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Design of Natural Optical Fiber Illumination System Based on
Lightguide Plate Concentrator
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Abstract In this study, a natural optical fiber illumination system is proposed based on a lightguide plate
concentrator to maximize the utilization of solar energy. Further, the energy in the invisible band is converted into
electricity using the spectral module for driving the LED array in the compensation system. Thus, a stable lighting
energy output can be obtained under various weather conditions. A simulation software is used for light tracing, and
the obtained results denote that approximately 60% of the total luminous flux in case of an indoor area of 100 m* and
lighting for 12 h can be supplied by solar energy. Subsequently, a lightguide plate concentrator system is developed
and tested via concentration experiments for developing a natural optical fiber illumination system to further verify
the feasibility and accuracy of the proposed system. When the number of light collection modules increase from 10 to
100, the optical efficiency of the concentrators decreases from 83.6% to 65.1% . The variation trend of the output
illuminance of the optical fiber is consistent with the input irradiance of the solar during the biaxial tracking test for
optical fiber illumination system at outdoor, indicating the good light gathering performance of the proposed
system.
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Fig. 1 Structure of indoor natural light illumination system
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Fig. 2 Clipping process of light collection module. (a)
Double paraboloid structure; (b) structure is
obtained by removing outer edge of double
paraboloid structure and spherical part from lower
surface; (c¢) height change of light collection

module
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Fig. 3 Other optical elements in the system. (a) Visible light are transmitted and invisible light are reflected to photovoltaic

cell by PBS; (b) five LEDs are bonded with lightguide plate entrance; (c) fiber beam are coupled into lightguide

plate
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Table 1 Solar illuminance and calculated indoor luminous

D)

flux at different times

Time E /(10" 1x) F /(10" lm) F,,/(10" Im)
6:00 AM 2.0 2.500 0.58
7:00 AM 4.5 5.625 1.28
8:00 AM 8.0 10.000 2.32
9:00 AM 11.0 13.750 3.14

10:00 AM 13.0 16.250 3.78
11:00 AM 14.0 17.500 4.01
12:00 PM 15.5 19.375 4.43
13:00 PM 17.5 21.875 5.00
14.00 PM 16.0 20.000 4.56
15:00 PM 11.5 14.375 3.39
16:00 PM 7.5 9.375 2.14
17.00 PM 3.5 4.375 0.99
18:00 PM 1.0 1.250 0.28

1422001-4



~ (a) (b) total luminous flux
E 6 6 A sunlight luminous flux
=] - LED luminous flux
w bl E 51 - o
=5~ -5 & -
2EH! g
R 34
2T 2
H =] 3F
g . :
= ~—~ £ 2r
Hos i T il
2850 - 5.0n14:007 " = 1r
TIZIC]Q) 2.0 154 . ,,870010:0012.00 ik
S iy 1.0 6:00 & Time AV BV BV BV BY BV BV B BV BV BY) BY) &)
m 7:00 9:00 11:00 13:00 15:00 17:00
Time

Bl 5 St i A8, Ca) 7S ] B 22 B S S M J5E B2 X 2 P S 3 ik A9 2 0 5 () ply IR FESEAT LED 6 I 7 51 4 43 ) o't 4 2
W SO B

Fig. 5 Changes of luminous flux. (a) Effect of different times and lightguide plate thickness on indoor luminous flux;

(b) luminous flux provided by sunlight and LED light source and received total luminous flux
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Fig. 6 Effect of different parameters on optical concentration ratio. (a) Light collection module width;

(b) parabolic coefficient
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(a) Calm weather; (b) cloudy weather
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