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Abstract

A R-S-S-R three dimensional mechanism is designed for crank-rocker type through the optimiz-

ation technique. The nonlinear kinematic equation of the mechanism is formulated by adopting the

concept of structural error and precision points. Taking this equation as an objective function,

the required mechanism is optimally synthesized by the Fletcher-Davidon-Powell’s method of opt-

imization techniques.

The stuctural errors due to the various positions of precision points are compared, and the
results from the use of two penalty functions suggested respectively by Fiacco-McCormick and by
Powell are also compared on their effectiveness. The mobility of the optimally designed mechanism
is checked for the possibility of its motion, and when a mechanism is optimally designed, it is

strongly suggested that the mobility must be checked on the designed mechanism.
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Table 1 Results from the optimum synthesis for 2X4 precision points

Precision points Design Fletcher-Davidon-Powell method
Inpnt angle Output angle variable Fia cco-McCormick Powell
oo;(deg.) ¢os(deg.) Penalty fn. penalty function
1 7.612 5.9749 a(cm) 0. 42698718 0. 12020161
2 61.7316 46. 6066 a,(cm) 5. 3028169 4.7955671
3 138. 2683 88. 4750 a;(cm) 1. 9178066 1.0952212
4 192. 3880 99. 8213 a,(cm) 1. 5983088 0. 66030109
5 206. 0896 99.8213 as(cm) 0. 100000 0.11079515
6 249. 3853 88. 4750 as(cm) 4. 6905225 4. 6522815
7 310. 6147 46. 6066 do(rad) 1. 7456713 1. 6647938
8 353. 9104 5. 9749 ¢o(rad) —2.7241241 —2. 453963
&(rad) 1. 5476480 0. 88014030
Min. Value of objective function(cm?) Fain(X, ¢) 0. 4195317£-01 ‘ 0. 4626870£-01

Table 2 Results from the

ptimum synthesis for 2X7 precision points

Precision Points Design Fletcher-Davidon-Powell method
Input angle Output angle variable Fiacco-McCormick Powell
¢oi(deg.) ¢oi(deg.) penalty fn. penalty fn.
1 2.5072 1. 9690 a,(cm) 0. 3361608 0. 1518893
2 21. 8169 17.0512 a,(cm) 5. 2146425 4.7976961
3 56.6116 43.0121 a;(cm) 1.8733774 1. 6251540
4 100. 0000 70.7107 a,(cm) 1. 057046 0. 6004977
5 143. 3884 90. 2771 as(cm) 0. 160000 0. 1000600
6 178.1831 98. 5356 ag(cm) 4.7584286 4. 4731827
7 197. 4928 99. 9806 do(rad) 1. 6068270 1. 5689631
8 202. 0058 99. 9806 ¢do(rad) —2. 905685 —2. 7155499
9 217. 4356 98. 5356 d(rad) 1. 9745438 1. 4483130
10 245. 2893 90. 2771
11 280. 0000 70.7107
12 314.7107 43.0121
13 342. 5465 17.0512
14 357.9942 1. 9690
Minimum value of objective function Foin(X,¢) 0. 14846719E-01 0. 20044271 E£-01
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Table 3 Results from the optimum synthesis for 2X10 precision points
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Precision points Design Fletcher-Davidon-Powell method
Input angle Output angle variable Fiacco McCormick Powell
Poi(deg.) ¢o;(deg.) penalty fn. penalty fn.
1 1.2311 0. 9669 a,(cm) 0. 3804165 0. 39688158
2 10. 8993 8. 5499 a,(cm) 5.4654179 5. 3775512
3 29. 2893 22. 8014 az(cm) 2. 1489305 1. 8813559
4 54. 6010 41.5811 a,(cm) 1. 4088190 1. 5482249
5 84. 3556 61.5117 as(cm) 0. 1000001 0. 11299511
6 115. 6434 78. 8436 as(cm) 4.6171784 4. 6445809
7 145. 3990 90. 9451 do(rad) 1. 8726025 1. 8936362
8 170. 7107 97. 3658 ¢Jo(rad) —2. 2667031 —2.2128515
9 189. 1007 99. 6338 d(rad) 1. 4420934 0. 78070505
10 198. 7688 99. 9953
11 200. 9849 99. 9953
12 208. 7195 99.6338
13 223.4315 97. 3958
14 243. 6807 90. 9451
15 267. 4852 78. 8436
16 292.5148 61.5117
17 316. 3192 41. 5851
18 336. 5685 22.8014
19 351. 2805 8. 5499
20 | 359. 0151 0. 4669
Minimum value of ojective function(cm?) Fain(X, ) 0. 21072759 0. 19794450
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Table 4 Results from the optimum synthesis for the conditions ref.(9)

Precision points Design Fletcher-Davidon-Powell method
Input angle Output angle variable Fiacco-McCormick Powell
@o:(deg.) doi(deg.) penalty fn. penalty fn.
1 0.00 0.00 a,(cm) 0.12068245 0. 29562772
2 4.35 2.619 a,(cm) 6. 2521478 6. 0714988
3 12.62 7.91 az(cm) 0. 14765848 0. 25881430
4 24.01 16.08 a,(cm) 2. 2337554 1. 4182730
5 37.39 27.03 a;(cm) 5.1107868 4.7903868
6 51.48 40.65 as(cm) 3. 0988930 2. 2575894
7 64. 86 55.63 go(rad) 0. 26740126 0. 80258656
8 76. 2165 70.19 Po(rad) 0. 69950572 0. 79407864
9 84.49 82.03 d(rad) 1. 5443553 1.9234047
10 88.81 88. 69
Minimum value of objective function(cm?) Fuin(X, 6) 0. 3476825 E-03 0. 54674510£-03
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