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Forward Kinematics and Singularity of 4-RPR Planar Parallel Robots
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(1. College of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing 210037, China; 2. State Key
Laboratory of Mechanical Transmission for Advanced Equipment, Chongqing University, Chongqing 400044, China;
3. School of Mechanical and Rail Transit, Changzhou University, Changzhou 213164, China)

Abstract: Redundant actuation can help robots overcome singular configurations, while there is no consensus
on whether it can improve the motion/force transmission performance of the mechanism. In this regard,
firstly, a redundant actuated 4-revolute-joint, prismatic-joint, revolute-joint (4-PRR) planar parallel robot is
designed, and its forward kinematics equation is established and analytically solved. Secondly, based on the
scale constraint relationship, the rod length coordination equation is derived and analytically solved. Then,
based on the displacement derivative method, the Jacobian matrix is derived and the singular configuration is
analyzed. Thirdly, the local conditioning index (LLCI) of the robot is solved by using mathematical tools such
as the generalized inverse and the block matrix. Finally, the positive solution characteristics, singular
configurations, and motion/force transmission performance of the 4-RPR parallel robot are compared with
four types of 3-RPR parallel robots. Results show that the number of solutions to the forward kinematics
equations of the newly designed robot is reduced by half, with fewer singular configurations and the

proportion of high-quality workspace increased by 1.15% to 16.67%. This indicates that the 4-RPR planar
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parallel robot is easier to control in motion and has superior singularity performance, making it suitable for

applications, such as 3D printing and palletizing, that require high flexibility.

Key words: parallel robot; redundant actuation; forward kinematics; singularity; local condition number
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Fig.1 Mechanism diagram of 4-RPR planar parallel robot
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Table 2 Results of the forward kinematic equations solution mm
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72.868 8 93.999 8
1 102.132 1 78.2215 95.502 8 125.480 5 71.5618 116.877 2
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67.556 7 50.4557
2 94.0557 75.881 5 51.964 0 101.066 7 65.444 3 112.428 9
—67.556 7 —50.4557
13.9250 —14.753 8
3 57.193 5 46.654 1 15.179 6 104.615 5 55.472 5 96.430 1
—13.9250 14.753 8
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Table 3 Results of coordination equation solution mm
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Table 4 Results of forward kinematics solution of non-redundant configurations
a7 eI AL | JETCA AL 1]
5 2,/mm y,/mm y/rad ,/mm y,/mm y/rad
1 65.444 2 67.556 7 —1.8469 65.444 2 67.556 7 —0.5815
2 65.444 2 67.556 7 —0.349 1 65.444 2 67.556 7 —0.349 1
3 65.444 2 —67.556 7 0.349 1 65.444 2 —67.556 7 0.349 1
4 65.444 2 —67.556 7 1.846 9 65.444 2 —67.556 7 0.5815
F4g 750 LT AL AETCA 4 2L IV
2 5 Z,/mm y,/mm y/rad Z,/mm y,/mm y/rad
1 112.428 8 50.455 6 —0.349 1 112.428 8 50.455 6 —0.349 1
2 112.428 8 50.455 6 1.1927 112.428 8 50.455 6 3.007 6
3 112.428 8 —50.455 6 —1.1927 112.428 8 —50.455 6 —3.007 6
4 112.428 8 —50.455 6 0.349 1 112.428 8 —50.455 6 0.349 1
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(a) 4-RPR planar parallel robot
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(c) Non-redundant configuration II
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(e) Non-redundant configuration IV
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Fig.10  Spectra of LCI values for each configuration at y==0°
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Table 5 Proportion of high-quality workspace and per-
formance improvement values of each configu-

ration
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0 13.95 2.61 2.61 7.54 0.20 6.41
37 3.76 2.61 2.61 1.28 0 1.15
78 4.58 2.60 2.61 0.32 0.40 1.97
134 20.55 2.60 2.61 3.88 2.80 16.67
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