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Stiffness Analysis of Spherical Parallel
Mechanism 3-RRR with 3-DOF

ZHOU Yulin"? GAO Feng"?
(1. School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004;
2. State Key Laboratory of Mechanical System and Vibration, Shanghai Jiao Tong University, Shanghai 200030)

Abstract: The spherical parallel mechanism 3-RRR with 3-DOF rotations is one of the most important less-mobility mechanisms and
it is very complicated and difficult to calculate the stiffness of 3-RRR mechanism where the bars in each branch are arc-shaped. Based
on this, the angle displacement of mobile platform and line displacement of spherical center of the mechanism are derived by means
of calculating deformation and superposition principle at small strain—the relationship between the displacements and forces acted on
the members in each branch. And then the relationship between outer loads and the line displacement, the angle displacement of
(spherical center) vertex of mobile platform is set up based on the result of static analysis—the relationship between external
wrenches and forces acted on the members in each branch. Finally the flexibility, stiffness matrix are obtained. The 6 principal
stiffness and directions of the mechanism are achieved by orthogonal transformation. The results show that the principal stiffness and
directions are varied with the pose-position of the mechanism in which the principal stiffness is gradually enlarged away from the
origin where 3 principal stiffness (torsional stiffness) are much greater and the others(line deformation stiffness) are smaller, the
difference between the two parts are giant. This research is the important theoretical foundation and support for engineering design

and application of 3-RRR mechanism in practice.
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273320643 (032091641, —0.311 79529, 0.894 25874, 0.007 381 86, —0.004 647 61, 0.004 645 43)T
P— 14102054.08  (0.005 583 71, —0.007 813 76, —0.004 663 30, —0.332 55595, 0.402 236 65, —0.852 935 07)"
BRI
po=nfl2 /(N\ ” j,l) 3733411987 (~0.012 68420, —0.003 253 96, 0.00228072, 0.153 21259, —0.869 297 80, —0.469 755 84)"
z ‘mmera
® —n/6 l 1381353.822 (0.007 576 65, 0.002 518 02, —0.025 53032, 0.930281 87, 0.286 641 19, —0.227 369 58)T
=
‘ " 8207464193 (0.688 33903, 0.723 13878, 0.055711 66, —0.004 23533, ~0.010307 18, —0.005 632 54)"
p,=n/3 hr/ R BRERA #

RILFE ko/(Nemm™")

623.126 202 4
286.849 862 8

(0.601 669 79, —0.526 711 73, —0.600 054 18, —0.012 738 37, —0.015 794 60, 0.009 562 78)"
(0.404 886 85, —0.446 729 33, 0.797 591 65, 0.018 107 50, 0.002 849 87, —0.003 333 71)"
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