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This paper focuses on the vibration analysis of planar cable—driven parallel robots on their
configurations. Despite of many advantages of the cable robots, elasticity of the cables may cause the
vibration at the existence of external disturbance, resulting in deterioration of positioning accuracy.
According to the vibration theory, having high first order natural frequency can prevent resonance with
low frequency disturbance from the surrounding environment. A series of simulations showed that
choosing frame / end-effector shape and cable connection method affects robots’ natural frequency. For
the precise simulation, the cables are modeled as linear springs and axial vibration of cables is mainly
considered. Aspect ratios of the frame and end-effector are defined as non-dimensional parameters
while their areas are fixed. It was shown that vibration analysis guides to design a planar cable robot in

terms of high capacity to reduce vibration.
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Fig. 1. Configuration of a real planar four cable robot

o

Fig. 2. Kinematic of a fully-constrained planar four cable robot
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Table 1. End-effector poses and cable stiffness parameters

Posel Pose2
End-effector Pose

,y, 0 1,0.6,0 0.8,-0.4,10
mmdegy | BV 0| (1060 I )

Cablel 78,615 48,273

Cable2 38,872 34,435

Stiftness(N/m)
Cable3 31,969 39,960
Cable4 45,716 65,744
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Table 2. Comparison of natural frequencies between a mathematical
model by MATLAB and a numerical model by ADAMS

Posel Pose2

MATLAB(Hz) | 10.43 | 19.57 | 34.91 | 13.26 | 20.07 | 32.91

ADAMS(Hz) | 10.43 | 19.57 | 34.92 | 13.26 | 20.07 | 32.92
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Fig. 3. Cable connection methods: (a) Normal connection (b)
Up-Down (U-D) cross connection (c) Left-Right (L-R)
cross connection.
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Table 3. Frame parameters of small frame (8 m?

Prrame Wsr (m) Hsr (m)
2? 1 8
2? V2 4v2
2! 2 4
2 242 242
2! 4 2
2’ 42 V2
2 8 1

Table 4. Frame parameters of large frame (800 m?)

Prrame Wik (m) Hip (m)
2° 10 80
2?2 102 402
2" 20 40
2 20+/2 202
2! 40 20
2’ 402 102
2’ 80 10




Table 5. End-effector parameters

Pz Wg (m) Hg (m)
2?3 0.05 0.4
27 0.05v2 022
2" 0.1 0.2
2° 0.1v2 0.1v2
2! 0.2 0.1
2 022 0.05v2
2 0.4 0.05
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Fig. 5. Change of the first natural frequency accordlng to end-
effector positions in small frame (8 m?)
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