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The Optimum Design of Magnet Over Head Crane and
the Sensitivity Analysis for Orthogonal Array
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ABSTRACT

In this study, structural optimum design was applied to the girder of magnet over head crane. The optimization
was carried out using ANSYS Code for the deadweight of girder, especially focused on the thickness of its upper,
lower, side and reinforced plates. The weight could be reduced up to around 15 % with constraints of its
deformation, stress, natural frequency and buckling strength. The structural safety was also verified by the buckling
analysis of its panel structure. It might be thought to be very useful to design the conventional structures for the
weight save through the structural optimization. The objective function and restricted function were estimated by the
orthogonal array, and the sensitivity analysis of design variable for that was operated.
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Table 1 Mechanical properties of SS400, Rail 37A

Item list

Description

SS400

Yield strength( g,) 245 (MPa) (t<16)

Density( p) 7.959x107° ( kg/mm®)
Elastic modutus(E) 2.0%10° (MPa)
Poisson's ratio( v) 0.3

Rail 37A(37 kg/m)
Yield strength( o,) 760 ~ 790 (MPa)

Density( o) 7.959%10 % ( kg/mm?)
Elastic modulus(E) 2.06% 10° (MPa)
Poisson's_ratio{ v) 0.3

Table 2 Dimension of over head crane

Item list (lIl);;rtle:ns;;)':)

Girder span 27,600
Saddle span 10,788
Diias e
Girder height 2,300
Girder width 1,350
Saddle height 800

Saddle width 750

22 dA=AH U SlE=A

Fig. 1 Loading and boundary condition of magnet over
head crane
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Table 3 Resource of over head crane

Item list Description
Trolley self weight ( PH) 27.5(ton)
Main hoisting load ( P1) 40(ton)
Trolley wheel base ( W.B.) 4,600(mm)
Number of T/S wheel ( N) 4(ea.)
Trolley hook approach ( @) 2,150(mm)
Girder span ( L) 27,600(mm)
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Table 4 Range of design & state variables
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Table 5 Factors and levels

Level 1 | Level 2 | Level 3 | Level 4
tr 4 8 12 16
ty 6 10 14 16
thyp 6 10 14 16
thaown 2 6 10 14
[ 2.5 5 7.5 10
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D.V. Initial | Lower Upper
tyr(mm) 8 4 16
tv(mm) 8 4 16 Table 6 Result of initial over head crane model
Girder |thyp(mm) 8 4 16 Item List Description
thpown(mm) 8 2 16 Max, von-Mises stress (MPa) 88.27
trr(mm) 8 4 16 Max. displacement (mm) 13.66
S.V. Initial i Lower Upper Buckling strength (N) 202X Prox
0 max (MPa) - - 160 Ist natural frequency (Hz) 8.31
U may (MM) - - 345
poMN) - iLIX P - 52 MEIYQ Hojo X FHEHMA
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Table 7 Optimum result of thickness of plates

D.V. {Optimum S.V. Optimum
tvr | 6.79(mm)| Optimum von-Mises 109.92
tv | 6.76(mm) stress(MPa) )

Optimum
thye § 7.06(mm) buckling_strength 1.32X Poae
Optimum
thpown! 2.65(mm) displacement(mm) 20.14
Ist Natural
tre | 6.32(mm) frequency(Hz) 8.19

Objective function
15 % reduced

Volume
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Fig. 4 Level average graph of buckling strength
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Fig. 5 Level average graph of 1st natural frequency
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Table 8 Lis (4°)orthogonal array

1:::"{)?: tvr | tv | thue | thpown | trr (S’l\t,[r;;s) De(i;l:g;’on B“fgl)ing l;tr(;]lgl)l“cl;’al V(()'l:;)ne
1 1 1 1 1 1 150.15 27.45 0.36 X Doy 3.54 3.79¢9
2 1 2 2 2 2 140.18 16.13 0.51 X P rax 1.02 4.9¢9
3 1 3 3 3 3 139.87 13.58 0.51 % Prax 3.12 6.0e9
4 1 4 4 4 4 141.06 12.36 049X b rax 2.62 6.72¢9
S 2 1 2 3 4 96.65 12.98 1.85X Pray 6.95 5.30e9
6 2 2 1 4 3 85.32 11.99 118X P ax 8.12 5.67¢9
7 2 3 4 1 2 77.157 20411 10.506 % Py 7.3 6.03e9
8 2 4 3 2 1 109.09 12.87 042X P g 528 6.31e9
9 3 1 3 4 2 91.31 10.86 211X prag 6.91 6.19¢9
10 3 2 4 3 1 94.83 11.22 048X Py 8.51 6.48¢9
11 3 3 1 2 4 81.29 12.60 119X prax 8.52 6.16e9
12 3 4 2 1 3 78.29 19.44 0426 X poayi 74 6.36e9
13 4 1 4 2 3 98.11 12.5 3X Prax 7.72 6.36e9
14 4 2 3 1 4 80.84 19.8 0.75% D max 1.448 6.49¢9
15 4 3 2 4 1 88.74 10.17 0.463 X P 0 7.247¢9
16 4 4 1 3 2 76.02 10.97 1.28 X P ax 8.48 6.99¢9
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