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Kinematics analysis and simulation of a new
underactuated parallel robot

YAN Wenxu, NING Jin, SUN Qiang, YU Zhenzhong
(Institute of Electrical Engineering and Intelligent Equipment, Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract : The number of degrees of freedom is equal to the number of the traditional robot driving motors, which causes
defects such as low efficiency. To overcome that problem, based on the traditional parallel robot, a new underactuated parallel
robot is presented. The structure characteristics and working principles of the underactuated parallel robot are analyzed. The
forward and inverse solutions are derived by way of space analytic geometry and vector algebra. The kinematics model is estab-
lished, and MATLAB is implied to verify the accuracy of forward and inverse solutions and identify the optimal work space.
The simulation results show that the robot can realize the function of robot switch with three or four degrees of freedom when
the number of driving motors is three, improving the efficiency of robot grasping, with the characteristics of large working
space, high speed operation, high positioning accuracy, low manufacturing cost and so on, and it will have a wide range of

industrial applications.
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Fig.1 Structural diagram of the underactuated parallel robot
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Tab.1 Data verification of normal kinematic solution

B L IEf#
6/ 62/ 63/ X Y VA
0 100 50 112. 262 116 0 —341.535 561
0 30 30 0 0 —517.961 912
56 98 55 53. 069 354 78.678 553 —340.076 883
—50 110 110 0 0 —251. 369 167
90 15 35 0 —59. 640 483 —527.871 119
—80 20 0 8.610 943 —48. 835 087 —558. 426 789
—55 0 47 —78.778 199 112. 506 927 —515. 798 885
—10 18 99 —208. 706 382 36. 800 566 —369. 204 419
40 96 36 113. 609 277 95. 329 502 —365. 559 480

89 70 58 0.533 663 30.573 559 —396. 569 155
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Tab.2 Data verification of inverse kinematic solution

VRO E bULy
X Y z 6:/(® 62/ 65/
112.262 116 0 —341, 535 561 0 100 50
0 0 —517. 961 912 0 30 30
53.069 354 78. 678 553 —340. 076 883 56 98 55
0 0 —251.369 167 —50 110 110
0 —59. 640 483 —527.871 119 90 15 35
8. 610 943 —48. 835 087 —558. 426 789 —80 20 0
—78.778 199 112. 506 927 —515. 798 885 —55 0 47
—208. 706 382 36. 800 566 —369. 204 419 —10 18 99
113. 609 277 95. 329 502 —365. 559 480 40 96 36
0.533 663 30. 573 559 —396. 569 155 89 70 58
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