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Effect of Link Stiffness on Error of Cubic Parallel Manipulator in 3D Workspace
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ABSTRACT

An crror analysis is very important for a precision machine to estimate its performances. This study deals with

error of a new parallel device, cubic parallel manipulator. There are so many error sources in this mechanism. Errors

of the cubic parallel device vary depending on the stiffness of the manipulator. The stiffness of each link depends on
the directions of the link and actuation force. In this paper, the stiffness of the manipulator is calculated by ABAQUS
and the position and orientation errors are predicted within a given workspace. The analysis shows that the method

can be used in predicting the accuracy of other parallel devices and in designing paralle] devices.
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Fig. I A proposed cubic parallel manipufator.
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end-effector

Fig. 2 Kinematic parameters of a link of

a parallel manipulator.
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RESTART FILE = Link STEP 1 INCREMENT 1
TINE CONPLETED IN THIS STEP 1.00 TOTAL ACCUMULRTED TIHE 1,00
2 aBADUS VERSION: 5.6-8 DATE: 06-DEC-2000 TIME: 16:33:44

Fig. 3 A FE model of a link.

F = 2100402

Table 1 Physical properties of a link.

Material Modulus of Poisson's ratio
ateria elesticity (E) (v)
Aluminum alloy 73 Gpa 0.33
Steel 200 Gpa 0.25
WAL ¥ 22894 YER olFold A, o B
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Fig. 4 FEA result of a deformed link of maximum
length (L=40.4cm).
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Fig. 5 FEA resuit of a deformed link of minimum
length (L.=27.9cm).

4. Case Study
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Table 2 Coordinates of the joint centers

e B BE B
Bt (b, -a, 0) Pi (b, -a, 0)
B2 (b, a, 0) P2 (b, a, 0)
B3 (-6, 0, 0) P3 (-6, 0, 0)
B4 (-¢c, -e, z1) P4 {c, -e, -d)
BS (-c, e, z2) P5 (c, e, ~d)
B6 0. £ z) P6 A )

a=0.16m, b=0.14m, ¢=0.195m, 4=0.270m, e=0.055m,
0.205m, g=0.130m, z,=0.130m, z,=0.130m, z;=0.280m
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Fig. 6 A sphere workspace of the cubic parallel

manipulator.

Position enor in a sphere(r=10cm) by link stifiness

Fig. 7 Position error of the cubic parallel

manipulator within a given workspace.

Qrientation ermor in a sphere(r=10cm) by link stiffness.

Fig. 8 Orientation error of the cubic parallel

manipulator within a given workspace.
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