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The Size Optimization Design of Crane using
the Table of Orthogonal Array and Finite Element Analysis

D. K. Hong* (Mech. Eng. Dept., Dong-A Univ.), S. C. Choi (Computer Aided Design Dept.,
Chang-Won College), C. W. Ahn(Mech. & Ind. Syst. Eng. Div., Dong-A Univ.)

ABSTRACT

The correlation between the object function and the design parameter is shown on this paper by using the
characteristic function for the mixed result of the structure analysis, the buckling analysis and the table of orthogonal
array according to the original crane's dimensional change. About the above two object functions, the eftective of
design change according to the change of design parameters could be estimated. Also, the crane's weight is reduced
up to 20.58 percent maintaining the structural stability according to the thickness of plate.

Key Words : Dimension optimization(X] 4~ # & 8}), Buckling analysis(2} &3l 4), Characteristic function(E/d ),
S/N ratio(21 & o} F-& H]), Finite clement analysis($-3+ 24 3]4), Girder & Saddle( At $; A5,
Crane(2 2} 21), Table of orthogonal array( 2] mnl} 3%), Analysis of means( 7 #4])
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Table 1 Mechanical properties of SS400, Rail 37A

Item list

Description

SS400

Yield strength( o,) 245 (MPa) (t=16)

Density( o) 7.959%10 7% ( kg/mm?)
Elastic modulus(E) 2.0x105 (MPa)
Poisson's ratio( v) 0.3

Rail 37A(37 kg/m)
Yicld strength( o,) 760 ~ 790 (MPa)
Density( p) 7.959x10 "¢ ( kg/mm?)
Elastic modulus(E) 2.06x10% (MPa)
Poisson's ratio{ p) 0.3

‘I'able 2 Iimension of crane

Item list Dimension(unit : mm)

Girder span 27,600
Saddle span 10,788
el ‘ot ol 4,600
Girder height ; 2,300
Girder width 1,350
Saddle height 800

Saddle width 750
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Table 3 Load condition & allowed conditions

Load condition

(KS A1627 / JIS B8§21 : Unit

Class 4)

Wheel reaction force( R . )

2 PH ?.XPIX(VVB~
N WexN
3 Crab self weight ( PH) : 27.5 ton
Main hoisting load ( P)) : 40 ton
% Crab wheel base ( W) : 4,600 mm
3 Number of wheel ( N) : 4 ea.

3 Crab wheel approach ( @) : 2,150 mm

Vertical dynamic load(V= R >xMx9)
s Working coefficient(M) : 1.2
3% Impact coefticient(®) : 1.6

Horizontal load( S)A
¥ Sp=AxR ..

% A=0.12

Applicd 3D self weight

Applied gravity(G=gx0)

s acceleration of gravity(g) :
3% Seismic coefficient(®) : 1.2
Allowed condition

Allowed stress( ¢, < 0% S

¥ Safety factor( S,) : 1.5
KS A1627(load condition A)
% Yield stress( g,) : 245 MPa

a)

KR =

18 ton

30.24 ton

2.58 ton

9.814 11.78 wv/s*

Unit

163.3 MPa

Allowed displacement( < u . *
 Safety factor( S,) : 1.23
¥ Max. displacement ( u,,. ) :
[girder span(=27,600)x1/800]
Allowed buckling strength
(ParZ Prax *Ss)
¥ Safety factor( S,)
% Max working force( p

S

28 nun
34.5 mm

2xp

max

HAY )

DOF constaint
ux, uy, uz, rotx, rotz

Pacs
thaown

Fig. 1 Load and boundary condition design variables

of crane
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Table 4 Factors and levels
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Table 5 Characteristic function & S/N ratio

Exp. | Characteristic function S/N ratio
1] 1.09746 -0.80774
2 0.93771 0.55859
3 1.02768 2023716
4 | 0.93216 0.61018
5 0.91058 0.81367
6 1.02869 1024573
7 0.87370 1.17278
g | 103160 027005
9 1.00907 -0.07845
10| 0.93987 0.53861
1| 0.95527 0.39750
12 1.05947 -0.50173
13 0.93816 0.55444
14 f 0.94663 0.47640
15 0.91124 0.80733
16 0.92270 0.69882
17 ’ 1.03175 027148
18 0.97237 0.24339

Table 6 Factors affecting

the characteristic function

Factor 1 Ef;ect 3 Deviation ' PC(%)
to, -0.008 0.503* 0.249 0.511 18.78
t, 0461* 0284 -0.002 | 0463 17.02
lh“p 0.110  0474* 0.160 0.364 13.38
thn {0206 0.317* 0220 0.111 | 4.08
st,, -0.257 0391 0.609* | 0.866 31.83
Sﬂ’t,dJ 0.100  0.427* 0216 0.327 12.02
M on | 0221 0.314* 0208 0.106 | 3.9

Total 2721 | 100

PC : Percentage Contribution, * : Optimum leve

1(3 )

Table 7 Results of initial model & optimum model

Item List Description
Max. von-Mises stress (MPa) 15442
Initial |Max. displacement (mm) 21.24
model Buckling strength (N) 701X P o
Weight(kg) 41.518 ton
Max. von-Mises stress (MPa) 161.89
Optimum [Max. displacement (mm) 25.95
model |Buckling strength (N) 3.22% p e
) Weight(kg) 32.974 ton
Weight reduction(%) 20.38
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Main Effects Plot for S/N Ratios
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Fig. 2 Illustration of factor effect for the characteristic
function
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