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Structural Optimization for LMTT-Mover Using Sequential
Kriging Based Approximation Model

Hyung Wook Park, Dong Seop Han, Kwon Hee Lee and Geun Jo Han

¥:} o} : LMTT(Linear Motor-based Transfer Technology)e ¥%t ZA53E A% 3 o4 Al2deln, HE7F(shuttle car)
9t ATz fde 2FE 2dolE R E(stator module)Z T ¥ PMLSM(Permanent Magnetic Linear Synchronous Motor)
d o3 FEEth B =FdAE LMTTAAHAA AHooY $£3tg @B3ss AEIshuttle car)® TS £EA olEA
(mover)8] ZA#3S st ATWLE 2 27 PHL o] &3t FHMAEZ PP AANF2E 42y, A2y, Y9
FAE AFzY F52E dALe] 1Y $8L ¥ EF LAY BAISFEE SRS AAINATE B T4 AA
d dWyez 3@ HAANE =Ze7 WAE(Krging interpolation)eZ €223 DACE(Design and Analysis of Computer
Experiments) 24L& A A(Exce)2 $£438t1 F8.o1, GENESISE ol#3lo 9izt=r|wt AHHAZ Fd FAHg vja &
AEFHA.

#4380 : DACE, W2 g, &€ golnfy, 324, 33

ABSTRACT : LMTT (Linear Motor-based Transfer Techn-ology) is a horizontal transfer system for the yard automation.
This system is based on PMLSM (Permanent Magnetic Linear Synchronous Motor) that consists of stator modules on the rail
and shuttle car. In this research, the kriging interpolation method with sequential sampling find the optimum design of mover
in LMTT. The design variables are considered as the transverse, longitudinal and wheel beam’s thicknesses. The objective
function is set up as weight, while the constant function are set up as the stresses generated by four loading conditions. The
objective function is set up as weight. The optimum results obtained by the suggested method are compared with those by the
GENESIS.

KEY WORDS : DACE(Design and Analysis of Computer Experiments), Surrogate model, Latin hypercube, Kriging,
Optimization
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Fig. 1 A structure of LMTT
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Table 1 Points of each sample for the all kriging model

(b) Finite element model

Fig. 2 A mover for shuttle car
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D. V. (0-1) Stress(MPa) and weight(kg)

