sha)afautels] A28 A2 FASENS] A pp. 323~328, 2004. 11

LMTT-§ Suhttle Car®] Frame 7= 2 73X o] v X]+=
Cross Beam<] <3k

oo,
ofy
8:
(o

* ok A kEE = Ak ok =z kkEkER ¢ FREEEK ) kKRR RKk
TET AT - AT - AMETT - ]S - Ay

sobulotin 7 Fshah hobel, weBol Ul St A B i, wesBoltlstin W) WA FETHY B,

sk kAR ******Y%‘-o]—c}]é}jﬂ 71 A58tk et wxskxxx FEa-7AE) o) FF ot

The Effect of Cross Beam on the strength and Stiffness of the Frame
in Shuttle Car for LMTT

‘]~ H Lim* ° G, j Han** . K S‘ Lee D S H kskckk
‘]' .]' Shim***** < S, W Lee****** . Y H Jeon*******

*(Graduate school of Donga University, Busan 604-714, Korea
#*Division of mechanical engineering, Donga University, Busan 604-714, Korea
=xxDjvision of Electrical, Electronics and Computer engineering, Donga University, Busan 604-714, Korea
sk ke exrssk(iraduate school of Donga University, Busan 604-714, Korea

w=xxx4x Korea Container Terminal Authority, Busan 601-801, Korea

8 o I Al Heoly ¥ R A7 7%% Frhgel wel dek $Ho] FAs] wsleta ol ofeld gpgtel W] §E5H
o2 thA3}7] s A FetstH A 2~8l¢l LMTT(Linear Motor-based Transfer Technology)el d77F &g 51 k. LMTT-® Shuttle
car?] frame'+= Zglo]1& A &8l outer beam, frame®] W dl7} S+ inner beam, ¥ beam®& P AAA K73+ cross beam2®
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ABSTRACT : According as the quantity of goods transported by ship is increasing about 7% per year, a port environment is -uapidly
changing. To meet this situation successfully, the development of the next generation port loading and unloading system (LMIT) is
studied A Frame o shuttle car for LMTT{Linear Motor-based Transfer Technology) consist of three parts which are outer beam, inner beam
and cross beam Outer beam supports a container and inner beam is a framework and cross beam reinforces outer and inner beam 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.

KEY WORDS : LMIT. shuttle car, port loading and unloading system, finite element analysis
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LMTT7F M2$- s|idgoz AJER leon, onf =49
Hamburg 3ol 4] & linear motorE ©]4-3% #Helo]y o=
Ag Agsled N&AE IFa e AHolth LMITE +
2.3 olFo] 715slEE MAE moverd wheel +%¢ &
AtZ9 rail® FAHo 9dew, LSM(Linear Synchronous
Motor) 4o 24 ofFapAFe] HAHo] mover(shuttle
car)®} rail Alolo] A& 7tAoE MAE stator moduelol
olal tE®ch LMTTE shuttle carg AAS7] HallAs
frame, stator module, wheel, rail®] &Abe] @We I3 = A
gHollle] ZZe| digt H7l, linear motoroll A L AsHE Hel
B3 47 5 s dF7F s ojob grHSakamoto et
al., 1997).
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Table 1 Mechanical properties of mild steel

Item:s Values
Elastic modulus 210GPa
Poisson's ratio 0.29

Density 7.8510°Ns2/mmd
Yield strsngth 206MPa
Tensile strength 519MPa
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(a) Dimensions and boundary conditions of the frame
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(b) Section shape of each beam

Fig. 1 Schematic of the frame used for analysis in a shuttle car
for LMIT

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

Items B H T Tv

(b):;‘: 200mm 200mm 12mm 12mm
pner 1 200mm | 400mm | 12mm 8mm
CrosS | 200mm | 200mm | 12mm 8mm

P
Sl e R
Sa gt %"s‘:»‘»”

1ol Mg zhol
z27% Hestgon, framed] o

-
4
BN
a

2 Fig.

J

—324—



Ado) YARZAZRAS J&39T. &5 40tond 7HA) 3§
% Ask =7 upe} 40ft—contamer4 Z o] 6}]'46-}‘:—
12192mmell H* ExsFor ghilsio] 2L AIA 718}

g8 "4y ZAAZYE 18% 9 framed] Aol ”“kﬂr
ubgko] thFolm g H3Q 484 S Y8 framed 1/4% Rv
g st s Al qiA@A =20 A}%O}S’&oﬂﬂ 7 B

m~ A

3-dof (Ux, Uy, Uz)E Z< 8-node brick 8.4& AME-31s
LAREE sYck MR wAlg F44E Fig 24 e
WAt

2.2 MAY

1) Loading position of a container(LP)

33 A YAALP)E 40tond  AHElol lES
40ft-container®] #Held] siZste 12.192mmol] EX3F o
ghatsto] 3EAl71E HAZA outer beamol| T FHEAIZ)
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2) Number of cross beam(Nc)

Cross beam? 719°(Nc)i= cross beam®] +A(De)ol w3k o
B Apole} Hol(Ls)o] HI2M A1)} Zo] Heolstg e, |,
3,5, 7 9709 571X & Aok

3) Distance ratio of inner beam(Ryp)

Frame F4dolA inner beamAlo] A(DDE ZAHY e
outer beam® Az|(Do)oll g v(Rp)EHK 2(2)8} o] A9
3tsion, 01014 08714 0.199l 2 87121 & dAsd).

