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摘要 

针对刚体航天器存在未知惯量参数、推力器故障以及控制受限的姿态控制问题,提出了一类自适应变结构容错控制方法,显式地引入推力器输出的

饱和幅值,以确保控制输出在其要求界的范围内;同时,引入控制参数在线自适应调整技术,提高了控制律对参数、干扰以及故障变化的自适应能力;

对设计者而言,推力器故障信息不需要进行在线检测和分离。此外,进一步考虑存在推力偏差对系统性能的影响,设计控制器参数使得闭环系统对这

类推力偏差具有L2增益稳定性。最后,将设计的控制器应用于航天器的姿态机动控制,仿真结果表明该控制器能有效地抑制外部干扰、参数不确定

性和推力器各种故障的约束,在完成姿态机动的同时,保证其控制输出满足饱和受限界的要求。 
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Abstract： 

A novel fault tolerant attitude control system is investigated for a rigid spacecraft with redundant thrusters, in which 

unknown inertial parameters, thruster faults, control input saturation and even external disturbances are explicitly 

considered simultaneously, and the control torque is limited in one established scope via thruster output saturation 

function which is explicitly introduced. More specifically, in this proposed control scheme, the control parameters are 

adjusted dynamically by online adaptive control technique in such a fashion that no fault detection and isolation 

mechanism is required in advance, and only the remaining active thrusters are assumed to be able to produce a 

combined force sufficient enough to allow the spacecraft to perform the given operations within the saturation 

magnitude. Moreover, the effect of the thruster force magnitude deviation is analyzed and the system performance is 
evaluated by L2 gain from this magnitude deviation to the penalty output, and Lyapunov stability analysis shows that 

the resulting closed-loop system is proven to be stable. Finally, numerical examples are also presented to demonstrate 

that the control algorithms developed are not only robust against external disturbances and parameter uncertainties, 

but also able to accommodate thruster failures under limited saturation value.
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