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A Study on the Defense Standardization of LED

Luminaires for Naval Vessels

by Kyu-Lyong, Cho

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime and Ocean university

Busan, Republic of Korea

Abstract

Since 2012 year, LED luminaires have been implemented for Naval
vessels. As a study conducted for the light emitting diode(LED)
equipment for the application to naval vessels, this study provides
insights of LED specification suitable for the naval vessels application

and verifies its validity.

In order to suggest the applicable lighting equipment specification to
naval vessels, Korean Defense Specification, U.S. Navy Specification
and Korean Industrial Standards are analyzed, and this study provides
the optical, electrical, and environmental characteristics of LED

equipments for the application to naval vessels. For the requirements
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related to human safety and optical aspects, Korean Industrial Standard
and the Specification of Korean Register are adopted. In addition,
considering the special nature of naval vessels, U.S. Navy Specification

1s used for the environmental requirements.

In order to verify the validity of applying the proposed requirements,
lighting simulation, illuminance measurement, vibration measurement,
noise measurement, electromagnetic interference test and temperature
measurement were conducted, and the results proved the validity.
Especially, to minimize the optical characteristics of fluorescent lighting
equipment and LED equipment, which are the aspects related to ship
crew’s vision, optical characteristics with respect to change of lighting
equipment type were analyzed via lighting simulation on the bedrooms
of crew and naval officers of the KDX-3 AEGIS Destroyer, and it
was confirmed that the overall light does not have noticeable problem.
Moreover, after the installation of the LED equipment to naval vessels,
illumination intensity was determined to be appropriate to ship building
specification based on the test runs. In addition, for smooth operation
in ship environment, vibration specification has been proposed. In order
to verify the validity of the vibration specification, the vibration level
subjected to fluorescent lighting equipment was measured in the
operating naval vessels, and it was confirmed that it is acceptable to

apply the U.S. Defense Specification.

In estimating the life with respect to change in luminous flux,
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approximately 8.8% of luminous flux reduction occurs after about
35,000 hours of continuous operation, and there is no significant
luminous flux drop until about 30,000 hours of operation. Luminous
flux estimation using Arrhenius model showed similar results, and Ly
can be calculated to approximately 90,000 hours based on this.
Additional study is required using the LED equipments installed in the

operating naval vessels.

Surface type and Flush type have 53% and 60% power consumption
reduction respectively. Applying such measures to the calculation of
the naval vessels in which LED luminaires are applied since 2012, it
shows effect of reducing 4,899 fluorescent equipments. This is
equivalent to approximately KRW 694 million of fuel cost reduction to
generate power yearly. After the naval vessels was replaced with LED
luminaires, maintenance(substitute) costs was reduced by KRW 0.12
million over five years. And lighting transformers capacity decreased

by 57 kVA of the same type.

Finally, As increasing power conversion efficiency, Surface vessels and
submarine have 8% and 17%, I will purpose DC distribution to surface

vessel and LED luminaires for submarine as future research project.
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Table 2.1 Specifications of power distribution system
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7 ~ 65
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Table 24 Reflectance of surfaces

7 WALE (%] 7 AR (%]
A% whet
70 ~ 90 15 ~ 35
(Overhead) (Deck)
£ A4
40 ~ 60 25 ~ 50
(Bulkhead) (Desk top)
T T
CR (Ceiling Reflectance) CCR HCC
______________________________________ "
f i
ECC
HRC
- RCR
EFC
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Workplane | |
«—— FCR FR (Floor Reflectance) HFC
l

a9 26 79 FIHH
Fig. 2.6 Zonal cavity method
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A4 A 9 owpete]l FAIS(CR, Cavity Ratio)E Alatstr] $sto] 4
(22), 2 23), 2 245 A&, 19 262> =719 W, B =2
7], @ B AW WALE S et W gl HA 3F JEAFE AL

s o B wehe, Adue 76 cmE J]F0E duh

5 X HRCx (L + W)

RCR = T (2.2)

