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Backstepping Control Based Coordinated Control of Aggregated Thermostatically
Controlled Load and Generator Excitation

YU Yang', LU Jianbin', XIE Renjie', MI Zengqiang®, JIA Yulong®, ZHANG Rang*
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Abstract: Coordinated control of thermostatically controlled loads (TCLs) with energy storage characteristic and generator
excitation enables to achieve multi-index regulation of power angle, frequency and voltage in power system. Firstly, the
descriptions of bi-linear aggregated TCLs model and generator excitation model are integrated to derive an overall mathematical
model. Then, based on backstepping control theory, the control strategy coordinated aggregated TCLs with generator
excitation is proposed, and the stability of the controller is proved in theory. In allusion to the problem of " calculation
explosion" in the design of the controller, a hyperbolic tangent based nonlinear differential tracker is devised to estimate the
differential reference value of excitation voltage that reduces the calculation work. Finally, the control algorithm is verified by
various cases, and the simulation results show that power angle, frequency and voltage of the system enable to track their
references rapidly and correctly with the aid of the proposed coordinated controller. In comparison with the power system
stabilizer in traditional excitation control, dynamic responses of state parameters through the controller are improved effectively
and the stability of the system is enhanced with the participation of TCLs.
This work is supported by State Grid Corporation of China (No. KJGW2018-014).

Key words: aggregated thermostatically controlled loads (TCLs); generator excitation; backstepping control; coordinated

controller; multi-index control
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