No. x1 X2 x3 L.C#l L.C#2 L.C4#3 L.C#4 L.C#5 L.C#6 L.C#7 L.C#8 | weight
1 0.1725 0.2366 03295 | 68034 | 81.638 |142.0271|230.9503 | 82.7838 | 48.6252 | 123.9127 | 173.9037 | 2.1669
2 0.017 0.5971 0.1755 | 90.9306 | 65.8829 | 104.6339 | 181.3126 | 149.215 | 37.1575 | 99.744 [132.7032| 1.9373
3 0.9155 0.8649 | 0.7579 32243 | 429375 | 71.9579 | 122.7442 | 17.0136 | 24.8449 | 65.8827 | 89.6592 | 4.0332
4 0.2373 0.4458 0.0188 | 72.9082 | 69.9757 | 1115756 | 197.7021 | 66.688 | 39.1295 | 102.1378 | 141.2642 | 1.8493
5 0.3378 0.7325 06205 | 49.3587 | 52.0448 | 86.6954 |146.3839 ! 49.9088 | 30.2034 | 80.6213 | 108.0882 | 3.0909
6 0.8211 0.1744 | 09277 | 325352 | 70.457 | 1326366 |203.0023 [ 20.1942 | 44.0688 | 108.177 | 158.1106 | 3.8300
7 0.3192 02878 | 09697 | 436076 | 69.2094 [129.0988 | 199.6714 | 53.6506 | 43.2616 |109.7702 | 154.3041 | 3.3957
8 0.6107 0.9271 0.7039 | 38.8597 | 43.4827 | 72.398 | 1235955 | 27.5288 | 25.1411 | 67.6197 | 90.3924 | 3.637L
9 0.0914 07976 | 03764 | 72.0527 | 54.9529 | 88.8579 | 152.4981 | 108.1058 | 31.3753 | 85.4963 | 112.004 | 2.4541
10 0.9911 0.3592 0.4564 | 35.0656 | 62.3029 | 106.0563 | 178.0112 | 157241 | 36.249 | 90.6623 | 131.0889 | 3.3573
11 0.7862 0.4928 | 0.0883 | 44.5339 | 59.4049 | 985168 | 175.8383 | 20.8879 | 33.7178 | 86.5478 | 122.949%6 | 2.6034
12 0.4929 0.9989 04867 | 456949 | 434715 | 71.1738 | 1236554 | 345612 | 24.854 | 67.644 | 89.4398 [ 3.1919
13 0.6913 0.1322 02182 | 459192 | 81.7257 | 144.6897 | 236.9077 | 24.8939 | 48.7298 | 119.2814 | 1759815 | 2.5128
14 0.442 0.654 08348 | 41.7224 | 52.3705 | 89.4991 | 148.0556 | 39.1107 | 30.8866 | 81.3011 [1105215| 3.5125
15 0.5617 0.0275 0563 | 435488 | 885839 | 173.2691 | 259.6353 | 31.7367 | 56.8286 | 137.9977 | 203.7065 | 2.8691
16 1 0.4434 0.96 295159 | 55.3623 | 96.9691 | 157.0578 | 15.4884 | 32.9861 | 83.3468 | 118.711 | 4.2281
17 0.5772 0.1496 0.593 424612 | 77.6246 | 142.7001 | 225.343 | 305414 | 47.7748 [ 1175719 171.402 | 3.0009
18 0.0001 0.0475 | 02179 | 92.8316 | 107.9924 | 202.2378 | 311.7716 | 166.4271 | 67.5573 | 171.2452 | 241.1579 | 1.6907
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1st [toration of design process

Sample points 15 14, =17.5043%

2nd iteration of deslian process

{oug)
Sample points 16 : 5., = 103711%
l 3rd teration of desian process

Sample points 17 : £, = 8.641%

4th iteration of design process

Sample polnts 18 : 5, ~ 3.9566%

Fig. 3 Addition of sample points
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Choose the iatin hypercube samples
1. Dotermination of casos
2. Assignment of thelr points

[Conduct the experiments |

l Construction the kriging models for reaponsos |

[alidate each kriging modei |

[ solve the optimization problem with kriging modals ]

{ ]

No

& <3
Yeos

Fig. 4 Flowchart for the suggested design process
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AARS 71 30|22 2] 3)9] AAWETY 3§t
Tk L A3 AlelolA BEHESO] ME MY
o] Yojux] YEE HAAZE HusA = &
YdAYE FA EE THE 15 FEIH TEA
< AAAA.

S AAFNRL Ak v B A WX 155

o] 7t AEe JFoRs] FHaL HHS S

£ Zolth, B AFqME F3as L sl
GENESIS(VMA, 1998)E o]-&3}3t}.

A3 wrEAe Fa g g s9 sFzA0

@ g9 227 2ol g 4 9 f D 4
®ZRE 73 6(i=1,2,3), 10712 o] FEZ A
T3 2AMR A AARde] oxgk F Hoex}t
2 emn @S Table 2] EA|SFY T
Table 2 Kriging models for 1st iteration

