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Multi-objective optimization design of spatial cable-driven parallel robot
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ARTICLE INFORMATION ABSTRACT

Cable-Driven Parallel Robot has many advantages. However, the problems of cable collision between
each other and environment, the lack of proper structure and non-positive cable tension prevent the
spread of them. Therefore, connecting a serial manipulator to mobile platform improves the ability of
object manipulation. This paper investigates the multi-objective optimization structure design and
comparative study of spatial constrained and suspended cable-driven parallel robot. Installed serial
manipulators possess a full hybrid robot’s features. The workspace volume, kinematic stiffness and
sensitivity are three sets of optimization criteria. The workspace volume is calculated by a novel
approach of combination constraints to prevent cables colliding with each other, cable collision with
moving platform, uncontrollability and singularity of the robot. First, the range of forces and torque
reaction of the serial manipulator to moving platform is examined. Then, the evolutionary optimization
genetic algorithm is used for the multi-objective optimization of constrained and suspended spatial
cable-driven parallel robot structure to achieve proper Pareto front confrontation. The Pareto front
reconciliation of these three criteria will be discussed. The constrained and suspended optimized by the
same criteria will be compared in the same conditions. It is confirmed that the constrained structure
significantly reduced actuation energy to manipulate a serial robot, supply greater workspace and
manipulability. The result of this study used for manufacturing and development of a prototype spatial
cable-driven parallel robot (RoboCab).
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Fig. 2 Kinematics model of the hybrid parallel-serial robot
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Table 1 Platform cables attachment points of two robots

oo Sle Jlas!

BBi = [x,y, Z]T(m)

"B, = [x.,.y, z]T(m)

[+0.05,+0.05,+0.05]T [+0.00,+0.07,—0.05]T 1 L&
[-0.05,+0.05,+0.05]T [+0.00,+0.07,—0.05]T 2 L&
[-0.05,—0.05,+0.05]T [+0.00,—0.07,—-0.05]T 3 &
[+0.05,—0.05,+0.05]T [+0.00,—0.07,—0.05]T 4 L&
[+0.05,+0.05,—0.05]T [+0.07,+0.00,+0.05]T 5 s
[-0.05,+0.05,-0.05]T [-0.07,+0.00,+0.05]T 6 L&
[-0.05,-0.05,-0.05]T [-0.07,+0.00,+0.05]T 7 L&
[+0.05,-0.05,-0.05]T [+0.07,+0.00,+0.05]T 8 L&
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Table 2 Modified Denavit-Hartenberg parameters

ai_1(m)  a;i_; d;(m) 0; bl
0 0 0 0, 1 Jats

0 —90° 0 0, 2 Jase
0.19 0 0 O +90° 3 Jais
0 —90° 0.21 0, 4 Jais

0 90° 0 O S Jaie

0 —90° 0 O, 6 Jais
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Table 3 Inertial and mass center position of robots parts

m, P, (mm) “1,(kg. mm)

2

dzlad
(gn) [x,y, Z]T [IxxvlyyllzzleyaIxZaIyz]

374 [0,0,0]T [111,947,1256,36,84,28] S
370 [3,1,-57]" [611,549,279,2,—33,—29] 1o
353 [80,10,0]7 [549,2491,2788,—657,232,81] 2
385 [95,4,0]T  [10%363,919,—29,-16,—284] 3 -

176  [-26,11,1]" [121,157,116,—1,9,5] 4 5,
378  [74,4,0]T [762,299,493,48,69,51] 5 .
200 [0,0,100]T [121,157,116,—1,9,5] 6 oo
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Fig. 7 Optimization of cables tension
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2- Robotic Manipulator Careered by cable-driven parallel robot (RoboCab)
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platform and 2-norm error of modeling
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