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Fig. 1. Final structural design.Fig. 3. Inner frame and 8 cable connecting points. 

Fig. 2. Serialization of several joint modules.Fig. 4. Total kinematic configuration of cable driven parallel active 
joint. 
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Fig. 5. Inverse kinematic results for two poses X= [0,0,0,0,0,0] and X= [0,0,0,0,0,20]. 
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Table 1. Inverse kinematic results for two poses X= [0,0,0,0,0,0] and X= [0,0,0,0,0,20].
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Fig. 6. Comparing inverse and forward kinematic for two poses X= [0,0,0,10,1,10] and X= [50,50,50,0,0,0]. Black lines are real positions 
and dotted lines are forward kinematics results.
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Table 2. Solving inverse and forward kinematics for two arbitrary poses. 
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Table 3. Solving inverse and forward kinematics for two arbitrary poses with 2nd cost functions. 

Fig. 7. Forward kinematics solution for a 30 mm circular path.
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Fig. 8. Tension solution algorithm. 

Table 4. Calculated tensions for 5 poses. 
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Fig. 9. Cable tension solution for end effector position from -40 to 40 along X axis. 

Table 5. Correction investigation for calculated tensions pose 1 to 5.
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Fig. 10 Transational workspace of Cable Driven Parallel Active Joint 
(CDPAJ) mechanism.. 
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Fig. 12 Movement limitation because of central column.. 



3410 3397

3409

[1] S. Masood Dehghan Banadaki, Modelling and control

of cable-driven robots, SCHOOL OF MECHANICAL

& AEROSPACE ENGINEERING NANYANG

TECHNOLOGICAL UNIVERSITY 2007, pp. 13-16.

[2] S.E. Landsberger, T.B. Sheridan, A minimal,

minimal linkage: the tension-compression parallel

link manipulator, in:  Robotics, mechatronics and

manufacturing systems, Elsevier, 1993, pp. 81-88.

[3] D. Stewart, A platform with six degrees of freedom,

Proceedings of the institution of mechanical engineers,

180(1) (1965) 371-386.

[4] C. Ferraresi, M. Paoloni, F. Pescarmona, A new

methodology for the determination of the workspace of

six-DOF redundant parallel structures actuated by nine

wires, Robotica, 25(1) (2006) 113-120.

[5] R. L. Williams, J. S. Albus, R. Bostelman, Cable-Based

Metrology System for Sculpting Assistance, 2003.

[6] G. Liwen, X. Huayang, L. Zhihua, Kinematic analysis

of cable-driven parallel mechanisms based on minimum

potential energy principle, Advances in Mechanical

Engineering, 7(12) (2015) 1-11.

[7] B. Gao, H. Song, J. Zhao, S. Guo, L. Sun, Y. Tang,

Inverse kinematics and workspace analysis of a cable-

driven parallel robot with a spring spine, Mechanism and

Machine Theory, 76 (2014) 56-69.

[8] W. Wang, X. Tang, Z. Shao, Study on Energy Consumption 

and Cable Force Optimization of Cable-Driven Parallel

Mechanism in Automated Storage/Retrieval System,

in:  2015 Second International Conference on Soft

Computing and Machine Intelligence (ISCMI), IEEE,

2015, pp. 144-150.



3410 3397

3410

[9] R. Verhoeven, Analysis of the workspace of tendon-

based Stewart platforms, Universität Duisburg-Essen,

Fakultät für Ingenieurwissenschaften» Maschinenbau

und Verfahrenstechnik, 2004.

[10] C. Gosselin, M. Grenier, On the determination of

the force distribution in overconstrained cable-driven

parallel mechanisms, Meccanica, 46(1) (2011) 3-15.

[11] A. Pott, T. Bruckmann, L. Mikelsons, Closed-form force

distribution for parallel wire robots, in:  Computational

Kinematics, Springer, 2009, pp. 25-34.

[12] P.H. Borgstrom, B.L. Jordan, G.S. Sukhatme, M.A.

Batalin, W.J. Kaiser, Rapid computation of optimally

safe tension distributions for parallel cable-driven robots,

IEEE Transactions on Robotics, 25(6) (2009) 1271-1281.

[13] B. Ouyang, W. Shang, Rapid optimization of tension

distribution for cable-driven parallel manipulators

with redundant cables, Chinese Journal of Mechanical

Engineering, 29(2) (2016) 231-238.




