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Abstract

The design of experiment(DOE) is getting more attention in the engineering community since it is easy to
understand and apply. Recently, engineering designers are adopting DOE with orthogonal arrays when they
want to design products in a discrete design space. In this research, a design flow with orthogonal arrays is
defined for structural design according to the general DOE. The design problem is defined as a general
structural optimization problem. Sensitivity information is evaluated by the analysis of variance(ANOVA),
and an optimum design is determined from analysis of means(ANOM). Interactions between design variables
are investigated to achieve additivity which should be valid in DOE. When strong interactions exit, a method
is proposed. Some methods to consider the problem are suggested.
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Table 1 Factors and their levels ( X 10*m?)
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1 6452 6452 6452 6452 6.452 B2l } »E —}%‘_L F 5=k 4 _} =l oi 2 _H-.’]
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Table 2 Experiment layout using array L4
1G
Expt. Column Number and Factor Assigned Results
N 1 2 3 4 5 6 7 8
o. 1 (Hz) . S e
e A B E G I e E PO
1 1 1 1 1 1 1 1 1 15.1791 . )
2 1 1 2 2 2 2 2 2 5.9394 R
3 1 1 3 3 3 3 3 3 4.3649 . . 13
4 L2 1 1 2 2 33 181086 Fig. 3 A standard linear graph of L,,(3%)
5 1 2 2 2 3 3 1 1 14.3798 )
6 1 2 3 3 1 1 2 2 6.3710 Table 4 Experiment layout using array L,,
7 1 3 1 2 1 3 2 3 6.8829 Exot Column Number and Factor Assigned o
8 1 3 2 3 2 1 3 1] 135634 w5 3 56 7 8 910 U 1213
9 P33 13 2 1 2 19.6754 E A EA EA' G EGEG* AG ¢ B AG' 1 E
% (2 1 1 3 3 2 2 1 5.6706 Tl 1 1 1 1 1. 1 1 11 1 1 1] 159
n 2 1t 2 1 1 3 3 2 4.9093 2 v 202 2 2 22 02 2 2 6.9308
12 2 3 2 2 1 1 3 5.7910 3 Jrt 1 1 3 3 3 3 33 3 3 3 5.1391
13 |2 2 1 2 3 1 3 2| 152216 afr2 2 2 11 1 2 22 3 3 3| 71881
4 l2 2 2 3 1 2 1 3 6.6922 s Ji2 2 2 2 2 2 3 33 1 1 1| 139615
15 |2 2 3 + 2 3 2 11 nso e f12 2 2 3 3 3 1 11 o2 2 2| 1718
16 2 3 1 3 2 3 1 2} 117610 {13 3 3 11 1 3 33 2 2 2| 74134
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Table 3 Analysis of  (Hz) 221 2 3 31 2z 3 12 3 1 2| 669
Level Means Degrees Blz2 3 1 1 2 3 2 31 3 1 2| wax
No“fmb" Factor of | Sumof “l22 3 1 23 1 3 12 1 2 3| 15171
row 1 2 3 | Frecdom | SqUares sl22 3 1 31 2 1 23 2 3 1| 13384
T | error | 11.3850 | 10.0518 1 79979 623 1 2 1 2 3 3 12 2 3 1] 64703
2 A | 69757 | 123972 | 127822 2 [126.5106 23 12 23 1 1 23 3 1 2] 1209
3 B 121373} 105999 | 94179 | 2 | 223117 B23 1 2 03 1 2 2 31 1 2 3] 16335
4 E [152663] 91516 | 21372 | 2 |192.1537 wis b3 o2 132 132 ; 302y a0ul
5 G | 77883 | 111289 [ 132379 | 2 | 906137 2‘1’ e § ; ; § s b 22;3;
6 1 123736 104635 | 93180 { 2 | 285941 ;2 2 ; f r s s 2l i
7 | error {12.2464| 9.7649 | 10.1438 2 21.4448 :
8 | error | 11.1830| 10.6463 | 103258 2 22510 B2 13 21 3 3 2113 2} 10762
: : : : 321 3 3 2 1 1 32 2 1 3| s
sl 33 2 1 13 2 3 20 2 1 3] Boms
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Table 5 Analysis of n (Hz)