_ BXHCCX(L+ W)  RCRX HCC
CCR = oo ¥ = R (2.3)
FCR— 5X HFC X (L+ W) _ RCR X HFC (2.4)

LX W HRC

o] 714, RCR (Room Cavity Ratio) : B &7FA
CCR (Ceiling Cavity Ratio) : H & 1A
FCR (Floor Cavity Ratio) : B}E &7HA <=
HRC (Height of Room Cavity): 2t oAl A7+ 2] =o]
271l A AZ7AA 8] Eol
HEC (Height of Floor Cavity) : BFefHol| A 2 H 72| 9] 0]
L (Length) : 3@ ZAAe] £ Zo]

W (Width): si& A4 e & o]

HCC (Height of Ceiling Cavity) :
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( )XLxXW

(LPF) X (RLPL) x CUX M (2.5)

INF =

o] 7|4, IFC (Initial Foot-Candle) : 874 *%
LPF (Lamp number per Fixtures) : =% 7|4 @& @#AZ F2k
RLPL (Rated Lumen Per Fixtures) : 23 7|4 & A4 ¥
CU (Coefficient of Utilization) : ©]-& &
M (Maintenance factor) : 4 &

TNF (Total Number of Fixtures) : & Q3 W 7|4- &

& 9 ded WAESS TEn 4 2977 mE
g2 Tath BLF 29T £ 4 @5 wek Fahe] 4A

AR 27 ¢ FHS Al AW o 2= ¥ 259 )

F 256 A4dd 84 =&

Table 25 Requirement illuminance by zone

A2 QTFE [Ix] A2 QTZF% [Ix]
AT 150 o] 4t AP 300 o)A+
= 300 o] il 32 o]’
2 300 o] s} 150 ]t

A A A 150 ©]7¢ =7 75 o1
gl of 75 ol Al ek 75 ol
g 300 o] R 300 o]
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x 26 KS C 76539 2 Y&
Table 2.6 Main contents of KS C 7653

g &
EA A AT AREA, A, HE g WA gle
47 T4 A7 £ 10% o]
%50t gk
e ZAve AdAe S D Pdo] U BE
RS
A=Ak DC 500 VoA 4 MQo|7
9 g7 A} =z 7}
Ay AC 1500 VA 127 Aointy] g1 2
a5 A el 92%, 106% 4 A5 7
A A5k KS C CISPR 15, KS C 615479 w3 A
NAH = 05 ] A=l o] gl 7
HF 2] vl =89 A Q75 E IP Grade 9= A
4 A 5 AC 12V, 25 A 23 A A4 01 Q o5
e % 30 C, 5% 95%0°l A 48~ 7F wH=x] &
t 4AAT 0 A B A
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Table 2.7 Main contents of KDS 6210-1055
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> 100A12F 52 5 A Fol o) Adfle A
A5 0.85 o]

HEALS 80% ol

Eales MIL-STD-740° %38k A

2 2} 33} MIL-STD-461°] w3k 3

Eolgt Y& G A7 "k ASAFo]l A Jow, ¢
gy AYgy Fu4E MIL-STD-1399  300B(“Electric . power,
Alternating Current”)ell w2} A9 £ 5%F AHFu52] + 3% W

Xr=
[e)

S CE R R

o. 1 %5743 (MIL-DTL-16377H)

nl =k =gt MIL-DTL-16377THE 4838, dA3s 4z
Ak K-35 S diste] fAlsta Ak & 2.8 v I A F4

