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Abstract

In this paper, a new kinematic structure of a parallel manipulator with six Cartesian degrees

of freedom is proposed. It consists of a platform which is connected to a fixed base by means of

3—PPSP (parameters P, S denote the prismatic, spherical joints) subchains. Each subchain has a

link which is connected to a passive prismatic joint at the one end and a passive spherical joint

at the other. The spherical joint is then attached to perpendicularly arranged prismatic actuators

which are fixed at the base. This arrangement provides a basis to control all six Cartesian degrees

of motion of the platform in space. Due to its efficient architecture, the closed —form solutions of

the inverse and forward kinematics can be obtained. As a consequence, this new kinematic

structure can be servo controlled using simple inverse kinematics because forward kinematics

allows for measuring the platform’s position and orientation in Cartesian space. Furthermore, the

proposed structure provides an effective functional workspace. Series of simulations are perfor-

med to verify the results of the kinematics analyses.
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Table 2 The results of the inverse kinematics analysis for the numerical example

Case Platform position Platform orientation{deg.)
X y z 0% B a
1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
2 0.600000 -0.700000 0.800000 0.000000 0000000 0.000000
3 0000000 0.000000 0.000000 1.000000 -2.000000 -37.000000
4 0.000000 0.000000 0.000000 43.000000 0.000000 0.000000
5 0.000000 0.000000 0.000000 0.000000 -37.000000 0.000000
6 0.000000 0.000000 0.000000 0.000000 0.000000 37.000000
7 0.200000 0.200000 0.300000 10.000000 15.000000 -17.000000
8 0.300000 -0.400000 0.200000 15.000000 7.000000 -26.000000
9 -0.200000 0.500000 -0.100000 -13.000000 20.000000 -23.000000
10 0.587400 -0.720900 -0.338400 21.236300 -13.087400 -18.829300
1-Prismatic actuator 2-Prismatic actuator 3-Prismatic actuator
(Horizontal) (Vertical) (Horizontal) (Vertical) (Horizontal) (Vertical)
A Z Y2 Z2 £ Z3

1 0.000000 0.000000 0.000000 0-000000 -0.000000 0-000000
2 -0.700000 0.800000 -0.169615 0.800000 0.869615 0.800000
3 -0.994691 0.057718 -0.994155 -0.003875 -0.993336 -0.053809
4 0000000 0.000000 0.192297 0.976348 -0.192297 -0.976348
5 0.000000 0.994691 -0.121196 -0.418253 0.121196 -0.418253
6 0.994691 0.000000 0.994691 0.000000 0.994691 0000000
7 -0.142418 -0.013815 -0.714634 0.677818 -0.458736 0.273374
8 -0.897487 0.060657 -0.974348 0.800993 -0.138701 -0.008384
9 -0.145202 -0.701012 -0.371872 -0.110132 -0.977591 0.560092
10 -0.970716 -0.158459 -0.713417 0.113975 0.583720 -0.813249
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Table 3 The results of the forward kinematics analysis for the numerical example

Case 1-Prismatic actuator 2-Prismatic actuator 3-Prismatic actuator
(Horizontal) (Vertical) (Horizontal) (Vertical) (Horizontal) (Vertical)
Yi Z Y2 Z; Ys Z3
1 0.000000 0.000000 0.000000 0.000000 -0.000000 0.000000
2 -0.700000 0.800000 -0.169615 0.800000 0.869615 0.800000
3 -0.994691 0.057718 -0.994155 -0.003875 -0.993336 -0.053809
4 0.000000 0.000000 0.192297 0.976348 -0.192297 -0.976348
5 0.000000 0.994691 -0.121196 -0.418253 0.121196 -0.418253
6 0.994691 0.000000 0.994691 0.000000 0.994691 0.000000
7 -0.142418 -0.013815 -0.714634 0.677818 -0.458736 0.273374
8 -0.897487 0.060657 -0.974348 0.800993 -0.138701 -0.008384
9 -0.145202 -0.701012 -0.371872 -0.110132 -0.977591 0.560092
10 -0.970716 -0.158459 -0.713417 0.113975 0.583720 -0.813249
Platform positio Platform orientation(deg.)
X y z y B a

1 0.000000 -0.000000 0.000000 0.000000 -0.000000 0.000000
2 0.600000 -0.700000 0.800000 0.000000 -0.000000 0.000000
3 -0.000000 -0.000000 0.000000 0.999991 -2.000009 -36.999988
4 -0.000000 -0.000000 -0.000000 43.000000 -0.000000 0.000000
5 -0.000000 -0.000000 0.000000 0.000000 -36.999983 0.000000
6 0.000000 -0.000000 0.000000 0.000000 -0.000000 36.999990
7 0.200000 0.200000 0.300000 10.000011 15.000001 -17.000000
8 0.300000 -0.400000 0.200000 14.999996 7.000012 -25.999990
9 -0.200000 0.500000 -0.100000 -12.999983 20.000002 -23.000004
10 0.587400 -0.720900 -0.338400 L 21.236304 -13.087400 -18.829308
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(b) Simulation result of forward kinematics analysis

Fig. 8 Simulation results of invrese/forward kinematics analysis
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