Ryp= g ) @

3. sfMAz & A

3.1 Maximum von Mises stress of the frame

Fig. 3& #As"lely 38l5<] inner beam™ outer beam 259
283t A9 (case IDo| cross beam ] A7t 570 4 o
frameell #A3t= von Mises 58 #X& Jehig, &5 A
3 9 A9} cross beam?| 7H5ol whE frame.i maximum von
Mises stressZ Table 3o YElHRITH Fig. 3914 point A¥
frame®] FHOEA HU FPLHo| WA AHolw,

point B& A FezA Hd ¢E8eo] Bt Aotk

Table 3 Maximum von Mises stress of the frame with
respect to the number of cross beam (Nc) and the oading
position of container (LP) at the point A as shown in Fig. 1

Ng Loading position (LP)

Outer beam only |Both of them Inner beam cnly
(Point A / Point B){(Point A / Point B)[(Point A / Point B)

1] 133.28 / 131.80 82.13 / 139.71 45.04 / 14333
78.92 / 144.00 57.52 / 145.66 47.81 / 141.77
64.13 / 148.63 50.98 / 148.58 45.01 / 143.59
56.48 / 152.14 4731 / 151.10 43.24 / 151.07
5187 / 15426 45.02 / 152.59 4293 / 15393

O | Q] |w

HODAL SOLUTION
STEP=t
SUB 1
TIME=1

SEQV (4VG) b
O +4.739 i
ST +.026395
SHX =148.626

026395 33.048 6.071

16,537 49.559

83,053
82.582

- 132,118
115,604 140.62

Fig. 3 Stress distribution of the frame as the number of cross
beam is 5 and the loading position is applied on both of them
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{c) 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 (Nc) at point A and B

2}zte] 8% et YoM cross beame 745l WE frame
2] Point A%} B® maximum von Mises stress& Fig. 4ol
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4 sk

3.2 Maxdmum deflection of the frame
3% st 219t cross beam®] ol &
maximum deflection® Table 40 WeEpiIEt,

frame 2]

Table 4 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 Quter beam only [Both of them Inner beam only
1 6.38 5.00 4.15
3 510 453 4.11
5 4.74 435 4.06
7 4.56 4.26 4.04
9 4.45 4.21 4.02
ztzko} db% Ash YA OIA cross beam?] Aol WE frame

off 4] elinner bear13 outer beam®] deflection curved Fig. 5
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(c) as the loading position of container (LP) is inner beam only

Fig. 5 Deflection curves inper beam and outer beam in the frame
with respect to the number of cross beam (Nc)

Fig. 58 d9dy, 3% A48 37} outer beamo} A inner
beam2 & o]¥ gl et outer beam?] deflection cuwrved
imer beam?] deflection curve$t A FAFH] Yelde: A
S @ 5 9o, 7#zhe &% Ast YANA cross beam
M7t F71stel whel outer beam@deflection curvey= inner
beam?! deflection curvet BlZdtAl Jeld & & 5 ok
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A& cross beam? Mg ARy Yste] Zgzhel & A
3t Aol A cross beam.J Mol W2 inner beame) H 3T}
outer beam®] 23 Ajoleo] A##AF vu st

Adloly 81F9) outer beamoll st 2881z A9 cross beam
9] 7hg=oll Wit inner beamn® outer beame] A3 Aol A
HAAE Fig. 69 ehlilen, 247ke) cross beame] 7
o A 134212 2 fitting@ A3 Table 591 VERACH

Linear Fit as Nc=1
Linear Fit as N¢=3
- Linear Fit as Nc=5
Linear Fit as N¢c=7
- Linear Fit as Nc=9

Deflection of outer beam [mm]|

& Ne=7
® Nc=9

-6 T T T T
-4 3 -2 -1

Deflection of inner beam [mm]

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

Table 5 Linear fitting data between the deflection of outer
beam and the deflection of inner beam with respect to the
number of cross beam as the loading position of container
1s outer beam only

F(x)=Ax+B ,
Nc R SD
A B

1 0.757 -2.916 0.94637 0.29218

K) 0.934 -1.067 0.99927 0.03737

5 0.956 -0.708 0.99976 0.02147

7 0.963 -0.549 0.99985 0.01688

9 0.967 -0.458 0.99987 0.01611
container 3}5°] outer beamoll¥t ZH&3dH= H-$o) cross

beam®] 7H4ol W& outer beam# inner beam< & Zholl
et AA@AE linear fitting® A& YERN Table 58

HE®, 2E gl Aol correlation coefficient (RY)E
096olAte 2 =A Yeldten standard deviation (SD)
cross beam®] 7i5=7} 770 o] wf 002 olstE eSS
4= Atk

Aefol] 8HFo] inner beam® outer beamel S-Alel 283}
Y- 2499 inner beamol T 24 3 A9Z 9o} ze HAHS
Folo] BAalR d3n container d}%°] inner beamTouter
beam P50 2Hg8k= A-$ol = correlation coefficient (R
09460102 =A YeP o, standard deviation (SD)v
cross beam®] 7Ng7F 571 o]4d w 0.02 o|stE YElR L

mz T np;

3+Eo] inner beamol 28 & S+ correlation coefficient
(R)E 094601402 %A Yepkow, standard deviation

(SD)¥ cross beam®]
Bhde & 4 Utk

W7k 374 ol w002 otz U
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Fig. 7 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)
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Fig. 8 Maximum deflection of the frame with respect o the
distance ratio(Rp) of inner beam from center and the numboer of

cross beam(Nc)
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frame?| FACRRE X7t n4=lo] Ut outer beame]
Azlo] 3 inner beam¥} frameol FHolA9 Az MI@Ry)
7 0.190A 0874A1¢] ®Bel] w2 maximum von Mises
stress® maximum deflection® Fig. 9.9} Fig. 1001 z}Zk
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1. cross beam® 7HF7F S7tgol whel Hd 38| &
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