LH %o] ]:]_[17]*[19]‘
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R 2.8 MIL-DTL-16377HS] +2 W&
Table 2.8 Main contents of MIL-DTL-16377H
Pla &
o7 A 9 gA Ad 48 7k wA F
A A ’
e Festh, WHE A A
x4 9
i ] Zol wEk 3823 £ 0.005 inch, + 15% o]
3]-8 9 =2}
] A AL G2 BAE, vl AR 2 A Tt H 838 A
)% dFvlE A8 (74 - 0.09 inch)
=7 MIL-S-901°] 233 A
PR MIL-STD-167-19] ¥+=3t A
e 0.0002 microbars 7| 28 dBo] W
- MIL-STD-740 7+=3 2
AT gk Aol gls A
*=7] ZlEA e mek 83 A
A7) 7HA MIL-STD-461F¢ w8 7
714 54 HB 7], =X, Ad, AlolE, AAT
EzE 952 JAd dEAT A
A
0.1 Q o]
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e LED %97 ¢+ FAAAL 95e] 3=aly
n =atA e e AERS Aelsta e, & 299 2o

-
it

29 QA vl
Table 2.9 Comparison of requirements

= KS C 7653 | MIL-DTL-16377H | KDS 6210-1055
FAAHY,
I FAARE H
EAAHD BANE A
o) ¢
(FEA 9]+ 10%)
kit F ol gt
HHRS ARET
) 4 MQ DC 500 V& 20 MQ
AAA T s
@ DC 500 V MR &l @ DC 500 V
AHESE 20 +
AAdGel 28 + | AC 1,000 V
AC 4,000 V 17k |~ AC 1,000 V T
A
AAsty] gleA 1137 <17} AV 1,500 V
AdAsta] glaA 123k ]17}
sty gleA
MIL-STD-1399 | MIL-STD-1399
AARRE 92%,
AANE AAAG £ 5% | AAAYG + 5%
106%
o+ 3% o+ 3%
EMIEMC | KS C CISPR 15 | MIL-STD-461F | MIL-STD-461F
57k dA E
ke - T, dded -
AHE-Tt A
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48 LED 2977 &7AF A%t

5 §
Q5 54 7o LED 29717 #otd, 4714 a7Ae 2

rlok

A4 FAGE ANsY LED 29717 Qe F28 weAge

A R A, Bl wRge] glofok s, g 5 7 oA
Az avelvh & 2108 Aol AEsty] flste] Ak LED =971

¥ 210 3A4E& LED =977l d3 a7+
Table 2.10 Requirements of LED luminaires for naval vessels

= & H] 31
AEe] AW FAAZA, 299, AAF 5)
E A4S _
Axstar Wl WAl glow A <x & A
B A AE TRl AXHA W FX A} -
FA
SAR 3k 7d was A -
B3
A HEg g 2@ gde &% 140 Colst
KS# &
L Y 2 AWE 60 CTolst
AFauzt
_ KS C 76539 we} 153 /& + 10%°]W | KS& &
S8
qe 2
AAFA e + 10%°] -
A
] AC 12 V, 10 A °]3} 4] 0.25 Volal At7dst
A A g -
0.1 Qo] 3}
ol A et DC 500 V 217} Al 20 MQo]4} -
AREA S 28] + AC 1,000 V == AC 1,500
=R -
V 2 A 181 7L dnky 9l e A
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3t 2.11 LED =974+ #7|4, 334 2 FArst

Table 2.11 Electrical and Optical requirements of LED luminaires

HFs LED
FEE | A=
T ) o
ke SIS Im/W1 | [K]
a4 e
[Im] [Im]
(W] [W]
1,671 1,800
60 5,500
258 = 53 ~ 30
o] % + 500
1,855 2,100
=&Y
2,338 2,600
65 5,500
358 ~ 81.2 ~ 40
ol | £ 500
2,567 2,300
1,500
60 5,500
2% 1,356 53 ~ 25
o] % + 500
1,700
mj 91 g
1,800
60 5,500
358 1,697 81.2 ~ 30
ol | £ 500
2,100
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i 212 LED ZwW 7|4 3382 EA
Table 2.12 Optical characteristics of LED luminaires
Sige s 71+
Z713% % 100~ ol o] 5 A AP 95% o]
& _
2,000~ ZF of o] 4 271335 S %9 90% ol
FA8
o] A1 A 70 ©]%
LED =97+ 32& [Im/W]
e A2 10 W 30 W 60 W 100 W
b KI | 10w | %3 3} =3} %3}
o] 3} 30 W 60 W 100 W | 300 W
o] &} o] s} o] 3t o] st
5,665 +
5,700 55 60 65 70 75
355
5,028 +
5,000 55 60 65 70 75
283
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2 el Ve 2WrI 3 284S SHEY LED EEo AY9S
Tt ALdTHF7IE 98 dA9S AC 100 V.~ AC 240 V, 60 Hz=
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Table 3.1 Specifications of the power supply

