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Robust Optimization Design of Overhead Crane with Constraint
using the Characteristic Functions

Do Kwan Hong*, Seok Chang Choi and Chan Woo Ahn*

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 structural analysis, the buckling analysis and the table of
orthogonal array according to the original overhead crane's dimensional change. About the above two functions,
the effectiveness of design change according to the change of design parameters could be estimated. Also, the
overhead crane's weight is reduced up to 10.55 percent maintaining the structural stability according to the

thickness of plate.
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*Select orthogonal array table
*Select design factors and levels

 ——

*Perform structural analysis
*Perform buckling analysis

‘__I

«Calculate the characteristic function
*Perform analysis of means

*Change
experiment order

! *Select the optimum level of design level |

Fig. 1 Process of the application design optimization
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V, = M40 (P)+ IPHHIL M/ N,

= 23.11 ton

(a)

{b)
UX : Fixed
UY : Free
U7 . Fixed

(c)
UX : Free
UY : Fixed
UZ : Fixed

All Boundzr) Condition
RO Free
ROTY : Free
ROTYZ : Free

{a)
UX : Fixed
LY : Fixed
U7 ! Fixed

Fig. 2 Load and boundary condition of crane
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Table 1 Mechanical properties of SS400, Rail 37A

Material Rail 37A

Item list $5400 (37 kg/m)

Yield Strength(MPa) | 245(t<16) [ 760 ~ 790
Density(kg/m’) 7,959 8,010
Elastic Modulus(GPa) 204.08 210.2
Poisson's Ratio 0.3 0.3

Table 32 HAIHA A8HE F2AS
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Table 2 Dimension of crane

Item list Dimension(unit : mm)

Girder Span 27,600
Saddle Span 10,788
Trolley Wheel Base 4,600
Girder Height 2,300
Girder Width 1,350
Saddle Height 800

Saddle Width 750

Table 3 Load condition

Load Condition Value
(KS A1627 / JIS B8821 : Class IIl)
Wheel Reaction Force( R, ) 17.53 ton
Vertical Dynamic Load( V ;) 23.11 ton
Horizontal Load( H ;) 0.54 ton
Applied 3D Self Weight
gSr;}i)smic effect) : 1178 ms’

Table 4 Resource of crane
Item List Value

Trolley Self Weight( ZPH) 27.5 ton
Main Hoisting Load( P ) 40 ton
Trolley Wheel Base( Wp) 4,600 mm
Number of T/S Wheel( N) 4 ea.
Trolley Hook Approach( d ) 2,150 mm
Duty Load Coefficient( M ;) 1.1
Impact Load Coefficient( @) 1.4
Traversing Speed( V) 60 m/min
Acceleration of Gravity( g) 9.814 m/s”
Seismic Coefficient( @) 1.2

T2 5L EEF(trolley)$t #H Yol HFd=
FEolA wAse EwrE e A (11)E o] 83t F
31, FABINFT( V)2 2 (12)8 ©)£38t4 Table
5ol A8t ol T MFe EAALF( Q) 1.49 =
BAF(M H 1.1E& FE3tq F3¥ch. 28, E
E89 E3 #Yd HEAHE KS Al627(JIS
B8821) 1A WAl 7 dde} FF A 733
I g AE2YHA s50mmst HY fHe Zgl
46.82 mme F¢ 2,341 mm’e.2 P £IFF)
Fo HERAELE VE BE¥IES EEYY 29
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Aol FEE AFHe S

_ ZPH . 2xPx(Wg—a)
Romx =N WaN , an
v, = Md{(@XP,,;V+2PH+HL} (12)
8=10.008Y Vg 13)
Table 5 Duty load coefficient and impact load
coefficient
Group of
Crane I o m I
Coefficient
Impact Load( @) 1.1 125 14 1.6
Duty Load( M ) 1.0 105 11 12

