of

container is applied on outer beam
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Deflection of outer beam {mm]

Deflection of inner beam [mm]

F(x)=Ax+B )
Nc R SD
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5 0.956 -0.409 0.99981 1.90%
7 0.966 -0.313 0.99983 1.56%
9 0972 -0.258 0.99989 1.44%

Fig. 7 Correlation between the deflection of inner beam and
that of outer beam in the frame with respect to the number
of cross beam(Nc) as the loading position of container(LP)

is applied on both of them
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Fig. 8 Correlation between the deflection of inner beam and
that of outer beam in the frame with respect to the number
of cross beam(Nc) as the loading position of container(LP)

is applied on inner beam

3.3 W5 el Azl =|(RD)oll e
d& e o Aol &

9% 0 R BRe] ZgAlAE Ro] meAe A
JERIESEE BREEPS
=l 10M A BAAR F7hel wet ZelQel &
25 927k 2AHe] Qe 9% We) Azl U )
3 ieEﬂ%H —6—*&011*191 A HRo)7 0104 08744
WE Ho A Ao AFL Fig 9.9 Fig.

=)
eicd
=2
i)
o2
of
O

. lo o 2 o [H
-i
Yool
2
)
ofr i
i)
!
r.&:L
A
Rl
J—L

o> g X ofy

o,
0=

o] ®slol

Fig. 9 Maximum von Mises stress of the frame with
respect to the distance ratio(Rp) of inner beam from

center and the number of cross beam(Nc)

40
45
g 40
g&l—
EM-
£5-
LU L L L
00 01 02 03 04 05 08 07 03 09
Distunce ratio R

Fig. 10 Maximum deflection of the frame with respect to
the distance ratio(Rp) of inner beam from center and the

number of cross heam(Nc)
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