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This study examines the design technology of searchlight optics featuring narrow beam angles and high luminous intensities.
Halogen and xenon lamps, which are conventional searchlight sources, are vulnerable to vibration and shock, and are large and
heavy, making them difficult to transport. In addition, the parabolic mirror located at the rear of the searchlight has the
disadvantages of poor performance and low light efficiency, due to the assembly error produced during manufacturing. To solve
this problem, a 1-kW halogen lamp is replaced by a 150-W high-power COB LED, and a high-efficiency TIR lens is designed
to meet the target performance. Afterward, the TIR lens array is proposed to solve the surface error generated during optical
injection. After a prototype is manufactured based on the designed optical system, the optical performance is confirmed to be
excellent, by comparing it to that of a commercial halogen-lamp searchlight.
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Table 1. Optical performance specification of searchlight

Rated power | Max. luminous
Type . . Full beam angle [°]
[W] intensity [cd]
20 500 2.5x10°
30 1,000 8.0 x 10° Diffusion type: 6°
40/50 | 1,000/ 2,000 1.8 x 10° Concentration type: 2°
60 3,000 4.0 x10°

Table 2. Light distribution measuring distance

Type Measuring distance [m]
20 10
30 15
40/ 60 20
X type 50 70

Table 3. Specifications of reflectors

Inside diameter | Outside diameter Focal length
Type
[mm] [mm] [mm]
20 200 220 100+5
30 300 330 150+5
40 400 430 200+ 5
50 500 530 250+5
60 600 640 250+ 5

Fig. 2. Simulation results of the parabola reflector and the halogen

lamp. (a) Halogen lamp. (b) Parabola reflector. (c) Intensity slice

chart.
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Fig. 3. Analysis of the parabola reflector and LED.

Table 4. Specification of the CSP chip

A B C
Size 13x13 1.6 x 1.6 1.8 x 1.8
Forward current (If) 350 mA 350 mA 350 mA
Max. current 650 mA 1,000 mA 1,500 mA
Max. power 22 W 36 W 4.6 W
Flux @ I¢ >140 Typ. 140 >150
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Fig. 4. Optical properties of the C-type CSP chip.
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Fig. 6. Controlled surfaces according to the divergence angle. (a)
Refractive surface (0°< 6, <40°). (b) TIR surface (40° < 6, <90°).
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Fig. 7. l-module TIR lens. (a) COB LED. (b) TIR lens. (c)
Intensity slice chart.
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Fig. 9. Surface error of the TIR lens.
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Fig. 10. (a) Peak-to-valley. (b) Peak-to-valley points of the TIR
lens.
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Fig. 11. Performance analysis by diameter. (a) Luminous intensity
variation. (b) Full beam angle.
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Fig. 12. 3-module TIR lens. (a) COB LED. (b) TIR lens array.
(c) Intensity slice chart.
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Fig. 13. 6-module TIR lens. (a) COB LED. (b) TIR lens array.
(c) Intensity slice chart.
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Fig. 14. 10-module TIR lens. (a) COB LED. (b) TIR lens array.
(c) Intensity slice chart.

Fig. 15. 3-module TIR lens searchlight prototype. (a) Mold-injected
TIR lens. (b) Searchlight prototype.
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Table 5. Evaluation results of commercial products and prototypes

Reflector searchlight TIR searchlight
(1 kW halogen lamp)| (150 W COB LED)

Measuring distance

15 15
[m]
Max. lumi
. Juminous 403,054 818,735
intensity [cd]
Full beam angle [°] 5° 4°

(Test Results)

REPORT No. : KOPTI-TL18-1345

3. Test Result

1) Max. Luminous intensity

TEST ITEM UNIT RESULT
Maz.Luminous cd 518 735
intensity
2) Beam Angle
TEST ITEM UNIT RESULT
Beam Angle - 4
(Horizontal)

Fig. 16. Prototype evaluation report.
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