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ARTICLE INFORMATION ABSTRACT

Original Research Paper In spite of several advantages of parallel robots, they generally have limited workspace. Therefore, it is
Received 14 January 2017 of paramount importance to obtain the workspace by considering the mechanical interference. In this
Accepted 19 February 2017 paper, the mechanical interference in planar parallel mechanisms, including interference between links

Auvailable Online 03 April 2017 .. . A .
P and, collision between links and obstacles and between end-effector and obstacles, are investigated

using geometrical reasoning. For this purpose, a new geometric method is proposed for collision

Keywords: . . . N N .

Mechanical interference detection in the workspace of planar parallel mechanisms based on the lines segment intersection. In

Planar parallel robot this method, the configurations of the planar parallel robot are obtained in the entire workspace. Then,

Collision-free workspace the interference of links with each other and obstacles, which are respectively modeled by line segment

Performance index of the workspace and polygon, are determined. Finally, the collision-free workspace of the parallel robot is obtained for a
specified orientation of the moving platform. Moreover, in this paper, an index is presented which can
be used for examining the workspace by considering mechanical interference. The foregoing index
provides some insight into obtaining a well-conditioned workspace. For the sake of validation, this
method is implemented on two planar parallel robots, namely as 3-RRR and 3-PRR, for different
working modes. The obtained results reveal that the ratio of the practical workspace to the theoretical
workspace is decreased upon increasing the orientation of the end-effector for both clockwise and
counterclockwise directions. Furthermore, due to differences in the number of the moving links, the
mechanical interference-free workspace of 3-RRR parallel robot is usually more limited than 3-PRR
parallel robot.
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Fig. 1 Schematic representation of a 3-RRR planar parallel robot.
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Fig. 2 Schematic representation of a 3-PRR planar parallel robot.
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Tablel Collision detection algorithm.

1. Input:ly, L, p, b, a,6.
2:  Output: modified workspace.
3 Vertices of the base triangle: 4, 4,, A5
second joints in each kinematics chain: By, B,, B3
vertices of the moving plate triangle:C;, C,, C3
4: i=0;
For whole of possible space
For 3 kinematic chains
Check kinematic constraints by using Eq.(1)-(9)
If the conditions holds.
i=i+1;
X(i): x component of the workspace's point;
Y(i): y component of the workspace's point;
End
End
End
5: Forj = 1:i;
Solve IK for X(j), Y (j) Egs.(10)-(12)
Results are:
6,, 6,,0; for 3-RRR and p, p,, p; for 3-PRR

6: Obtain By, B,, B, Cy, C,, C5 by using Eqgs.(13)-(17)

7 lines collision detection by using 'polyxpoly' command.
[xi,yi] = polyxpoly(x1,y1,x2,y2) returns the intersection points of
two polylines in a planar, Cartesian system.

If there isa collision
save X,Y in a new matrix,
Blockx(j) = X());
Blocky(j) = Y (j);

End

End

8: Blockx, Blocky are forbidden workspace coordinates matrix.
Amendment prohibited space in the main workspace is a
collision-free workspace.
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Fig. 5 The ratio of the practical workspace to the theoretical workspace
'n' for different orientations of the 3-RRR parallel robot.
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Fig. 6 Collision-free workspace of the 3-PRR parallel robot for 6=0°.
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Fig. 7 Collision-free workspace of the 3-PRR parallel robot for 6=30°.
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Table 2 design parameters for the 3-RRR planar parallel robot.
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Table 3 The design parameters for the 3-PRR planar parallel robot.
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Fig. 3 Collision-free workspace of the 3-RRR parallel robot for 6=0°.
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Fig. 4 Collision-free workspace of the 3-RRR parallel robot for 6=30°.
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Table 4 The index n for different working modes of the 3-RRR & 3-
PRR planar parallel robots.

7 (3-PRR) 7 (3-RRR) s> Jss
0.75 0.78 . a
0.93 0.75 --+ b
0.75 0.65 -+ - c
0.93 0.61 -+ + d
0.85 0.90 +-- e
1.00 0.88 +-+ f
0.85 0.83 ++ - g
1.00 0.80 ++ + h
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Fig. 8 The ratio of the practical workspace to the theoretical workspace
'n' for different orientations of the 3-PRR parallel robot.
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Fig. 9 Collision-free workspace for different configuration of the 3-RRR planar parallel robot.
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Fig. 10 Collision-free workspace in different configuration of the 3-PRR planar parallel robot.
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