Nt
olf

M

Optimum parameters Max. error
o1 02 03 £ (%)
Weight 2.3692 { 0.0019 | 0.0003 | 0.0006 0.0252
Sress(#1) 62.474 | 2.1650 | 0.0003 | 0.3343 [ 11.3503
Sress(#2) 85.591 | 0.0603 [0.5283| 0.1875| 14.9784
Sresss(#3) 125.86 | 0.1378 | 3.6367 | 0.0008 6.9704
Sress(#4) 243.4110.042310.8000) 0.1808 [ 13.9650
Sress(#5) 117.31 | 5.9163 | 0.0008 | 0.0001 1.9639
Sress(#6) 48.81710.03690.7881 | 0.2464 | 17.5048
Sress(#7) 174.12 1 0.1570 | 0.7221 | 0.0003 6.5191
Sress(#8) 178.5310.0323 {0.7622 | 0.2220 |  16.6472

Table 29] QAEZEE 48719 7|5 & WFA7]A]
3oz A A HEAA 327 299 ¥
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Ao ERAEE e dl o83ttt
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Fassds A0E ugoeR AR XEFHS
Z7tsle) 387 ZARDS A%

Al EIRANN FR 2EE FAsI A
(10122 32 3% 27 FZsc [1*
*]"={10.000 32305 10.000]"9] & Few oy
FFL 1,7933.2kg 02 dESHU

4 SANAN AAF 71FE WFER] Eem=
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B A4zt srERRA A FEAL A} wHE
HA 7 &7 Table 19] EASHGTE 22ja BE2AHS
F71% 487 2L 950 H¥eA AL vE
o #3354, $8 2 FHE A&
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vl WA WHEI A A 287 2l it B4
p 2 A @ZFE T A3 06=1,23), 1071
e FEHNA T3 ZAIRA A5t o
22t & A X e S Table 30 EAIF}
ok o= 2 (10)(12)2 BEAHE HAgE 5
L=

Responses B

do 2 ¢Ir
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Table 3 Kriging models for 4th iteration

Optimum parameters Max. error
B o1 02 03 £ (%)
Weight 1.5094 | 0.0002 | 0.0008 | 0.0024 0.1079
Sress(#1) 82.9712.9816 | 0.0003 | 0.0671 2.8366
Sress(#2) 120.93 [ 0.1497 | 1.4221 | 0.0307 1.7961
Sress(#3) 330.93 1 0.0827 | 0.9230 [ 0.0235 2.4935
Sresss(#4) 311.60 { 0.1257 | 1.8868 | 0.0619 3.9566
Sress(#5) 104.52 | 6.1349 ] 0.0038 | 0.0001 2.1344
Sress(#6) 96.658 1 0.1053 | 1.0753 | 0.0208 1.3000
Sress(#7) 224.6510.1534 | 1.1300 | 0.0283 1.6760
Sress(#8) 343.10/0.1039 | 1.0726 | 0.0252 1.4910

Responses

v WA RHEAA Q] Q3= Table 3014 BE
o], o]FA FRAATANAY FAE v Ao
Qatolil, 4 GACA HAAG 7ES UEAVIER
ul HA gAldA AARARE FE3

ol wAllMe FHAHsNE [n* £* £*'=[10.000
31.280 10.000]'2X, THE 1,767.0kg 22 AZSHY
t}. o] & 73 FEessde £y A A
F21E BT UEATE 2HE 4T

B A7dA AAg AAEY 7848 ASst
7] 918iA, HAEA BAIAE 718 FRHHLAAY]
Hell o3k Adtel vlwaigict. 7|&9 F2H A
718 GENESIS(VMA, 1998)c] WA=o] gl vy
o|t] o] AIE Table 40| FEA|SIT}

T oW BT Hs ARE Fioon,
GENESISE#-E 42 HHsle FFo| 4N 55 ¢
F Yoy FA Aot} ol YA MRS d
Ards SAIRDR X AA HANE T
gFol o]= Axol A YT £yt gltk

Table 4 Summary of optimization results

Design variables(mm) Obj.
Opt. methods L* o* t3* W'(kg)
Kriging(lst iteration) | 10.000 | 32.305| 10.000 1793.
Kriging(4th iteration) [ 10.000 |31.280| 10.000 1767.
GENESIS 11.368 | 30.017| 10.000 1805.
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