Number Level Means Degrees of| Sum of
of row Factor 1 2 3 Freedom | Squares
1 G 7.4497 | 12.9013 | 13.8005 2 212.5862
2 A ] 6.4869 | 13.1456 | 14,5191 2 332.2238
3 GA | 11.8534{ 11.7420 { 10.5561 2 9.3048
4 GA? |16.3660( 8.9989 | 8.7866 2 335.3043
5 B [14.2676] 10.3090 | 9.5749 2 114.6943
6 GB |11.6863| 11.1824 | 11.2827 2 1.2808
7 GB! |10.4970| 11.6764 | 11.9781 2 11.0275
8 AB 110.5639| 11.7633 [ 11.8242 2 9.0920
9 error [10.8213{ 11.3723 | 11.9579 2 5.8157
10 E |15.2380] 9.9694 | 8.9440 2 205.2689
11 AB? [11.6463| 11.1091 { 11.3961 2 1.3009
12 1 11403560 106838 | 9.4321 2 101.9786
13 error |10.8731| 11.4961 | 11.7823 2 3.8904
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Table 6 2-way table to estimate GX A (Hz)

Level of factor G
Gl G2 G3
Level of Al 8.0045 5.7652 5.6909
A2 7.1846 18.8175 13.4346
factor A
A3 7.1600 14.1211 22.2761
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Table 7 Factors and their levels ( X 10*m?)
Factors
Level A B C D E
1 3.00 8.00 10.10 10.00 6.00
2 17.00 17.00 11.00 25.00 18.00
3 30.00 2600  20.00 40.00 30.00
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Table 8 Experiment layout using array L

Expt. Column Number and Factor Assigned Results
No. 1 2 3 4 5 6 7 8 n (Hz)
e A B C D E e e
1 1 1 1 1 1 1 1 1 34.40398
2 1 1 2 2 2 2 2 2 34.80376
3 1 1 3 3 3 3 3 3 31.75859
4 1 2 1 1 2 2 3 3 38.07272
5 1 2 2 2 3 3 1 1 40.39151

6 1 2 3 3 1 1 2 2 29.83928
7 1 3 1 2 1 3 2 3 41.13371
8 1 3 2 3 2 1 3 1 32.97368
9 1 3 3 1 3 2 1 2 42.08462
10 2 1 1 3 3 2 2 1 27.82737
11 2 1 2 1 1 3 3 2 28.18135
12 2 1 3 2 2 1 1 3 39.06658
13 2 2 1 2 3 1 3 2 31.56198
14 2 2 2 3 1 2 1 3 34.98063
15 2 2 3 1 2 3 2 1 42.04833
16 2 3 1 3 2 3 1 2 36.60479
17 2 3 2 ! 3 1 2 3 36.44593
18 2 3 3 2 1 2 3 1 37.88146
Table 9 Analysis of n (Hz)
Number Level Means Degrees | ¢ = of
of row Factor of Squares
1 2 3 Freedom

1 error | 36.1624 | 34.9554 1 6.5563
2 A 32.6736 | 36.1491 | 37.8540 2 83.6452
3 B 34.9341 | 34.6295 | 37.1131 2 22.0193
4 C 36.8728 | 37.4732 | 32.3307 2 94,8716
5 D 34.4034 | 37.2616 | 35.0117 2 27.2039
6 E 34.0486 | 35.9418 | 36.6864 2 22.1933
7 error | 37.9220 | 35.3497 | 33.4049 2 61.6051
8 error | 35.9211 | 33.8460 | 36.9100 2 29.3397
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Fig. 5 A standard linear graph for L,,(3")

Table 10 Analysis of n (Hz)

Number Level Means Degrees Sum of
of row Factor of Squares
1 2 3 Freedom
1 A | 32.1708 | 37.3417 | 37.1169 2 153.7586
2 E | 35.8885 | 35.2282 | 35.5128 2 1.9740
3,4 AXE 4 125.7035
5 D | 339714 | 36.7381 | 35.9199 2 36.3627
6,7 AXD 4 3.3838
8 B | 33.3263 | 36.0655 | 37.2377 2 72.5306
9,10 | AXB 4 1.9863
11 C | 37.2954 | 35.3867 | 33.9474 2 50.7720
12,13 | AXC 4 0.7570
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Table 11 2-way table to estimate AX E (Hz)

Level of factor A
Al A2 A3
Level of El 36.4251  36.4902 34,7501
factor E E2 31.2400 37.2814 37.1633
E3 28.8474  38.2535 39.4374

Table 12 The optimum Level

Factor A B C D E |Resultsn (Hz)
opt Full factorial | 3 3 P33 43.315
Level L 3 3 2 2 3 42.806
L, 3 3 1 2 3 43.140
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