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2 o : LMTTE &3 A532 9% £3 o] /53lnE AAH METIe A3 ddo 727 ~uolE EE(stator module)
2 A9 PMLSM(Permanent Magnetic Linear Synchronous Motor)oll ¢]8] FEgth 2 APl 218 R 723t TA4H 2
27 TAIRAL o] gsle] o]FA e TERIFFLAZ FHAT B =RAME A 842 ek ndyd o]FH(mover)o} 7Tt HA

E gste] BE71Ee nelsta, dAMSEE JtEY, A2y, 8 Yo FARZ dAsigch eAd agdrdd dste P AHsE 4
fx 23l GENESISE ol&3te] Fallxd A9 vm, HESHTE

HAIBO| : LMTT, o 54|, 224, A4 EL, F2HH4A

Abstract : A LMTT (Linear Motor-based Transfer Technology) 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 using sequential sampling is utilized to find the optimum design of a 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 functions are set up as the stresses generated by four loading conditions. The optimum results obtained by the
suggested method are compared with those determined by the GENESIS.

Key words : LMTT, Mover, Kriging, Sequential sampling, Structural optimization
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Table 1 Design of experiments using latin hypercube design (LHD)

design variables responses(stress{MPa) and weight(kg))
No. / ; . loading condition #1 | loading condition #2 | loading condition #3 | loading condition #4 weight
! i ? stress #1 | stress #2 | stress #3 | stress #4 | stress #5 | stress #6 | stress #7 | stress #8 e
1 29.79 17.72 29.81 21.08 61.92 112.78 17468 38.07 36.77 21.30 135.95 3,947.4
2 819 2182 1887 237134 5953 99.15 164.03 3500 3B02 23411 123.20 2,334.7
3 1558 8.65 9.31 72.48 116.76 22555 342.28 74.33 7255 72.63 265.92 1,608.1
4 1352 16.52 21.39 91.81 7715 140.38 218.08 4770 47.18 91.51 168.96 2530.1
5 23.26 26.46 28.19 32.71 50.70 86.75 141.17 30.05 29.28 32.42 106.96 3,701.9
6 19.45 577 547 48.82 141.74 301.20 448.37 95.52 92.17 48,66 344.27 1,463.7
7 1264 9.59 22.66 106.61 103.45 22261 310.84 .47 70.83 107.13 25354 2,427
8 514 13.86 14.07 59873 99.80 184.05 285.13 62.56 62.78 592.20 220.10 1,544.6
9 2191 10.84 2713 3767 84.82 175.36 250.03 56.86 55.51 38.29 202.36 3,224.1
10 11.04 23.11 16.12 133.50 66.78 109.89 182.94 38.79 3857 131.87 137.20 2,178.9
11 16.36 1538 2502 64.28 76.02 14311 2717 4800 4723 64.47 170.28 29013
12 20.75 12.11 15,52 41.34 8792 161.83 251.01 54.31 52.68 42.04 194.05 2,374.2
13 26.74 753 12.61 2650 107.90 222.89 324.06 71.75 69.20 26.95 257.30 2,364.1
14 18.48 2447 731 51.40 61.97 96.97 175.66 34.20 33.22 49.46 123.62 1,950
15 7.30 21.29 856 298.96 78.62 121.23 210.35 4382 43.79 294.76 155.08 1,421.9
16 9.81 2965 2413 166.76 54.32 92.74 151.19 3249 32.47 16451 114.41 28248
17 21.66 21.84 11.14 24.78 60.90 98.76 173.69 34.34 32.86 2384 124.17 2,609.8
18 2540 19.25 19.22 28.36 64.02 108.69 17853 3753 36.22 28.20 134.31 30176
19 300 300 5.0 22.49 47.52 82.99 15547 27.40 26.15 19.49 101.78 24685
20 30.0 50 30.0 21.35 111.84 300.25 367.33 90.17 83.64 2224 321.21 3,696.8
4 9A: 2217 2 AF @tk Z, duAHAA A3 4 ()& 27 TAR
a9 mae A weNE sz FAY 2qza  TE IS He 2ol £AT 5 2ln
omz AA wddE F4 2AE et o)dT 2ARY
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13
t, <ttt <1l (13)
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Lerror == 10) 21 (13), & (1), 4 (12)¢] #AAstE s|As7] 93] EXCEL
¢ =l i
345 o] 9l= GRG(generalized reduced gradient) ¢35
o #gdrh
‘f,-—f,- X F7A dEg HAHEE Fig. 201 BAIEA
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f t
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Define the sample points . .,

