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Structure and Control System Design for
Two Axes Horizontal Coarse Tracking Frame

KANG Yongbin, Al Zhiwei, CHEN Zhenrong, LI Jing
(Guilin University of Aerospace Technology, Guilin 541004, China)

Abstract: A two-axis horizontal frame coarse tracking was designed using the application requirements of
space debris capture systems. A PI speed loop control method based on closed-loop acceleration was proposed
to realize closed-loop high bandwidth control and high-precision tracking accuracy. First, the horizontal coarse
tracking frame was designed based on the beam propagation path and geometric load size requirements. The
model of the single-axis structure was simplified, and a dynamic equation for the simplified model of the
damping stiffness of the two-dimensional single axis was established. Subsequently, vibration analysis was
performed to determine the resonance frequency, locked rotation frequency, and main structural parameters of
the tracking frame. Third, a double closed-loop control system with velocity and acceleration feedback was
designed, and the parameters of the control system were determined. Finally, a performance test of the control
system was conducted. The results showed that the control system meets the performance demands. The
bandwidth of the control system was 28.2% greater than that of the PI speed loop control system. The PI speed
loop control system based on closed-loop acceleration improved the adjustment time by 78.6% and reduced
the overshoot by 94.08%. The PI position loop control system based on closed-loop acceleration had an
adjustment time of 0.085 s and an overshot of 11.66%, which exhibited a small tracking error and strong anti-
interference ability.
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Table 1 Tracking frame design index requirements

Index Parameters
Weft axle load /kg 50
Weft bandwidth/Hz 10
Beam load/kg 100
Beam bandwidth/Hz 8
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Fig.1 Two-axis horizontal frame coarse tracking device
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Table 2 Tracking frame parameter index

Symbolic  Parameter )
Parameter meaning

parameter  values

Ji 0.39 Motor moment of inertia

J2 18 Minimum moment of inertia of load
k 3017.7 Motor and load connection stiffness
. 0.707 Motor and load connection damping

coefficient
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