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Abstract
In response to the structural limitations and insufficient power generation efficiency of traditional
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photovoltaic (PV) support systems, this paper proposes an innovative PV support system that inte-
grates flexible structures with active tracking functions, achieving efficient adjustment of the PV
panel’s angle. The research is based on a flexible steel cable structure, innovatively designing a com-
posite structure of crossbeams and central rotating shafts, combined with thrust bearings and deep
groove ball bearings, effectively overcoming the axial load caused by the cable pretension force (up
to 120 kN), significantly reducing the required driving torque of the rotating mechanism; and inte-
grating a flipping mechanism with a worm gear and worm drive system, solving the compatibility
issue between the flexible cable structure and angle adjustment, enabling +50° stepless adjustment
of the PV panel. The use of prestressed steel tie rods ensures the system’s reliability under a 120 kN
cable force and a 45° inclination angle (maximum stress 235 MPa, below the yield strength of Q355).
PVsyst simulation results show that the tracking flexible system in Tianjin has an annual radiation
reception increase of 9.88% and 4.48% compared to the 10° and 35° fixed systems, respectively, and
an annual power generation increase of 10.79% and 4.5%. This study provides key technical sup-
port for the realization of tracking functions in flexible PV support systems, and its structural opti-
mization method can be extended to other large-span adjustable structure fields.
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Figure 1. Classification of photovoltaic support structures
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Figure 2. Comparison of fixed and tracking photovoltaic support structures
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Figure 3. The framework of the tracking flexible photovoltaic support structure
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Figure 4. Demonstration of the connection of beams, columns and cables
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Figure 5. Steel cable connection diagram
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Figure 6. Force direction diagram
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Figure 7. Composite load-bearing structure of beam and central axis
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Figure 8. Drive and transmission system diagram
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Figure 9. Transmission system and direction diagram
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Figure 10. Meshing
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Table 1. Component material list of the tracking flexible photovoltaic support structure
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Figure 11. Apply load
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Figure 12. Photovoltaic support stress map
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Figure 13. Column stress map
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Figure 14. Central axis stress map
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Figure 15. Beam stress map
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Figure 16. Load-stress relationship diagram (15°)
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Figure 17. Load-stress relationship diagram (25°)
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Figure 18. Load-stress relationship diagram (35°)
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Figure 19. Load-stress relationship diagram (45°)
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Figure 20. The relationship between the displacement at the top of
the column and the angle
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Figure 21. The relationship between the displacement at the end of
the beam and the angle
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Figure 22. The Tracking flexible photovoltaic system
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Figure 23. A certain photovoltaic system in Tianjin (35°%)
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Figure 24. Comparison of monthly radiation variation trends
between fixed (10°) and tracking types
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Figure 25. Comparison of monthly power generation trends
between fixed type (10°) and tracking type
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Figure 26. Comparison of monthly radiation variation trends be-
tween fixed (35°) and tracking types
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Figure 27. Comparison of monthly power generation trends between
fixed type (35°) and tracking type
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