(Latin hypercube sampling) i
]

| Construct the kriging'models of responses. |
]

[ Validate the kriging models using the index. ] or
o

«

h, J
Resample and reconstruct the kriging models of
responses. (Sequential sampling)
: Use another
] sample points.

No

v
[ Validate the kriging models using the index.
v

Are they acceptable?
Yes

A J
Solve the optimization formulation.
(GRG algorithm})

Fig. 2 Suggested design procedures
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Table 2 Kriging models for 1st stage
Tesponses Optimumn_parameters MAX [ Ave. error
B (2} (=23 O3
weight 2.2413| 0.0001| 0.0002 0.0003 6.8274 2.1847
stress #1 503.286] 9.2526) 0.0001 0.0002 5.7537 0.5429
stress #2 198.842| 0.0277| 2.3939 0.0229 3.9687 0.2527
stress #3 264.608| 0.08131 6.6562 0.0147 9.7469 0.0626
stress #4 426.584| 0.0772] 4.3983 0.0051| 10.3996 0.3341
stress #5 106.76| 0.0688| 4.0019 0.0014 6.6772 0.2359
stress #6 98.295| 0.0942| 4.0449 0.0022 6.0830 0.3165
stress #7 491.852| 9.5364| 0.0001 0.0002 5.8667 1.4747
stress #8 368.686; 0.0714| 4.1201 0.0012 7.3487 0.1811
Table 3 Kriging models for 3rd stage
I optimum parameters
responses MAX | Ave. error
¥ O, =23 (=5}
weight 5322} 0.0007| 0.0001 0.0356| 0.1088 0.0340
stress #1 564.217| 8.6545| 0.0001 0.0001 5.2498 0.3015
stress #2 186.832| 0.0329| 2.4357 0.0245| 22126 0.0635
stress #3 225.749| 0.1262| 7.7442 0.0236| 6.6937 0.3091
stress #4 362.616| 0.0980| 5.8117 0.0236; 6.0856 0.6176
stress #5 91.963 0.1076 4.1269 0.0028 5.5652 0.2948
stress #6 97.890| 0.1062{ 3.6978 0.0024| 5.1555 0.3760
stress #7 534.459| 9.1147| 0.0001 0.0001 5.2000 0.9199
stress #8 330.033| 0.1050| 4.0331 0.0025| 6.1879 0.2491

Table 4 Summary of optimization results

o design variables(mm) obj.
optimization method
t* fox t3* W' (kg)
kriging(1st iteration) 10.000 29.303 13.661 2,030.0
kriging(3rd iteration) 19542 29.704 6.5474 2,060.2
GENESIS 11.277 29.591 7.2902 1,705.4

Table 5 Maximum displacements and stress at optimum

GENESIS
Omax(MPa)
134.66
160.00
103.08
140.42

kriging

Omax(MPa)
142.64
160.00
44.83
106.48

LC.

Smax(mm)
7.40
848
0.59
114

Bmax(mm)
717
891
0.26
119

Sl W N =

Initial kriging model (ns=18
M?A)(q=10.40% )
|
A A
Sequential sampling (ns=19
‘ g MAX=1(f159A;( )

[
A J
Sequential sampling (ns=20
| VAR "0

Fig. 3 Sequential sampling
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