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Design and fabrication of a high power LED searchlight

Se-Jin Kim' - Sun-Jae Kim? - Hee-Ju Ha® - Gyung-Suk Kil " - Il-Kwon Kim*
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Abstract: This paper dealt with a retrofit high power LED searchlight to replace conventional 1kW halogen
searchlights. The design specification meets KDS 6230-1046-1 and KS V 8469. An optical lens with the
beam angle of 6° was used to meet the luminous intensity of 800,000cd at 0° in horizontal line. Heat dis-
sipation of the LED searchlight adopted a free air cooling type which does not use a fan or a heat-pipe.
From the test results, power consumption of the prototype LED searchlight was 148W which was saved by
85% comparing a halogen searchlight of 1kW. Luminous intensity was 945,000cd at 0° in horizontal line, sat-
isfying KS V 8469. Luminous efficacy was improved by 4.7 times higher than that of the halogen
searchlights. Beam angle, color temperature, and color rendering index(CRI) was 5.4°, 5500K, and 70,
respectively. Surface temperature of the LED searchlight was below 60°C and surrounding temperature of the
SMPS installed inside was below 50C which were satisfied with the IEC 60092-306.
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(@) Halogen lamp

(b) Searchlight
Figure 1: Photographs of a halogen searchlight
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Table 1: Performance comparison of light sources

Parameter Luminous ifeti
Light source e[ffnl](;?/\c/{ Ll[LertslTe
Incandescent lamp 10 ~ 15 1,000
Halogen lamp 15 ~25 3,000
LED package 100 50,000
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Table 2: Types of the searchlights

Rated
Class | Types Rated voltage[V]
power[W]

C 20 500

D 30 1,000

E 40 1,000 100, 110, 115, 120

or

or 50 220 or 440
2,000

X 60 3,000
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Table 3: Performance requirement specified in the

2 LED

standards
Parameters Requirements
500W 2.5 x 10°%d
8.0 x 10%d
1kw
Max. luminous (KDS 5.0 x 10°cd)
intensity
(at 0°) .
2kw 1.8 x 10°cd
3kW 4.0 x 10%d
Protection IP56
Up : Over 45°
Moving angle Down : Over 30°

Turning : Over 180°
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Figure 2: Principle of optical solid angle
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Table 4: Specification of a LED package

Lumi
nous Vs Beam
Model | ST | cri| flux | M | angle
K [Im] F]
@1A
XP-G2 5,000 70 | 338 ‘ 3.05 115

Figure 3: Luminous distribution of the LED pack-
age with the lens
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Table 5: Simulation conditions

Thermal ) )
Material du%?inv-ity E)ngn?;\cl)nlmﬁl
[Wim-k]
Al 100 323.0 x 323.0 x 3.0
Heatsink 100 210.0 x 210.0 x 45.0
PCB 105 305.0 x 305.0 x 25
LED (solder) 65 33 x13x018

Table 6: Fin size of heat sinks

. Height Thickness Gap
Material [mm] [mm] [mm]
Model 1 45 5 15
Model 2 45 3 10
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Figure 4: Design of heat sinks

(b) Model 2
Figure 5: Simulation results of heat sinks
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(b) Side view

Figure 6: Photographs of the prototype LED search-
light
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Table 7: Electrical characteristics of the prototype
searchlight

Power
m’]-
Input Output anp- P.F.
tin

W]

Voltage | Qurent | Voltage | CQument
[Vac] | [MA] | [Voc] | [A] 148 0.95
220 | 707 | 967 14
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Figure 7: Goniophotometer system
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Figure 8: Comparison of luminous intensity

Table 8: Comparison of optical characteristics

Parameters Requirenents | Halogen LED
Central luminous
intensity[cd] 800,000 390,000 945,000
Luminous flux[Im] - 18,300 12,877
Luminous effi-
cacy[Im/W] - 18.3 86.9
Beam angle[°] 6 \Ii\gr?gt;rt]hlg 5.4
CCTIK] - 3,000 5,500
CRI - 99 70
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Figure 10: Measurement of surface temperature
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