2 (14)9) FHIF(H HoRE AL 9
olF, FH, dY B AT T4 73Sl wet
A7l B89E A8 en &%k Fud 7
Al AgsrE e pE Hesidn. pE Add
o #HolF R FY A Agde AF2 A (13)3
2o AYEEI EELY A5 Fo pillE & 5
HatE 054tonE A (12)o] HY3te] FH3Fol
245 $2531F 23.11 ton(226,802 N)oll EE2] 9
23 Hdo) AEF3e WHE UE BRIFTE 2
7 Hgo] HEste doll A&

£ FHIFOEE oY HiHEFT Fol
Jovt B d7e] Rl Ao AA=HE 3AE
ol E F#Ae]7]) Wi vigstEel 9% 9%
< 3Bk wenh 28, 4 as)elAst Zol A
Atz g 12 FH7MEEA AJAF(6)
g w3t Zddol Fg3e A2 HEEAT

=]
=

=

H,= SPHxP <8 (14)

G=gx® (15)
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FEBT( 0,:245 MPa)oll HAE(S) 158 18
o Hrjl 163.3 MPa7hx] Az 443G =
g Agxddd HEdd( )= Adde F Hel
(span: 27,600 mm) Aol 1/800%) 34.5mmE 473
ik, aean Aexd HEFFIAF(p e
7S B8g21 WA HEAY Ae FEHZ o
8 ZRIAFASFE FEM H 02 148 #8389
ot F2EY ¢tdy T8 nestd Augese
o bHE(S, 28 MAFAG. ZE HExHE
Table 74} e $ATh

Table 6 Safety Ratio

Safety Ratio
Load State Yield Point > Tensile Strength
A 1.5 1.8
B 1.3 1.6
C 1.15 1.4

Table 7 Allowable condition

Allowable condition Value
Allowable Stress( 0,,< 0,/5)) 163.3 MPa
Allowable Deflection( 2,,< Span/800)| 34375 mm
Allowable 1st Buckling Strength

2)( pmax

(P22 D yay *S)

Fig. 32 7t} Qg9 A5 #5428
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+ 3E 2A3H

U
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Fig. 3 Design variables of girder and saddle
4. o} 9 3
41 ZDojEE @ o[B8 Ficle] HHHH

Table 8 Analysis result according to orthogonal array

L 18 (2 ! %3 7)
Exp. Maximum Maximltlm lstl Weight
No. Stress  Deflection Buckling (ton)
{MPa) {mm)  Coefficient
1 272.892 46.090 1.101 28.520
2 267.276 36.946 1.213 33.704
3 264.057 31.369 1.224 38.887
4 192.933 36.789 1.231 32.886
5 192.357 32.890 2.937 36.847
6 179.613 35.386 3264 37.145
7 158.911 37.905 1.249 33.937
g 149.076 33.183 3170 37.136
9 178.610 29.606 2.705 41.571
10 279.572 37.952 1.140 31.523
i1 264.664 39.999 1.237 33.331
12 257.374 35214 1.249 36.257
13 191.819 35.052 1.264 33.349
14 190.802 37.682 2779 34.409
15 186.086 32.420 3.203 39.118
16 190.711 35.732 1.287 34.655
17 171.410 30.872 3.264 38.328
18 141.250 33.147 4.997 39.661

Table 8& EFATU LI Lg2'x3) & o] &84
AgEAel gy TN 294 @ A
E Ve Ao R 7 FE5e] v wE
A 5oHd, Aus, 3245 2 add9 F
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Table 9 Factor and level

LevelF actor tw t thy thiowm Str Sthy Sthaown
4 4 4 6
6 6 6
8§ 8 8 10 10 10

4.2 Hgtx= 22X E et SMET

Table 10 Characteristic function and S/N ratio

Exp. Characteristic .
NcI)D. function SN ratio
1 2.501 -7.96227
2 2.139 -6.60422
3 2.153 -6.66088
4 1.420 -3.04577
5 1.129 -1.05388
6 1.045 -0.38233
7 1.194 -1.54009
8 0.869 1.21960
9 1.113 -0.92990
10 2.283 -7.17012
11 2.179 -6.76514
12 2.034 -6.16702
13 1.350 -2.60668
14 1.150 -1.21396
15 1.125 -1.02305
16 1.375 -2.76605
17 0.971 0.25562
18 0.928 0.64904
AgzHel Y EAldA FaudEY A&
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o3 Aol AL HAT P2 {84 B

