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Optimal Design for Weight Reduction of Magnet
Over Head Crane by using Taguchi method

Do Kwan Hong‘, Seok Chang Choi”,

Chan Woo Ahn™"

ABSTRACT

In this study, the structural optimal design was applied to the girder of 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, reinforced and side plates. The weight could be reduced up to around 15% with constraints of its
deformation, stress 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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Fig. 1 Schematic diagram of over head crane
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Table 1 Mechanical properties of SS400, Rail 37A

Item list Description

SS 400
245 (MPa) (t<16)
7.959x10 ¢ ( kg/mm?)
2.0x10% (MPa)

0.3

Yield strength( 0,)

Density( o)
Elastic modulus(E)

Poisson's ratio( v)
Rail 37A(37 kg/m)
760 ~ 790 (MPa)
7.959x10 " © ( kg/mm?)

2.06x10° (MPa)
0.3

Yield strength( 0,)

Density( o)
Elastic modulus(E)

Poisson's ratio( v)

Table 2 Dimension of over head crane

Ttem list (Eﬁﬁlensriﬁg)
Girder span 27,600
Saddle span 10,788
Disane bcyen
Girder height 2,300
Girder width 1,350
Saddle height 800
Saddle width 750

Fig. 2 Loading and boundary condition of over head crane
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Table 3 Resource

Item list Description
Trolley self weight( 7. W.) 27.5 (ton)
Main hoisting load( H.L.) 40 (ton)
Trolley wheel base( W.B.) 4,600 (mm)
Number of T/S wheel( N) 4 (ea.)
Trolley hook approach( a) 2,150 (mm)
Girder span( L) 27,600 (mm)
0.20
0.15|
A o0}
0.05
%% 2 4 6 8

L/W.B.

Fig. 3 Wheel side force
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Table 4 Range of design & state variables
Design variable Initial Lower Upper

tyr(mm) 8 4 16

tv(mm) 8 4 16

Girder | thyp(mm) 8 4 16

thpown(mm) 8 2 16
trr(mm) 8 4 16
State variable Initial | Lower Upper

0 max (MPa) 160
umax(mm) 34.5
p cr (N) 1.1x l’

L tNpown

Fig. 4 Design variables of over head crane girder
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- Estimate a starting design x

0

- Set iteration counter k=0

el

- Calculate the gradient of f(x) as
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k) li< e

0Cmax< 0 al
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- Let the search direction at the

current point x* be qM=-c®
|

- Calculate a step size oy to

minimize f(x(k)+ @ dm)
I

- Update the design as x*"™=x""+ o "

- k=k+1
- Vary tyg, tv, thup, thpown. trr
— -
Q End )

Fig. 5 Flow chart of optimization algorithm
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Table 5 Result of analysis using array L 5( 4°)
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FHEFE FAO 2 sNulE HdgsE
AAREY 231, § FEdeME dsE4A 4
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Lg(4°) widg o] &3t 84 g Fasigion,
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Exp.| Stress Deflection | Buckling Volume 5 I 7
No. | (MPa) (mm) N) (x10° m’) %% g
1 150.15 27.45 0.36XPDmax 3.79 5.1 ﬁ’é}‘ﬂﬂll?_l E?IEQS’J SR A4
2 | 140.18 1613 | 0.51%ppar 49 ,\}qm,\% %z,j.—?.L% Sgel HAae) =
4 . . . max . - - s
B Ty S 52 o serarast AL el WA, T8 A1
6 | 8532 1199 1-1sxpm 567 A Beemmrt AT oA, Hurid Az} 24
7 77.16 20'41 0.51><pm 6.03 e A Al FgRolct A 2]
. . . "Dmax B . . . =
8 | 10909 | 1287 | 042pme | 631 2o W@ TR} HFAY AHE Table 7
9 9131 1086 21 %P 619 o YeRAT}. £, von-Mises SHEES} HY R
10 | 94383 1122 | 048%pne | 648 X g Fig. 6% Fig. 7°] YERHRAIL, Fig. 8’°* Hdl$
11| 8129 1260 | 119%pme | 6.16 ol WASE FEE vUehis, AE B 2 7]
12 78.29 19.44 0.43%Ppax 6.36 to] AR A art A= F AR
13 | 98.11 12.5 3% Pmas 6.36 oA LA
14 80.84 19.8 0.75%pmax 6.49
15 88.74 10.17 0-46Xpmax 7.25 Table 7 Result of initial over head crane model
16 76.02 10.97 1.28%pmax 6.99 Item List Description
Maximum von-Mises
Table 6 Factors and their levels stress(MPa) 88.27
. Level Maximum
De§lil; Level 1(Level 2{Level 3|Level 4 deflection(mm) 13.668
variables :
v 2 3 12 16 Buckling strength(N) 1.4759% D max
tv 6 10 14 16
thue 6 10 14 16
thpown 2 10 14
trF 2.5 5 7.5 10