rAO
() ﬁo ‘Ol
& T 5 o
+— )
e s - m -
= 5 - el 5%
o} o X O
O I S
=1 Do
_10
>
(@)
S
N
. = N o =0 M
> Te - 3 - N
X —~ S S Q
S e = A
—
O
Z
i on % ol
l¥ T T p\T iy od
in = o ar ar o
4 ot o il

o 297+

)

ol

Fel 1= A 7F 7}

Al A A

23

ECE

gt 19 329 19 33
o] A AFT, 2

o

o]

e

TGl AAE IP 56 5

ks

o]
=

PC(Polycabonate)

a3

%L z}/\

ol

N
Y
]

o)
N

cul

{Jo
o

—_—

0

)
;Mﬂ

A

NI

B
el

il

_37_

Collection @ kmou



a9 32 =9 LED &£97| 79 +x
Fig. 3.2 Structure of a surface type LED luminaire
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1% 3.3
Fig. 3.3

32 &7AE HF

iYd LED 23739 +=
Structure of a flush type LED luminaire
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(b) 33| =

a%Y 34 x=%3% LED 2977+ wid=A
Fig. 3.4 Light distribution curve of the surface type LED luminaires
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a9 35 wigdd LED =979 w34
Fig. 3.5 Light distribution curve of the flush type LED luminaires
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(b) LED =% 7]
a9 36 29 AL W AlEdolA W

Fig. 3.6 Comparison of simulation for a crew’s living room
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(b) LED =% 7]
aE 37 Aal e Wik AlEEeld A

Fig. 3.7 Comparison of simulation for an officer’s living room
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% 35 7H #H4
Table 3.5 Vibratory displacement

T W9 7H 9
(Frequency Range) (Vibratory Displacement)
4 ~ 15 [Hz] 0.762 + 0.1524 [mml]
16 ~ 25 [Hz] 0508 + 0.1016 [mm]
26 ~ 33 [Hz] 0.254 + 0.0508 [mm]
36 TXAYE A

Table 3.6 Results of resonance test
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% 362 FAAE AAE e, H2A g AAE FFsel 7hxlE
I YE AES A, AokE AE 2 FAE v RE skolslaat
A AFS AT ASS Sde S, Subgn g, J5A,
- 49 -

Collection @ kmou



tR o, o

)

 TEES gyoem

—
fIfe)

3

Ho
o

ToR

=K

W

| Aol &

of oat A
al

ol

F=44(YF : Yard Ferry)

hus
RS

2

& At

ot

)

Fo] o] g¥ut AgtellM el FulE st = 3@

[

_(H

2~ O
=

Aol

=
=

o] % o] 1}

2

Fiber

&2~ 2 (FRP,
82 21 kts HEolH,

&t

_?4
glass Reinforced Plastic)o. & HAZXE L 5

H
™

%

U

ol

-
R

Huj & ol A Q7S

sty 5kskgEe MIL-STD-167-1A0 A &+

A%

qo Bgom AA A9 HHo] F7

ToR
)

o] Aoju}r] W o

b4 ergre?,

XA S

Aol Heto g

_50_

Collection @ kmou



=

e
0.9 — \ v H
0.8 \ -/ I
E 07 e 7| T K| AP ]
= % -8 7| EX| 33
: : \
@ 05 2 \
3 : ; |
2 04 X R =4
[a) N l\
03 \\ % " @
\ !
02 = Y
01 M .
‘.’0.. .-'.." ‘...“. *e
0 T [.. I 1 ...... I T
Frequency (Hz)
(a) w5
2.5
'
essneY
2 .n X XV4 M
E : 7| ] A
T L5 . [EX 52t
] .
& -
w L]
o °
L !
a1 :
o \ H
Y
0.5 % “.‘ -
.
...0--...".' '—————*
0 § T ....l.‘ I T
Frequency (Hz)

