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Defect Judgment of 5 — CS Rigid-body Guidance Mechanism

Hu Junjie Han Jianyou Cui Guangzhen

(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract; A 5 — CS rigid-body guidance linkage was proposed. A method to judge the defects of 5 — CS
linkage was proposed to solve the problems of defect judgment met in the process of rigid-body guidance
design. Through calculating the Jacobian matrix’ s determinant values of the given positions, it can be
found out whether the signs of determinant values were changed at the given positions. If the signs were
changed, the linkage had defects. If not, a curve tracking technique which based on Newton method was
used to get the forward position solutions and then calculate the Jacobian matrix’ s determinant values of
the positions between the given positions. Based on the calculations, we can know whether there were
positions which determinant values are zeros between the given positions. When the Jacobian matrix’ s
determinant value was zero, the linkage’ s singular configuration occurred. According to the trajectory,
we can clearly know whether the linkage has circuits or order defects. For solving the branch defect, the
method of drives combinations was proposed. When the parameters of the linkage at a position were
given, different Jacobian matrix’ s determinant values can be got by selecting different drivers. So the
branch defects can be avoided by changing the drive before the singular positions. Finally, a synthesis
example was provided to illustrate the defect judgment process of 5 — CS linkage.
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Tab.1 Directional vectors of cylindrical joints of linkage 1

®1 Nl FEERIHES @EE

x4 N2 FEHRIHES @EE

Tab.4 Directional vectors of cylindrical joints of linkage 2

(x,y,2)

& (%,y,2) X
1 (0.745,0. 485 ,0. 458) 1
2 (0.691,0. 680, —0.245) 2
3 (0.741,0. 650, —0. 168) 3
4 ( -0.411,0.031, -0.911) 4
5 (0.886,0.319, —0.337) 5

(-0.411,0.031, -0.911)
(0. 683,0. 686,0. 250)
(0.161,0.964, —0.211)
(0.159,0. 987, —0.003)
(0.396,0.916, —0.063)

Tab.2 Initial coordinates of cylindrical joint of linkage 1

®2 N1 BEHERVIBALELR

RS N2 BHERVIBALELR

Tab.5 Initial coordinates of cylindrical joint of linkage 2

BT (x,y,2) B (x,y,2)
B, (13.258,13.592, -7.519) B, (9.821, -3.610, -1.043)
B, (-0.205,19.482, -15.323) B, (-0.548,3.155,1.952)
B, (-8.308,10.438, -23.789) B, (-9.298, - 11.694,2.234)
B, (9.821, -3.610, -1.043) B, (—14.448,-5.105,4.932)
Bs (5.947,25.087, -9.023) By (=9.003,2.797,0. 183)

R3 Nl AHRISMEELRUBSH

F6 M2 AHRISMEELRUBSH

Tab.3 Linear parameters of cylindrical joints of linkage 1 Tab.6 Linear parameters of cylindrical joints of linkage 2

HE (8175821 231 5541 » 551 +56i +57;) P (8175521 5531 5 54i » 551+ 561 +57;)
1 (0,2.070,3.641,1. 148, -8.722, - 15. 886, —19.538) 1 (0,1.062,1.715,2. 683,6.042,9. 024,10. 383)
2 (0,6.638,12.953,17. 468,13. 370,9. 566 ,6. 476) 2 (0,3.373,7.455,11.179,6. 022,0. 800, —3. 157)
3 (0,5.484 11. 151,15.420,11. 170,7. 361 ,4. 394) 3 (0,5.106,10. 614 ,15. 061 ,11. 839 ,7. 744 3. 642)
4 (0,1.062,1. 715 ,2. 683 ,6. 042 ,9. 024 ,10. 383) 4 (0,6.003,12.267,17. 394, 14. 027 ,9. 008 ,4. 090 )
5 (0,6.535,13.042,17. 328,13. 082,9. 653,7.778) 5 (0,5.285,10.831,15.728,12. 159,7. 788 ,3. 576)

x7 W1 BRELE AR
Tab.7 Coordinates of spherical joints of linkage 1

ﬁzﬁ M] MZ M3 M4 MS
1 (14.776,6.992, -3) (-2.925,24.169, - 10) (-5.424,11.734, -6) (-3.574,-3.682,5) (4.240,28.788, -10)
2 (16.924,7.727,-2.752)  (2.952,27.772, -10.519) ( -1.915,15.938, -6.896)  ( -3.468,0.363,3.925)  (10.796,31.071, —10.001)
3 (19.358,8.239, -3.822)  (9.111,30.534, —-11.255)  (2.248,19.665, —-7.847) (-2.032,4.415,2.699)  (17.406,32.412, —10.669)
4 (19.542,9.566, -10.969)  (11.829,33.971, —12.480)  (4.262,23.730, -8.642) (0.203,7.680,0.740) (20.195,34.574, —14.003)
5 (11.803,7.349, -17.583)  (7.965,32.064, —11.944) (0.169,21.994, -8.114)  ( -3.736,4.673, -1.272) (15.601,32.192, —15.732)
6 (5.728,5.805, —21.708) (5.961,28.957, -10.694) ( -2.106,18.925, -7.355) ( —6.665,0.889, —3.353) (12.708,29.311, —15.89%4)
7 (3.330,3.291,-23.120)  (5.882,24.901, -9.559)  ( —2.500,14.976, —6.718) ( —7.840, —3. 148, —4.453) (12.201,25.526, —15.248)

