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Application and effect analysis of LED luminaires for naval vessels
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Abstract: This paper dealt with electrical and optical requirements of naval vessel’s LED luminaires. And the products have
been tested to determine whether the products meet these requirements or not. This study analyzes the cost-effectiveness of the
LED luminaires which have been implemented for the application to naval vessel since 2012. The LED requirements were pro-
posed based on comparison among other standards/specifications such as Korean Industrial Standard(KS), Korean Defense
Specification(KDS) and US Navy Military Specification(MIL). Application of the proposed requirements were then be verified
by analyzing and testing the electrical and optical characteristics of both fluorescent Luminaires and LED luminaires, and the
LED luminaires were installed to Al naval vessels according to the proposed requirements. As results, approximately 40% of
power consumption was saved by using LED luminaires compared to using fluorescent luminaires while luminous flux was in-
creased by 10~15%. Moreover, using LED luminaires of the proposed requirements exhibited the effect of reducing approx-
imately 4,900 fluorescent luminaires in 10 naval vessels in the time period between 2012 to 2015, which is equivalent to cost
reduction of ¥0.56M approximately. Such cost reduction is further expected considering the LED luminaires will continue to be
applied to naval vessels in the future.
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Figure 1: Fluorescent luminaires for naval vessels

Table 1: Electric specifications for fluorescent luminaires

Tvpe Electric specifications
P [V] [ [mA] [[Hz]| PE_[ [W] [ [im]
clear 2 220 | 2753 | 60 | 0.875 53 1,855
3 220 | 411.5 | 60 | 0.896 | 81.2 | 2,567
. 2 | 220 | 2753 | 60 | 0.875 | 53 | 1,671
milky
3 | 220 | 411.5 | 60 | 0.896 | 81.2 | 2,338

Table 2: Optical specifications for fluorescent luminaires

Optical specifications
Type 0x] | [ed] Color 1 a1 Angle[°]
Temp. [K]
clear 2 4,045 | 608.2 | 5039.4 | 81.1 115
3 4,687 | 704.9 | 5289.3 78.5 115
milky 2 3,983 599 4877.6 81.9 115
3 5,012 | 753.7 5213 79.3 115
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(a) Clear (2 lamps)

(c) Clear (3 lamps)

(b) Milky (3 lamps)
Figure 2: Beam angle for fluorescent luminaires (2, 3
lamps)
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Table 3: Comparison of standards Table 5: Requirements for LED luminaires
Contents KS C 7653 KDS MIL-Spec Contents Requirements
Label O O O Label Information for product
Rated Current O O o Exterior Drawing agreement and frame
Protection @) - - Electric
Outline O O O . Electric protection
; Protection
Insulation 4[ML] 20[M&2] leakage Max. Increase
High volt 1,500[V] 1,500[V] 1,000[V] Maximum increase temperature
Light Spec O O - Leimp.
ET_5pec. Harmonic +10[%]
EMI/EMC KS MIL-461 MIL-461 Power
Strength O - - . rated power consumption +10[%]
P O O O Consumption
Ground Ground below 10[A] @12[V]
Resister 0.1[<] 0.1[<] 0.1[<] volt drop below 0.25[V], 0.1[2]
Humidity 0O i} i} In.sulation over 20[MQ] @500[_VDC]
Heatproof High Volt 1,500[VAC] Imin
Fi ¢ Rated Volt MIL-STD-1399 300B
1reproo O R - Power Fail Smin 3times normal conditions
Track_ EMI/EMC MIL-STD-461
Resistance Strength 30N, 0.5]
Increases High Temp. MIL-STD-810
Temp. O ) ) Low Temp. MIL-STD-810
Initial Flux O _ _ Humidity MIL-STD-810
Maintain Vibration MIL-STD-167-1A
. Shock MIL-S-901
Luminous O - - —
Flammability KS C IEC 60695
Flux Salty MIL-STD-810
PF 0.9 0.85 - 1P KS V 8017
Efficiency O - - Increase Temp. KS C IEC 60092 306
Durability O - - ]
Vibration - MIL-167-1 | MIL-167-1 Optical Spec. KS C 7653
Shock - MIL-901 MIL-901 Uniformity Brightness
Salty - O O PF over 0.9
Noise - MIL-740 MIL-740 Durability Open/Close
Table 4: Specifications of optical for LED luminaires 3 7&}% 1;.! /K(-)] %“E—@,
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Table 6: Quantity of LED luminaires

Type Quantity (EA)
W T 2 c%rcu%t (30W) 590
- 3 circuit (40W) 403
2 circuit (25W) 28
NWT T
-~ 3 circuit (30W) 86
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Table 7: Electrical specifications of LED luminaires

Water tight Non water tight
Contents | 2 lamps 3 lamps 2 lamps 3 lamps
(30W) (40W) (25W) (30W)
Insulation 1[GR] 1[GS2] 1[GR] 1[GR]
High Volt OK OK OK OK
Power 24 9[W] 35.6[W] 23.5[W] 28.1[W]
PF 0.96 0.95 0.93 0.92
Volv OK OK OK OK
Freq.
Exterior/Str OK OK OK OK
ength
Ground 0.1[<2] 0.1[8] 0.1[S] 0.1[<2]
Table 8: Optical specifications of LED luminaires
Color Luminous Ancle
Type [Im] Temp. Efficacy [og]
[K] [Im/W]
W-T 2 1,995 5,649 80.1 116
3 2,796 5,656 78.5 116
2 1,632 5,804 69.4 115
N-W-TTS 1,975 5,665 70.2 115
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Table 9: Analysis of power consumption and optical efficiency

Power Consumption [W] Luminous Efficacy
Type [Im/W]
Decrement Increment
[F1 JLED Fl t| LED
uorescen [%] uorescen [%]
W-T 53 24.9 47 35 80.1| 43.7
) 81 35.6 44 31.7 78.5| 403
53 23.5 44 25.6 69.4| 369
IN-W-T
W 81 28.1 35 30 702 42.7
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(b) Officer’s living room (Fluorescent(L), LED(R))
Figure 4: Simulation results
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Table 10: Installation status of LED luminaires for navel

vessels
Water tight Non water tight
Y 1

car Vessels 2 lamps | 3 lamp |2 lamps|3 lamps

2012 Al 590 403 28 86

Bl 409 376 - 103

2013 B2 409 376 - 103

C1 1,134 579 220 6

B3 409 376 - 103

B4 409 376 - 103

2014 D1 259 33 4 10

C2 1,134 579 220 6

A2 590 403 28 86

2015 B5 409 376 - 103

Total 5,752 3,927 500 709

Table 11: Reduction of LED luminaires

Water tight Non water tight
Content
2 lamps 3 lamps 2 lamps | 3 lamps
Decrement| 2703.4 1728.9 220 248.2
quantity [EA] [EA] [EA] [EA]

Table 12: Fuel cost of LED luminaires

Fluorescent LED o
Vessel Diminish Costs
[MW/h] [MW/h]

Al 2.34 1.04 108.1
Bl 1.44 0.63 54.9
B2 1.44 0.63 54.9
C1 2.75 1.25 147.8
B3 0.96 0.42 36.7
B4 0.96 0.42 36.7
Dl 0.31 0.14 26.4
C2 0.86 0.39 46.2
A2 0.63 0.28 28.8
B5 0.52 0.23 19.99
Total 12.21 5.43 560.6
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