(b) a9

a9 39 gusrsgl A% 54

Fig. 3.9 Vibration characteristics in a Yard Ferry
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Fig. 3.11 Vibration characteristics in a Yard Water Ship
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Table 3.7 Vibration characteristics in fixtures with fluorescent lamp

R E [mm]
AU &4 € =4
X5 Y5 7%
IS A (od5E) 0.140 0.322 0.650
_ _ 2.015
gursd (Hdg5H) 0.318 0.828
(3.1Hz2)
SobAgn A (HgE5E) 0.132 0.248 0.509
d A (ARE35E 50%) 0.035 0.081 0.105
A (AR F3 75%) 0.040 0.053 0.069
A4A (dzF-3F 100%) 0.075 0.039 0.146
154 (HUd5H) 0.439 1.121 1.449
154 AHEF) 1.838 0.112 7.410
T3 (Hd&5E) 0.018 0.149 0.289
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Table 3.8 Requirements of air noise

sound power levels, ref. 107 "*[W] for center

Airborne frequencies of standard octave bands
grade

315 | 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
A 65 62 60 57 55 51 48 45 42
B 97 96 86 83 80 78 77 76 75
C 92 85 79 75 72 69 67 65 64
D 122 | 117 | 112 | 107 97 92 92 92 92
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A wAH el A A MY FEs BolEd CS9F RS @52 <l
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R 3.9 A7) Hdel dis Al &g
Table 3.9 Test items of the EMI/EMC test

oot

b &

CE101 Conducted Emissions, Power Leads, 30 Hz to 10 kHz

CE102 Conducted Emissions, Power Leads, 10 kHz to 10 MHz

RE101 Radiated Emissions, Magnetic Field, 30 Hz to 100 kHz

RE102 Radiated Emissions, Electric Field, 10 kHz to 18 GHz

Conducted Susceptibility, Antenna Port, Intermodulation,

CS101
15kHz to 10 GHz
CS106 Conducted Susceptibility, Transients, Power Leads
cS114 Conducted Susceptibility, Bulk Cable Injection, Impulse
Excitation
CS116 Conducted Susceptibility, Damped Sinusoidal Transients,

Cable and Power Leads, 10 kHz to 100 MHz

RS101 Radiated Susceptibility, Magnetic Field, 30 Hz to 100 kHz

RS103 Radiated Susceptibility, Electric Field, 2 MHz to 40 GHz
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Fig. 3.15 EMI/EMC test results
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Table 3.11 Measurements of Maximum temperature rise test

A FEH | A= 1 | AlolE 2 2914
S
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[TC]

uk i s 4 JE A
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Fig. 3.16 Measurement of maximum temperature rise
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Table 3.11 Measurement results of maximum temperature rise
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% 315 ¥AE LED 29739 #874 QA

