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Abstract; For flight attitude control problem affected by nonlinear property of hypersonic vehicle,
the influences of nonlinear factors which are driving space, stiffness, friction torque in the electric
servo mechanism are analyzed in this paper, and the definition and generation conditions of limit
cycle caused by the backlash are also discussed. For the problems of limit cycle oscillation and the
airfoil intensified oscillation with large inertia caused by driving space, a system backlash limit cy-
cle gap model and nonlinear vibration model are established, and the backlash compensator meth-
ods are proposed. This paper focuses on the influence of backlash, airfoil moment of inertia, servo
stiffness and disturbing force to servo mechanism system. Based on increasing backlash compensa-
tor by controlling inner ring, the design method of accelerated negative feedback is introduced to
the outer ring, solving jitter problem in large inertia system, and the simulation and experimental
results demonstrate that this theory is correct.
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Fig. 1 The open-loop frequency characteristic curve
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Fig. 2 The negative curve in the complex plane
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Fig. 3 The schematic diagram of feed forward compensator
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Fig. 4 The system step response
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Fig. 5 The servo stiffness simulation
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Fig. 6 The variable structure servo stiffness simulation
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Fig. 7 Rated load torque traces with no inertia
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Fig. 8 Rated load torque traces with rated inertia
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Fig. 9 25° impulse response curve on rated inertia
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Tab. 1 The different control frequency position error on 0. 3°
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