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Abstract

A 6 - DOF 6 — CPS orthogonal parallel manipulator was presented, based on the theory of the
structure synthesis for parallel robot mechanisms. The forward kinematics of the manipulator was
studied to analyze the positive positional solutions. With the restrict condition of the lengths of six
actuated limbs, the constrained equations were established, and the nonlinear equations (NLEs) were
obtained to solve forward positional problems of the mechanism. Based on the Chen-Lai algorithm, by
means of which chaos was generated or modified, a discrete-time dynamical system was feedback
controlled to be transferred to a chaotic system that has the expected Lyapunov exponent and good
ergodicity. The chaotification-based Newton iterative algorithm (CBNIA) was utilized to solve NLEs
for forward displacement analysis of 6 — CPS orthogonal parallel manipulators. The results of numerical
verification show that through the CBNIA, all forward solutions can be quickly found that are very
coincident with the inverse ones.
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Tab.1 14 forward solutions of an example
47 Xp/mm Yp/mm Zp/mm a/(*) B/() y/(°)
1 337.666 797 82.566 162 275.447 648 5.751 695 —192.841 673 358.778 903
2 382.196 947 398.091 697 459.002 138 -167.573 862 177.380 205 —9.338 050
3 633.418 253 518.176 758 363.708 295 —114.776 397 —128.603 361 198.426 570
4 484.183 212 320.584 819 412.913 680 —187.962 988 8.402 554 169.023 039
5 195.811 297 73.718 506 219.206 233 268.215 887 —336.691 265 243.230 213
6 232.395 384 156.206 362 121.681 990 —62.291 076 —180.105 937 113.809 354
7 410.504 530 573.760 323 539.509 105 —174.918 889 115.978 507 274.898 386
8 33.826 827 —27.717 596 35.297 489 187.066 834 —192.162 569 —173.250 862
9 128.712 336 224.956 966 312.057 866 177.693 440 —193.968 665 —10.044 366
10 133.469 489 172.340 413 179.825 122 —246.455 606 153.571 846 271.786 791
11 583.192 138 355.773 407 579.169 516 —104.351 590 —260.641 543 194.711 766
12 276.668 923 273.711 073 105.689 876 —190.374 412 7.133 858 —13.311 001
13 551.875 973 481.729 569 475.896 314 11.352 896 —355.746 822 6.929 063
14 481.092 095 461.248 242 382.819 185 346.573 002 185.419 981 178.104 341
Cilhg d,/mm dy/mm d/mm d4/mm ds/mm dg/mm
1 —28.585 633 170.267 353 375.417 606 180.464 297 460.949 081 266.933 194
2 520.090 104 327.682 719 577.024 572 379.881 199 283.545 899 478.656 606
3 568.824 817 603.487 074 328.180 564 446.567 863 604.424 690 656.719 386
4 239.421 114 434.639 646 532.634 722 338.401 514 602.369 811 406.424 393
5 —73.147 282 0.278 487 162.176 173 79.446 706 306.423 274 300.704 740
6 281.365 479 243.523 972 —28.474 473 52.264 324 181.654 668 88.658 837
7 578.988 409 577.843 009 595.621 521 588.140 878 368.287 237 455.549 760
8 —112.142 969 85.571 508 —47.994 321 146.161 582 —36.534 505 157.491 011
9 318.827 204 121.713 280 427.923 640 236.812 814 2.405 989 196.334 317
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10 115.855 121 31.799 119 290.024 230 284.439 875 —12.923 673 58.618 979
11 326.427 542 422.927 910 568.397 088 599.852 989 637.071 747 645.133 051
12 391.390 854 198.915 891 —18.284 774 174 .835 502 355.032 232 159.824 778
13 407.783 302 602.790 059 391.337 046 589.329 538 465.014 221 6601.160 880
14 586.129 283 391.847 539 279.368 973 478.365 824 588.020 941 394.357 369
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