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Abstract: The actuation hysteresis effect caused by cable-hole sliding friction is one of the critical challenges
limiting the multi-functional and multi-domain applications of cable-driven continuum robots. During trajectory
tracking, the driving cables undergo frequent switching between winding and unwinding, leading to repeated re-
versals of sliding friction within the guiding holes. As a result, the current configuration of the flexible arm va-
ries significantly depending on the actuation history. A quasi-static model for the cable-driven continuum robot
was developed based on the dynamics theory of flexible multibody systems. A nodal force equilibrium equation
with decoupled rigid and flexible motions was established, and the tangent stiffness matrices for both nodal

forces and cable driving forces were rigorously derived to enhance the convergence rate of the equilibrium equa-
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tion. The trajectory tracking problem was formulated as a servo constraint problem in multibody systems. A
nonlinear least-squares solver incorporating the Newton-Raphson iterative algorithm was employed to conduct
path tracking simulations under both loaded and unloaded end-effector conditions. The configuration evolution

law of the continuum robot was thereby obtained.
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Table 1  Simulation parameters of continuous robot system driven by cable

parameter value parameter value
backbone length/m 0.45 disk number 10
backbone diameter/mm 8.5 disk diameter/cm 3
elastic modulus/MPa 7.1x10* hole-to-center distance/cm 1.2
Poisson’ s ratio 0.4 disk quality/g 1.2
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Fig. 6 The friction coefficient measuring device
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Table 2 Error analysis

Euclidean distance/mm

load/N
node 2 node 3 node 4 node 5 node 6 node 7 node 8 node 9 node 10
0 1.59 0.68 1.49 3.15 5.33 5.12 5.39 6.35 4.21
2 0.26 0.57 1.25 2.86 3.36 4.49 4.56 5.88 6.54
3 0.14 0.20 0.41 0.55 1.41 1.42 3.26 4.53 6.94
4 0.13 0.05 0.07 0.91 5.42 2.81 5.72 7.77 5.26
5 0.14 0.82 0.76 1.15 2.64 3.53 3.76 4.88 4.14
6 0.45 1.20 1.79 2.23 2.99 3.40 5.38 7.65 10.30
7 0.80 0.06 0.84 0.33 1.73 2.82 5.35 9.58 13.09
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Fig. 8 The cable reeling and unreeling experiment
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Table 3 Convergence analysis

maximum absolute error

- initial step @ step @ step @ step @ step ® step © step @D
1 1.22x1072 2.34x1073 4.43%1072 8.16x107° 1.40x107° 5.73%x107% 0 0
2 1.52x1072 8.60x107* 1.50x107* 6.16x107° 1.10x1077 0 0 0
3 1.12x1072 4.11x1073 7.10x107* 1.85x1073 1.92x107 1.11x107° 1.30x107° 1.07x1077
4 1.49%1072 1.04x1073 1.68x1073 1.02x107° 2.08x1077 0 0 0
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