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ARTICLE INFO ABSTRACT

Article history: The exit surface of a lens is designed using a three-dimensional free-form
Received 6 April 2017 expression in order to easily modify a curved surface. This enables the design of
Revised 29 May 2017 numerical values and mathematical things using three-dimensional free-form
Accepted 1 June 2017 expression, and enhances precision because it can be fine-tuned via numerical
control. The standard of “Classification of Luminaire Light Distribution” for
Keywords: outdoor lighting fixtures by IESNA is adopted in order to examine the correlation
LED between three-dimensional free-form surface expression and lighting performance.
Lens The variation of light distribution type and range is analyzed using the values of
Free-form surface maximum light intensity and 50% light intensity. The actual tolerance occurs
IESNA owing to parameters such as the thickness of the lens, the distance between LEDs,
LCS and the movement of the center of the incident surface; the effects of changes in

Asymmetric these parameters on the performance are compared and analyzed.
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Table 1 Lateral & Transverse light distributions

Distribution MH LRL Distribution MH TRL
type range
Type 1 HS 1.0~SS 1.0 Very short 1.0
Type II SS 1.75
Short 1.0~2.25
Type 1II SS 2.75
Medium 2.25~3.75
Type IV SS 2.75~6.0
Type v Symmetric Long 3.75~6.0
. Maximum
180 Luminaire \_92 / Candlepower fai:fal
Long
Distribution (L) i ~6 MH TRL
| Medium | i 3.75 MH TRL
Distribution (M)/ . 2.25 MIH TRL
Short | d 1.0 MH TRL
Distribution (S) 2.75 MH LRL
R 1.75 MH LRL
. Reference Line — | RIARILS
House Side Vertical Street Side

Fig. 2 Vertical, lateral light distribution boundaries on a rectangular
coordinate grid (ANSI/IES RP-8-14)
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Table 2 Simulation condition

Simulation property Value
Source size &34 mm
LED Photometric flux 10,000 Im
Light distribution Lambertian

Lens Material PMMA
Receiver Bin angular resolution 2 degrees
Photometry IES type C
Simulation Total ray to trace 80,000,000

(a) X-Z Plane

(b) Y-Z Plane

(a) X-Y Plane (d) Isometric view

Fig. 4 Shape of Type II - Medium lens
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(a) A : Distance between LEDs, B : Thickness of lens

(b) C : Movement of the center of the incident surface

Fig. 9 Shape & variable of Type II - Medium lens
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Fig. 10 Vertical angle and lateral angle of maximum candela
(variable A)
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Table 3 Simulation results of variable A

Variable Lateral angle Viftiz;?umh/f::d:;idela

A © | ange® | @ | MTTRE
-2.0 82 72 4,257 3.05
-1.5 90 74 4,250 3.49
-1.0 90 74 4,278 3.49
-0.5 86 74 4,283 348

0 86 74 4,276 348
+0.5 88 76 4,312 4.01
+1.0 88 76 4,306 4.01
+1.5 88 76 4,315 4.01
+2.0 88 78 4,325 4.70
+2.5 58 58 4,350 1.36
+3.0 58 58 4,389 1.36

Variable 50 % Maximum candela

A Lateral angle (°) |Vertical angle (°) MH LRL
-2.0 50 66 1.44
-1.5 50 66 1.44
-1.0 50 66 1.44
-0.5 70 76 1.37

0 72 80 1.75
+0.5 78 84 1.75
+1.0 74 82 1.96
+1.5 76 84 2.30
+2.0 76 84 2.30
+2.5 44 58 1.15
+3.0 44 58 1.15
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Fig. 11 Maximum candela & MH TRL of maximum candela &
MH LRL of 5 0% max candela (variable A)
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Fig. 12 Vertical angle and lateral angle of maximum candela
(variable B)
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Fig. 14 Vertical angle and lateral angle of maximum candela
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Table 4 Simulation results of variable B

Varizble Lateral angle Vz/rlzz;l?uml\::zd:zdela

i O | age | @ | M
2.5 56 60 4,692 1.44
-2.0 56 60 4,605 1.44
-1.5 56 60 4,495 1.44
-1.0 56 60 4,396 1.44
-0.5 56 60 4,264 1.44

0 86 74 4,276 3.48
+0.5 90 68 5,712 2.48
+1.0 88 66 5,781 224
+1.5 90 66 5,910 2.25
+2.0 90 66 5,991 2.25
+2.5 90 64 6,011 2.05

Variable 50 % Maximum candela

B Lateral angle (°) |Vertical angle (°)] MH LRL
2.5 52 66 1.38
2.0 52 66 1.38
-1.5 46 58 1.11
-1.0 72 78 1.45
-0.5 72 80 1.75

0 72 80 1.75
+0.5 50 62 1.21
+1.0 50 60 1.11
+1.5 74 74 0.96
+2.0 72 72 0.95
+2.5 72 72 0.95
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Table 5 Simulation results of variable C

Maximum candela
Varicable Lateral angle| Vertical [Max. candela
€ | age) | @ | TR
-5.0 82 76 4,388 397
-4.0 82 76 4,372 397
-3.0 84 74 4,350 347
2.0 86 76 4,340 4.00
-1.0 88 76 4,340 4.01
0 86 74 4,276 3.48
+1.0 88 74 4,259 3.49
+2.0 90 74 4,236 3.49
+3.0 84 76 4,220 3.99
+4.0 84 76 4,187 3.99
+5.0 82 76 4,160 397
Variable 50 % Maximum candela
C Lateral angle (°) |Vertical angle (°) MH LRL
-5.0 48 70 1.84
-4.0 72 82 2.20
-3.0 48 68 1.66
-2.0 72 82 2.20
-1.0 78 84 1.98
0 72 80 1.75
+1.0 76 82 1.72
+2.0 46 58 1.11
+3.0 74 76 1.11
+4.0 78 80 1.18
+5.0 48 56 1.00
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MH LRL of 50 % max candela (variable C)
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