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Design of Compact Double Freeform Surface Lens with Uniform
Illumination for Extended Light Source

Duan Wenju', Piao Mingxu"”, Quan Xiangqian®’, Zeng Yi'
'School of Opto-Electronic Engineering, Changchun University of Science and Technology, Changchun 130022,
Jilin, China;

‘Institute of Deep-Sea Science and Engineering, Chinese Academy of Sciences, Sanya 572000, Hainan, China

Abstract In order to solve the problems of low energy utilization, large lens size, and non-uniform illumination of
existing lighting systems with the extended light source, according to the non-imaging optical marginal ray principle, this
paper proposes a double freeform surface design method suitable for the extended light source and utilizes the angle
difference formed by the refraction of the left and right marginal rays of the extended light source through the lens to control
the illuminance distribution in the target plane. According to the design parameters, this paper calculates discrete points in
the internal and external freeform surfaces, fits the contour curves of the internal and external freeform surfaces, and
obtains a rotationally symmetric double freeform surface lens. In the case that the ratio of lens height to light source
diameter is only 2, the paper adopts this method to design a double freeform surface lens with high energy utilization and
high uniformity after numerical calculation and optical simulation. The energy utilization of the near-field double freeform
optical system is 99.52% , and the illuminance uniformity is 95. 81%; the energy utilization of the far-field double freeform
optical system is 99. 12%, and the illuminance uniformity is 93. 45% . The research results show that the proposed method
will guide the design of lighting systems with extended light sources.

Key words optical design; extended source; non-imaging optics; double freeform surface lens; uniform illumination
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Table 1 Design parameters in near field
Parameter Value
Diameter of the source D /mm 1
Distance of target plane H /mm 25
Radius of target plane R /mm 25
Refractive index of lens 7 1.59102
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Simulation results on target plane 25 mm away. (a) System ray tracing and (b) simulation result of single freeform lens;

(¢) system ray tracing and (d) simulation result of double freeform lens
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Table 2 Design parameters for far field illumination

Parameter Value
Diameter of the source D /mm 10
Distance of target plane H /m 10
Radius of target plane R /m 10
Refractive index of lens 7 1. 59102
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