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Abstract

Use of computers in design is a trend in recent years. Mechanism design also uses computers

extensively and the concept of optimal mechanism design is developed in many ways. Various

authors presented methods based on sensitivity analysis but in these cases, the governing equation

of the mechanism has to be derived and calculations become very complicated.In this papers, a

method based on the least experimental plan is presented. To make a model of a mechanism, a

general purpose mechanism analysis program is used. To obtain an optimal design of a mecha-

nism, the relationship between design variables and the objective function is represented as the

nonlinear equation. Optimal design variables are found by solving this derived equation and its

result is verified. An example is presented to show the effectiveness of this method.
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Fig. 2 Interaction figure

Table 1 Table L 9 orthogonal arrary

ol &% 717 AAHAA

Number |Variable|Variable|Variable[ Error |Objective
of
experimentf A B C E function
1 0 0
2 0 1 1 1
3 0 2 2 2
4 1 0 2 1
5 1 1 0 2
6 1 2 1 0
7 2 0 1 2
8 2 1 2 0
9 2 2 0 1
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Table 2 Table L 8 orthogonal arrary

Number |Variable|Variable{Variable| Error |Objective
of
experimenf A B C E function
1 0 0 0 0
2 0 0 1 1
3 0 1 0 1
4 0 1 1 0
5 1 0 0 0
6 1 0 1 1
7 1 1 0 1
8 1 1 1 0

Table 3 Experiment table of BIBD for 3 vari-
ables and 2 levels

Number of | Variable | Variable | Variable
experiment A B C
1 -1 -1 -1
2 | -1 1
3 -1 1 -1
4 -1 1 1
5 1 -1 -1
6 1 -1 1
7 1 1 -1
8 1 1 1
9 0 0 0
10 —-a 0 0
11 a 0 0
12 0 —a 0
13 0 a 0
14 0 0 —a
15 0 0 a
TALEAL 297 49 A4S gAY Y4
7h 1Al ez, 23 ARy FuHHl ulee
AAR b glenz ofF 2Adm He s
42 21 23] 9 wHez, 24F A
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Table 4 Balanced incomplete block design(BIBD)

of
oo

k n=1 n=2 n=3 n=4 n=>5
2 1.000 | 1.078 | 1.147 121 1.267
3 1216 | 1.287 | 1.353 | 1414 | 1471
4 1414 | 1482 | 1547 | 1.607 | 1.664
5 159 | 1.662 | 1.724 | 1.784 | 1.841
6 1.761 1.824 | 1.885 | 1.943 | 2.000

Table 5 Design of experiment using BIBD

No. of exp a b c
1 -1 -1 -1
-1 -1 1
3 -1 1 -1
4 -1 1 1
5 1 -1 -1
6 1 -1 1
7 1 1 -1
8 1 1 1
9 0 0 0
10 -1.216 0 0
11 1.216 0 0
12 0 —1.216 0
13 0 1.216 0
14 0 0 —1.216
15 0 0 1.216
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Table 6 Analysis of variation(ANOVA) table
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QoA X, y(AET FHBEWE
1 -1 -1 ~1 1 1 1 1 1 1
1 -1 -1 1 1 1 1 1 -1 ~1
1 -1 1 -1 1 1 1 -1 1 -1
1] -1 1 1 1 1 1 -1 -1 1
1 1 -1 -1 1 1 1 -1 -1 1
11 -1 1 1 1 1 -1 1
1 1 1 -1 1 1 1 1 -1 -1
X=1 1 1 1 1 1 1 1 11
1 0 0 0 0 0 0 0 0 0
1-126 0 0 14 0 0 0 0 0
11216 0 0 14 0 0 0 0 0
10 <126 0 0 1419 0 0 0 0
1 0 126 0 0 149 0 0 o O
I 0 0 -126 0 0 1490 0 0
1 0 0 1.216 0 0 1.479 0 0 0
93.02433
24.27924
23.67443
32.47104
31.37280
33.71448
32.54346
Y127 67673 (10)
92 55642
33.34042
27.45071
28.51535
28.17481
2720260
A7, yE AR SAREY 3

Factor S o] Vv F, Fla)
Regression | qop_ g1X7y —n(¥)? k MSR MSR/MSE | F-distribution
variation
Residual

esidua SSE=SST-SSR n—k—1 MSE
variation

Sum SST=YTY—n(Y)? n—1
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Table 7 Analysis of variation(ANOVA) table
Factor S ® A% F, F(a)
Regression variation 220.8645 3 73.6215 183170.00 7.59
Residulal variation 0.0044 11 0.00040193
Sum 220.8689 15
AR T 4 Atk AFD A 2 B pe dehlle #4ud ade 4 SYL4E A
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L3 F-ZA 34L& o] &5w, Table 73 e}, H="AA =z aee ADS Ver.l.199S &3
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Model define
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System model and define object function using DADS

i

Choose the design variable

M

Choose the miximum experimental Table

1

Experiment using DADS

1

Data control & define the regression function

l

Optimum design

l

Verification of the result

Fig. 3 Flow chart of optimum design
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Table 8 Design of experiments using BIBD of

L8OA
No. of exp. A B C Obj. function
1 -1 -1 -1 0.17997
2 -1 -1 1 0.13964
3 -1 1 -1 0.17430
4 -1 1 1 0.13709
5 1 -1 -1 0.21626
6 1 -1 1 0.15146
7 1 1 -1 0.21131
8 1 1 1 0.14992
9 0 0 0 0.15606
10 —-1.216 0 0 0.14421
11 1.216 0 0 0.16794
12 0 |1—-1216 0 0.16022
13 0 1.216 0 0.15672
14 0 0 |-1216 0.21332
15 0 0 1.216 0.14216

@ 7e BAACY IALHFH) T T,
Y=o+ Bixi+ Baxa+ Paxa+ Baxi+ Bsxb+ Box}

+ Brxixz+ Bex1xz+ BaxzXa (18)

o4 39l Aus)oldel 23 waAlel oz sE of
Aol T 4 ook ol HW Xeol FHLx
X Xoo Xo A7

_A—6.002
X=""75
B—-2.918
Xe=""g73 (19)
_€-0.2
%=1
o] ElA ghsii=u), A AL HE 95 Aol
o}, HEAAE 81719 dted Matrix-x?g o] &3}
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