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Abstract

This paper is concemed with optimal design of a linear DC motor which is spreading fast in OA and FA
systemns due to simplicity in structure, high-speed operation and high-precision positioning. The approach is
based on the statistic method In this study, firstly, we determine factors that affect significantly the
objective function using 2-level factorial design. And then, the Response Surface Methodology was applied to
optimize these factors. Through this application, design factors could be optimized within a short term and
low experimental cost.
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Table 1. 2* Factorial Design Matrix and the
Result of Experiment

Run Factor Object function

No. Al B C D | Fmean[N] | Fripple[N]
1 -1 -1 ] -1][ -1 7690 1.252
2 1 -1 ] -1 ] -1 3802 1.100
3 -1 1 -1 -1 11.427 1.778
4 1 1 -1 | -1 13.086 1.716
5 -1 | -1 1 -1 9,056 1.430
6 1 -1 1 -1 10412 1.240
7 -1 1 1 -1 13.453 2.067
8 1 1 1 -1 15496 2023
9 -1 -1 ] -1 1 12.751 1.972
10 1 ~1 | -1 1 14.562 1.839
11 -1 1 -1 1 18.984 2.865
12 1 1 -1 1 21.766 2910
13 -1 ] -1 1 1 15.441 2.361
14 1 -1 1 1 17.701 2271
15 -1 1 1 1 23.000 3.440
16 1 1 1 1 26.745 3.558
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Table 2. ANOVA Table - Average thrust
A | AFY |ARE | H#AR| Fat | Faz A LA
A V1750 | 1 | 175770 | 251795 | < 00001 4. 20X+ 18
B | 11286 | 1 [ 14128 [20238% | < 0.0001
C | 3090623 | 1 | 3090623 | 442.7250 | < 0.0001 B =RdAe ARGy 498 BHL 259
D _| Z660% | 1 | 2660 | 30788 | < 00001 AAE AAESE olgste] 24 o mye) 33
AB [ossnz | 1 | ossuz [ 1219216 00174 Ao s o2 Sla WO FHEA Eala o
AC | 0260021 | 1 | 0260021 | 37247 [ 01115 N j"mq}' L]E et "}°£t5':1“ :::ﬂ Li
AD 1.224968 1 1.2249658 1754729 0.0086 ‘i’l’ o= 7}‘% éa] /\}%—5_]011]37_ ,\1’1:.‘ ‘G‘nz&o =]
BC | 13377 1 | 137 | 10172 | ooom & o83t HEAYL FYsiAtk & 49 FNY
BD | 985302 | 1 [ 9825392 | 1407469 | < 0.0001 HAA RS AFE ek
CD {34333 | 1 | 34333 [ 4918188 | 00000
E [0300230] 5 10068246 H 4 MM 3NE 2 M3 20
Table 4. Central Composite Design Matrix and
P 3. BAISME - g= 2y the Result of Experiment
Table 3. ANOVA Table - Thrust ripple Run Factor Obiject function
Az | Mg |xe=|m9z42] Fgr | Faz No | A| B| C| D | Fmean[N] | Fripple[N]
A |0015563| 1 | 0015563 | 1975622 | 0.0067 S M e e e - L7
B 205987 | 1 | 2950687 | 3757.069 | < 0.0001 2 |11 -t)-1] 13069 164
C (03631 1 | 054368 | 6900361 | < 0.0001 3 1)1 {-14-1 14811 21%
D | 464511 1 4642511 | 589347 | < 0.0001 4 1 L ]-1]-1 15.802 2.089
AB (002494 | 1 | 0024944 | 3166517 | 00025 5 | -1 10 1] -1 13am 19%
AC 0000705 1 | 0000705 | 0896171 | 03375 6 111 ]-1] 141 1808
AD | 0008823 1 0.008823 | 1119987 | 0.0004 7 -1 1 1| -1 16034 2359
BC (0028092 1 0.028092 | 3566131 | 0.0019 8 111 1] -1 17.193 2243
BD [019%18] 1 | 0197518 | 250.7411 | < 0.0001 9 lalal a1 15538 2500
E {0003996] 5 | 000079 10 [ 1 ]-1]-1]1] 16604 2214
1 (-1|1({-1}1 18887 2780
5000 | — 12 (1)1 [-1]1 20254 2709
4000 - v 13 -1 ] -1 1 1 16.920 2488
000 | M1 |-1]1]1 18144 2428
200 5 -1 1 [1]1 20563 3019
10004 s | 11011 2072 2,980
g any N il . 5o - 7|20 olo 15416 2.367
8] 2(o0ofo]o 17854 2316
9 io]2l0fo 13849 1913
% ol 2]0]0] 204 2854
2210]0]-2]0 15243 2.143
0m | 2lojo|l2]o0 18256 2501
A B c D AB AC AD BC BD €D 23 0 0 0 F2 121% 1632
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Fig. 2. Effects of design factors
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