x8 M2 BREILE AR
Tab.8 Coordinates of spherical joints of linkage 2

(VA M, M, My M, Ms
1 (-3.574, -3.682,5) ( -3.139,4.261,6) (-9.383,-10.525,7.5)  ( —15.170, —-4.985,6.5) (-9.367,3.011,1)
2 ( —3.468,0.363,3.925) (-1.725,8.102,5.089)  ( -10.523, -5.378,5.946) ( -15.186,1.093,4.692)  ( —7.747,7.990, —-0.303)
3 (-2.032,4.415,2.699) (1.023,11.713,4.000) (1-9.985, -0.048 ,4.610) (-13.448,7.155,3.463)  ( —4.904,12.740, —1.401)
4 (0.202,7.680,0.740) (4.725,14.176,2.016) (=7.655,4.093,4.234) (-9.971,11.791 ,4.984)  ( -2.109,16.880, —1.352)
5 (-3.736,4.673, -1.272)  (1.939,10.224, -0.151) ( -10.839,1.150,3.623) (-11.610,8.649,6.513)  ( —5.025,14.286, —0.747)
6 (-6.665,0.889, -3.353) (-0.267,5.622,-2.383) ( -13.083,-3.048,2.136) ( —-12.407,3.694,6.526) ( —6.690,10.237, -0.710)
7 (-7.840,-3.148, -4.453) ( -1.102,1.092, -3.500) ( -14.031,-7.378,1.078) ( -12.588, -1.259,6.145) ( -7.071,5.801, —0.753)
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different rotating drivers
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Tab.9 Parameters of specified 7-positions

(AL (x,y,z,a(x) ,B(y) ,y(2))

P, ( —5.9843,0,4.9843,0°,0°,0°)

P, (-5.1969,4.4094,3.8268,1°, =3.5°, —10°)

P, (-3.0315,8.7008,2.6690,2°, —3.4°, —20°)

P, (0,12.0079,1.511 8,3°,14.3°, —30°)

P, ( -3.0315,8.7008,0.3543,4°,35. 1°, —38.9°)

P (-5.1969,4.4094, —1.1575,5°,51.7°, —45.9°)
r, (-5.9843,0, -2,6°,60°, -50°)

F10 #Hi43 FREHERI LA EEE
Tab. 10 Directional vectors of cylindrical joints
of linkage 3

3 (%,7,2)
1 (0.795,0.591,0. 136)
2 (0. 836,0.548,0.019)
3 (0.691,0. 680, —0.245)
4
5

(0.741,0. 650, —0. 168)
(0.484,0. 656 ,0. 579)

F11 43 BRI MR E SR

Tab.11 Initial coordinates of cylindrical joints

of linkage 3
Bk (x,y,2)
B, (-0.062,3.787, -0.59%4)
B, (-0.538,5.056, -2.517)
B, (-0.205,19.482, -15.323)
B, ( -8.308,10.434, -23.789)
Bs (26.911,19.376, -0.133)

12 M3 EHRISNEELRNBESH
Tab.12 Linear parameters of cylindrical joints
of linkage 3
X (8175520 9531 »54i 5557 561 +57;)

1 (0,3.277,7.304,10.959,5. 800,0. 975, - 2. 446)
2 (0,3.470,7.652,11.360,6.354,1. 887, —1. 189)
3 (0,6.638,12.953,17. 468,13.370,9. 566 ,6. 476 )
4
5

(0,5.484,11.151,15.420,11.170,7. 361 ,4.394)
(0,1.405,1.766, —3.406, —15. 888, —25. 405, -30. 665)
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R13  H49 3 BREI LB R FR
Tab. 13 Coordinates of spherical joints of linkage 3
{jﬁ M, M, M, M, M;

( -1.578,4.765 4)
(0.023,8.339,3.197)
(2.794,11. 675 2. 115)

1 (-1.071,5.714,2)
2

3

4 (5.920,14.208, -0.278)

5

6

7

(0.812,9.198,1. 248)
(3.729,12.417 0. 182)
(6.445,15. 124, —2.289)
(2.571,11.976, -4.501)
(-0.263,8.212, —6.343)
(-1.253,4.137, -7.118)

(2.465,10.673, -2.644)
(-0.171,6.553, -4.795)
(-1.141,2.301, -5.786)

(-2.925,24.169, - 10)
(2.952,27.772, -10.519)
(9. 111,30. 534, - 11.255)
(11.829,33.971, —12.478)
(7.965,32.064, —11.944)
(5.961,28.957, —10.694)
(5.882,24.901, —9.559)

(=5.424,11.734, -6)

( -1.915,15.938, —6.896)
(2.248,19. 665, 7. 847)
(4.262,23.730, -8.642)

(22.577,16.278,7)
(25.571,15. 445 7. 866)
(29.167,14. 156,6. 941

(32.661,12.230, -2.731)
(0.169,21.994, -8.114)  (26.900,6.739, —13.248)

(=2.106,18.925, -7.355)  (21.193,3.130, —20.823)

(-2.500,14.976, —6.718) (18.619, —0.276, —23.895)
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Fig. 15 D] values of linkage 3 at 7 positions under

different rotating drivers
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