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Abstract Active disturbance rejection control(ADRC) is a practical control method with a two-degree-of-freedom struc-
ture. Due to its capability of handling multifarious disturbances in a straightforward and effective manner, ADRC has been

successfully applied to many mechanical systems. However, the limit cycle vibration may be induced when employing the
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ADRC for mechanical systems with friction. At present, there is no precise analysis work about the friction induced vibra-
tion under the ADRC framework. Therefore, this paper investigates this problem by using the analysis tools of nonlinear
dynamic systems. First, two representative friction models, static switch model and dynamic LuGre model, respectively,
are considered, and active disturbance rejection controllers of different orders are designed for a class of second-order
motion systems. Equivalent forms of the controllers are obtained and their relationships with the proportional-integral-
derivative(PID) controller are revealed. Then, the limit cycle is calculated by using the shooting method combined with
the pseudo arc-length continuation approach. Based on the Floquet theory, the stability, occurrence and type of bifurcation
of the limit cycle can be determined. In addition, the local stability of the equilibrium points is analyzed based on the
Jacobian matrix and approximate numerical method. Finally, the effects of the model and parameter of friction, the order
and parameters of the ADRC on the limit cycle are investigated by numerical calculations. As shown by the calculation
results, the parameter 8, which determines the negative slope of the Stribeck effect, has a significant effect. When 8 > 1,
closed-loop systems with these two friction models have the same characteristics. Cyclic fold bifurcation(CFB) of the
limit cycle occurs and the set of equilibrium points is locally stable. However, characteristics of these two closed-loop
systems are totally different when 8 < 1. As for the ADRC order, it is found that the order does not affect the conclusions
in terms of the existence and stability of the limit cycle, and the stability of the set of equilibrium points. Moreover,
low-order ADRC has a superior performance in tackling the conflict between the friction compensation and stability ro-
bustness. These results can provide some guidelines on the understanding of practical phenomena, selection of the ADRC

order, and parameter tuning.
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Table 1 Comparisons of calculation results for full- and reduced-order ESOs
Friction model Switch model LuGre model
B 2 2 0.9
We 10 20 10 20 10 20 10 20
wSFB (rad/s) 102.3 75.0 95.6 64.9 88.2 454
ESO, GM (dB) -38.37 -37.71 -38.16 -37.68 -37.96 -38.81
PM (deg) 66.90 65.73 66.61  65.31 66.30 64.83
TM (s) 0.093 0.116 0.097  0.128 0.103  0.161
wDCFB (rad/s) 158.0 1225 148.0  106.0 136.0 74.8
ESO GM (dB) -37.94  -37.12 -37.69 -36.85 -37.41  -36.96
: PM (deg) 61.84 60.78 61.56  60.27 61.20 59.49
TM (s) 0.091 0.110 0.095 0.122 0.102  0.154
wy, (rad/s) 161.4  118.3 150.8 1024 139.1 71.6
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