Fig. 6 Stress distribution of an initial over head crane
model
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Fig. 7 Deflection distribution of an initial over head
crane model

Maximum stress

Fig. 8 Maximum stress of an initial over head crane
model
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Table 8 Optimum result of thickness of plates

Optimum | Optimum
design Value state Value
variables variables
tyr(mm) 6.79 von—Mise_s O oo 0.687
ty(mm) 6.76¢ |stress 1atio| o, :
th 7.06 | Buckling )
up(mia) strength —5‘2@‘ 0.833
thpown(mm) | 2.65 ratio max
deflection U o
wemm) | 632 | matio u, | 3%
Objective function
Volume | 15 % reduced

5

B HFHUEE 1.32% bpux NOB 221829
o} Zbzh 37 %7t G289, HHFE S
Aol A 2rivdyct o (5% a2
EHel AAV ¥88 At 248 A9t

Table 8ol A dA] t§ AW e
Ha g B #uE Jehggdes, dud
F e A A Fenae Agd At
22 1o} vl veEhyglen 1o e E
A AAE vEhL 2449 HH e v
walrd e SIS 0.55294 06872
Z7vslgan, dLgE 0369904 05848 F7MErY
o, w3 FFYE 0.745404 083132 1o} A
Z7tsle] BEHQ 4AV 988 ¢ 5 Ut
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Table 9 S/N ratio of the results

fap. | vonMises | M | Bk | ot
No. stress {m’}
Moy | () ™)
i -43,53 -28.77 -8.87 -191.57
2 -4293 -24.15 -5.85 -193.80
3 -42.91 -22.66 -5.85 ~195.56
4 -42.99 -21.84 -6.20 -196,55
5 -39.70 -22.27 5.34 -194.49
6 ~38.62 -21.58 1.44 -195.07
7 -371.75 -26.20 -5.92 -195.61
8 ~40.76 -22.19 -7.54 -196
9 -39.21 -20.72 6.49 -195.83
14 ~3G.54 -21 -6.38 ~196,23
11 -38.20 -22.01 1.51 -195.79
i2 -37.87 -258.77 -7.41 -196.07
13 -39.83 -21.94 9.54 -196.07
14 -38.15 -25.93 -2.50 -196.24
15 -38.96 -20.15 -6.69 -197.19
16 -37.62 -20.80 2.14 -196.78
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Table 10 Factors affecting the stress

Factor Effect Deviation PC
1 2 | 3| 4 (%)

tvr —43.1 | -39.21 | —38.71 |-38.64* 4.45 50.86
tv —40.57 | —-39.81 [-39.46*| —39.81 1.11 12.69
thup |-39.49%| —39.87 | —40.26 | —40.03 0.77 8.8
thpown|—39.33*| —40.43 | -39.94 | -39.95 1.1 12.57
trF —40.7 |-39.38*| —39.81 | ~39.76 1.32 15.08
Total 8.75 100

PC : percentage contribution, * : optimum level"!

Main Effects Plot for S/N Ratios
tr tv thup thdown

trf

Fig. 9 Illustration of factor effect for stress

Main Effects Plot for S/N Ratios
tvr tv thup thdown trf

Fig. 10 Mlustration of factor effect for deflection
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o] A FAEAQ Sl g HAvMT &
3}9} HA}(deviation) L 7] ] & (percentage contri-
bution)& YEMA AHolt}. €& £ o)<l 4 (10)9

m=tVR(1eﬁ)=Ti[ it 12t 25t 14l

(10

=4 1(-43.53)+(—42.93)
+(—42.91)+(—42.99)1
— —43.09
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