Table 3.15 Optical requirements of LED luminaires for naval vessels

AAHH = Ao o A A )z}
63/\1
[W] [Im] [K] [Ra] [°]
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23]=2 | 30 o3&} 70 o)A | 115 o)A+
2,100 500
_ i 12600 ~ | 5500 +
==Y | 332 | 40 o]} 70 olA | 115 o] 4F
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P = Pyexp(—ft) (4.1)
E(Z
B = BylFexp(— k;—T) (4.2)
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Table 4.2 Variations of luminous flux for LED luminaires in operation

| RS 200043 | 28T A5 | 3RS A3}
k)
7 [im] [im] [1m] [1m] [9]
533 1761

. 1,995 1,960 1753.9 99.6
T+ Z5F (35,000A] 71)
3 2,028

) 2,100 2,087 1796.5 112.8
T3 (30,000A] 71)
2}7] 2,012
o 2,070 2,057 1880.9 1069
393t (26,0004] 71)
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Table 4.3 Contents and results of a satisfaction survey for lighting
& qE Y8 4w
| el e g QI el | AR EH14%), 201 eHE2%)
geada =7 o Ak | 1B errh(54%)
L | Ae] BEE d E Ag] - IR, BEITHeT
(MRl YEAET AdaE | 2 A ehET%)
| AE5e A W A A9 | S9ekE), vEeltha0%)
TH7N7F A =AA =k LA B THT%)
L | Ae v At g sdu ] - a9, el thEe)
=AA A S84 eh(10%)
- & Ul 2rvh A Ee RS - 1R H(70%), g0l Hh(27%)
710 S8 Skl Ash=Erk? | A BTHE%)
5 U 2Hor & =FAIY | - 2ET(17%), B5 o] tH30%)
=71 Hol =7k 25 A vH(53%)
. A AFHFE st 23 A | - 22 THT%), B F ol tH42%)
of WA seol &g Ho] A=k | 2HA FrHE1I%)
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Table 4.4 Analysis of power consumption and luminous -efficiency

4% (W] FEE [Im/W)
T
A7e
K iacy LED ey LED
191

53 249 53.1 35 80.1

w5
31 35.6 596.2 31.7 78.5
53 23.5 55.7 256 69.4

w31
31 28.1 65.4 20.9 70.2
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Table 45 Application status of LED luminaires for naval vessels
==Y v 9} 4
S (7] [71]
23| &2 332 23| = 33| =
Zabeb 23 1 e 590 403 28 86
271 5918 2w g 409 376 - 103
2}7] 98 3 409 376 - 103
s 1 1,134 579 280 6
271 298 4% 409 376 - 103
2715913 5/ g 409 376 - 103
Z1# 54 1S 259 33 4 10
@5 2 1,134 579 220 6
g% 2 590 403 28 86
A5 69 409 376 - 103
& A 5,752 3,927 500 709
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Table 4.7 Analysis of fuel cost

RS LED —_
K 2 [ ARl | 28R | 559 | e
MW | (9] | [IMW] | [9]9]

T 1 633 8 281 0.56 0.71
7] 5913 2W 3t 529 1.06 231 0.46 0.6
2715913 3 g 529 1.06 231 0.46 0.6
HE 5 19 1,071 2, Jo 487 0.98 1.17
271913 4% 529 1.06 231 0.46 0.6
24715 918 5 st 529 1.06 231 0.46 0.6
712 A 1S 152 0.3 70 0.14 0.16
NEFEe 2 1,079 2.15 487 0.98 1.17
TR 2 633 1.27 281 0.56 0.71
2715913 61 529 1.06 231 0.46 0.6
A 6,212 12.5 2,765 5.56 6.94
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Table 4.8 Calculation of maintenance cost

2
i
=¥
Og(::
QL
Y
=
=
)
)
BN
oL
N,

LED
72 | 995 % | 54 2wl
=7

100%

. 4,38071 14,285,370% 26271 854,513¢
j=AreN

80%

. 3,504 71 11,428,296 21071 683,691 ¢
j=AreN

50%

. 2,19071 7,152,658< 13178 4272579
j=AreN
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Table 4.9 Capacity of a transformer for lighting load

Tt Zone 1 Zone 2 Zone 3 Zone 4 Al
dBs7T
96.4 99.0 100.8 92.1 388.4
[kVA]
LEDZY 7]+
829 90.8 39.1 68.3 331.3
[kVA]
Azt Ha 57.1
15.6 9.4 134 27.3
[KVA] (14.7%)
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