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Abstract

Highway tunnels, interchanges and other special locations need lighting. With the rapid devel-
opment of highway construction, the number and mileage of these special locations are also in-
creasing, resulting in the huge electric demand and cost of lighting, which brings great difficul-
ties to highway operation. How to design the self-serving lighting control system based on the
characteristics of the highway and improve the self-sufficiency of the highway lighting power
supply is the key. To solve this problem, an energy-saving lighting control system for special lo-
cations of expressways is designed. By using the wind energy brought by high-speed vehicles
and the improved vertical axis wind turbine power generation device, wind power generation
free from weather constraints in narrow space is realized, and the self-sufficiency of express-
ways lighting is improved. The system is combined with the general lighting power supply sys-
tem, supplemented by photovoltaic power generation according to the application scenarios,
which not only further improves the self-serving function of the highway, but also ensures the
uninterrupted work of the lighting system under various conditions. The designed system has
the characteristics of simple implementation, low cost, small occupancy space and remarkable
energy-saving effect. Taking the expressway tunnel as an example, the project is estimated to
save 3.52 billion yuan per year in tunnel lighting electricity charges. This project has good social
benefits and great promotion value.
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Figure 1. System composition structure diagram
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Figure 2. Horizontal axis wind power generation device
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Figure 3. Vertical axis wind power plant
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Figure 4. Traditional vertical axis wind turbine fan blade
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Figure 5. Optimized fan blade diagram under 3D modeling
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Figure 6. Optimized fan blade of 3D printing
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Figure 7. Sampling circuit diagram of DS2780
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Figure 8. OLED display showing the percentage of battery charge
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Figure 9. GY-30 photosensitive module
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Table 1. Standard road brightness values for road lighting”
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Figure 10. Wind power generation and photovoltaic power generation module
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Figure 11. Rectifier module
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Figure 12. Constant voltage cross flow module
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Figure 13. Battery module
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Figure 14. Overall system model diagram
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Figure 15. Simulation model of three-phase uncontrolled rectifier bridge
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Table 3. Parameters of vertical axis permanent magnet synchronous wind power generation system
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