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Experimental evaluation of a large aperture Fresnel lens system
for the plastic optical fiber coupling with solar-concentrated light
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Abstract

An optical fiber lighting system using a Fresnel lens and plastic optical fiber was investigated for sunlight

condensation. The coupling efficiency of the Fresnel lens to the optical fiber was evaluated in experiments and calculations.

As a result, it has been found that the chromatic aberration of the lens does not cause a significant reduction in the efficiency

and the unique groove structure of the Fresnel lens requires though evaluation in the selection process.

A coupling

efficiency of about 50% was obtained by using a large diameter Fresnel lens of ¢ 300 mm.
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Fig.1 : Cross sections of a normal and Fresnel lens.
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Tablel : Lenses to be evaluated

. Focal Density
Dia. Shape
Length NA of Step
[mm] of Step
[mm] [/mm]
Lens® | 254 300 0.39 A 2
Lens® | 254 170 0.60 VAN 4
Lens® | 300 1200 0.12 A 9
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Table2 : Coupling efficiency of lenses to be evaluated

Position of Fiber Coupling
Rate[%]
z¢[mm]
Lens@ 299 99
Lens@ 169 100
Lens® 1200 26
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Fig.2 : Optical branching by the steps
(a) Optical branching in the theoretical step and (b)
the branching in the product step
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Table3 : Optical branching and coupling efficiency

Number of Step Coupling Rate[%]
Lens@ 254 86
Lens@ 508 37
Lens®) 1350 99
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Table 4: Examples of plastic and quartz fibers

Plastic Fiber Quartz Fiber
Maximum Core | ~¢ 3mm ~¢ 1lmm
Diameter
NA ~0.6 ~0.22
Operating -55~85°C -40~100C
Temperature
Attenuation ~0.19dB/m <0.01dB/m
Bending radius | ~75mm ~220mm
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Fig.3 Condenser system for sunlight
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Fig.4 Photographs of the condenser system
(a) Overall view of the apparatus (b) Fine
adjustable mechanism installed at the focal

position
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Fig.5 Illuminance of sunlight( J ) and
transmission rate(A) of outgoing light (O)

from the fiber
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