165

T F UEE FriFHA Y FAgdo] aFHr)

Table 102 Table 89] AHHAE wlF L= A=}
of q& & dSAA AFEHL st 4
Ao ARE YER Rl o] AH=2
o] &3t PFIIEARX ) g AF=RA
Ao HAAHeEE AR

TECE

i

43 HME3 g ele| x| MA

Table 11 54X ARE F2EARY
Foll g Qxe) A9} HA}(deviation) E
{percentage contribution)& YEM Zeojt}. ¢
o] elx} 4,9 15 AdE 1, 2, 3, 10, 11, 12
FEE S AAHFOZHEY I AA
ol 93 Ao HAR HriEg. e wyge
2 BE JQAS 5 2 535 ALE ¢ doh

N,
£ ox

ot
4y S o o o

E}

rE“m

Table 11 Factors affecting the characteristic function

Factor Effect
1 2 3
t,, 2.2148 1.2032 1.0750*
t, 1.6872 1.4062 1.3997*
th,, 1.5515 1.4623* 1.4792
1 g 1.4995 1.4937* 1.4998
st, 1.4617* 1.5055 1.5258
sth,, 1.5503 1.4595% 1.4832
Sthgpe | 14725% 1.5335 1.4870
* : Optimum level
ter t, thy  thaws 8y sthy,  sthyoun
- 2.20F
g 195
g L70F
% 145 \\_ P R R Ca
B 120} k

i 2 351 2 31 2 31 2 31 2 31 3 31 2 3

Fig. 4 Illustration of factor effect for the characteristic
function
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B3A 7¥s 8 Reldh 4 dxE £5859 &
#$& vlusly HHFFES 2HE L399, 103
TE), theRTE), hiom2TT), stl1FT), sthy(25
), stham(15F)0) ™ Table 119] *BA 2 VeR)Y
o BEdAd 27 22 e FRgMH FE
o] gt AIE A RuE R 245 PJEUYH
A HHe d9Adst S48 Y PN
AFES Table 12 st Jepific. AaE
EARY 94, 27 2g Zxe A5y J
g ddden 34593 s8uHY ME
o "M &4 velgo a8 14 FRFEA
o] A4 &g FRAZASFA v 2A Ve
gon %9 A9 ¢ 273l E Ua HEH
A7y Ho] &S 99 F Qo £ ALY
F 8 18 439 A5 BE JEXNE UFYe
] Z+z} 37.14, 39.66 on 2B ¥ 10.55, 4.48 %2 4
23l ®@ 292 Ik uadA Awuidgel 93
PHAE] Y s Aol HHsz g
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A Afe #8429, 89y aYn H4 14 2
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o] 4003ton2 2 % 631% %3 9 AAE =2
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Table 12 Results of initial model & optimum model

Magnet overhead crane
Optimum
ftem list | Initial | ANOM |Orthogonal| Allowable
Model| Result | Array Value
Result
Maximum
stress(MPa) 144381 162.76 | 149.08 163.3
Maximum
deflection(mm) 28.12 1 31.66 33.18 34.5
Ist Buckling | (.0} 555 | 347 2
coefficient
Weight{ton) 41.52 | 40.03 37.14 -
Weight
Reduction(%) 10.55

el A HA Z3s vaEEE A iR
A% FP AP AF At 54T Ui o
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Fig. 5 Stress distribution of the optimum model
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Fig. 6 Deflection distribution of the optimum mr
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Fig. 7 Maximum stress distribution of the optimum
model
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Fig. 8 1Ist buckling mode of the optimum model
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