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Design of Ultra-thin Direct-down LED Panel with Tapered Optical
Elements Based on Taguchi Method
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Abstract: An ultra-thin direct-down LED panel model with tapered optical elements was proposed to cover
the shortcomings of large thickness and light density of the direct-down LED panel light. The diffuse
reflection backboard and the reflective cone structure in this model can increase the LED light mixing
distance and improve light uniformity. Using the idea of dividing unit, a hexagonal light source is used as
a unit to study in Taguchi method by designing orthogonal experimental group. With the Tracepro
software simulation, the five factors influencing light uniformity and efficiency are taken into
consideration, including the radius on upper and lower surfaces of the truncated cone element, thickness,
height and LED spacing of the hexagonal light source. Apply ANOVA theory to analyze the impact of
those factors on the quality, then optimize the structure parameters of the light. And ultimately, a direct-

down LED panel light with the thickness of only 15 mm, the light uniformity up to 95. 3% and the light
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efficiency up to 92.97% , are designed.

Key words: Panel lights; Non-imaging optics; LED; Taguchi; ANOVA
OCIS Codes: 220.3620; 220.4298; 080.1753; 080. 2720
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Fig. 3 Tapered optical element structure and its parameters
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Table 1 Factors and its control levels
Symbol Name of factors Quantity of levels Level 1 Level 2 Level 3
A Radius of lower surface »/mm 3 0. 25 0.3 0. 35
B Radius of upper surface R/mm 3 5 6 7
C Thickness of the element d/mm 3 2 2.5 3
D Altitude from LED to lower surface 2/mm 3 0.3 0.5 0.7
E Distance between LEDs //mm 3 25 30 35

S/ N B K bty oA P A A A b B B AR I A
BRI 252 20 S WA TE 507 k- 1) B ORRR 1 L BRI
ot AT K R+t AR i 5 P ) AR BIL BE T R OK 5
2) B/ G iy TR A R A 0 A T
BN RE N .

P il R+ B4 50 B RIDE280%  ORB  [A

R R R PE AT I3 AR A

IOlgié
i=1 i

LTB(S/N)=— (6)
Py BN T A b BURETE S0 O SEH UCRL
MRG0 LI 4528 TR A T S/N i, W&

2. 2% JKME X N B 38 ) BEFOLRCR B S/ N (LA 8.

F®2 KAL:s HEXRIWRITRER
Table 2 L5 (37 ) orthogonal test table and results

. . Illumination Energy S/ N of illumination S/N of
Code A B C D E : ) . . . .
uniformity/ % efficiency/ % uniformity energy efficiency

1 1 1 1 1 1 91.12 92.16 39.19 39. 29
2 1 2 2 2 2 95. 85 92.87 39.63 39. 36
3 1 3 3 3 3 89.52 93. 30 39. 04 39. 40
4 2 1 1 2 2 91.48 93. 24 39. 23 39. 39
5 2 2 2 3 3 96. 02 93.63 39. 65 39.43
6 2 3 3 1 1 92.18 91. 27 39. 29 39. 21
7 3 1 2 1 3 94. 84 93. 64 39. 54 39.43
8 3 2 3 2 1 96. 85 93.59 39.72 39.42
9 3 3 1 3 2 93. 64 91. 04 39.43 39.18

10 1 1 3 3 2 91. 38 95. 45 39.22 39. 60

11 1 2 1 1 3 87.37 92. 86 38.83 39. 36

12 1 3 2 2 1 89. 83 91. 05 39. 07 39. 19

13 2 1 2 3 1 92.57 94.63 39. 33 39.52
14 2 2 3 1 2 93.18 93.08 39. 39 39. 38

15 2 3 1 2 3 88.07 90. 28 38.90 39.11

16 3 1 3 2 3 92.18 95. 14 39.29 39.57

17 3 2 1 3 1 87.21 94,72 38. 81 39.53

18 3 3 2 1 2 91. 20 90. 44 39. 20 39.13
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Table 3 Contribution of different factors to illumination
uniformity and energy efficiency

Contribution to Contribution to

Symbol illumination uniformity energy efficiency
A 14.37% 1.24%
B 16.79% 65.87%
C 56.35% 12.55%
D 2.45% 18.78%
E 10.03% 1.56%
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