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A Study on the Standard Establishment of LED Luminaires

for Naval Vessels
by HYUK-SANG, KWON

Department of Electrical & Electronics Engineering
Graduate School of

Korea Maritime University

Abstract

This thesis proposed a draft of standard on LED luminaires for
naval vessels. Korean Industrial Standard(KS), Korea Defence
Standard (KDS) and US Military Standard (MIL) were compared in terms
of safety and performance of lighting fixtures.

Electrical and optical characteristics such as power consumption,
total luminous flux, and illumination distribution of fluorescent
(FL) luminaires used in naval vessels were experimentally analyzed,
and six prototypes of LED luminaires were manufactured based on the
results. Electrical and optical characteristics were analyzed in a
space by a simulation program, where the prototype LED luminaires
were installed, and the results showed an energy saving by 40 [%] at
an equivalent illumination intensity compared to the FL luminaires.
However, the proposed electrical and optical levels considering

glare and energy saving of LED luminaires are energy saving of 44 ~



51 [%] and total luminous flux increases of 8~13[%] as the type of
luminaires. Environmental requirements of the standard were the
same as for the FL luminaries.

The proposed draft of standard will widely be applied to merchant

vessels as well as naval vessels because 1t was based on the Korean

Industrial Standard.
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5715 it

Table 2.1 Korea Defense Standards for luminaires

No TAHE T4 v &
sy B2 AREEE AL 120 [V],
1 | KDC 6210-R4001 | FH 5, sh48 | A= 50 (W]l LA~ g oty 5 7]+
of thsle] +4
Auto] AMESlE FHFRUEZE FYPo=
2 | KDC 6210-R4005 | Aut8 AP35 | b= FF 45, Wy L dd o
58 357 st A
KDC 6240-R0002
2Nz o= olulzm @ N uﬂoEiE 73l
3 KDC 6240-R0003 m > S5 Autzr 8 A2 WA Fo tsle] F
ToA ALE Tl FE5 o] 580 [mm],
: 590 [mm], 609 [mm]el 20 [W] HFF&
— 3= ’
4] KDS 621071012 | BRSIIT g ey sigt oba g@EolTl da
o A4
SFA oAl AFESFE= 120 [V](20 [W]=2T,
5| KDS 6210-1055 57 0[W]*3D)& HHE FFs7]7 st
o 4
shgol Al ARgSE JAHeY AC 118 [V],
6 | KDS 6210-1057 FFS7IF | AuAE 30 (W]l FF5 7]l el
4
shAgol A AbgsteE WHE dFSUIH
7 | KDS 6210-1058 qG57 °
BHSTIT o apeter 74
S| A AFES= AAAS AC 120 [V]
8 | KDS 6230-1037 FFs7I | And=E 8 [WIl FFE 7]l dshe]
74
A A BAAgoR AMgEHE AHAA
9 | KDS 6230-1052 | 5(1) B8 | 9F 115[V], g 8 [WIel &35 7]+l
st A




X 2.2 A 71T LA
Table 2.2 Requirements of luminaires in Korea Defense Standards
No. L TAFG v &
= AIALEL AFe AR BA (AR, 2AY, HAAS), A

! EAR g T wag male] 9lm A4 94 Abs @ A

2 2] A A} A =W dX AAF W FRHAL

3 AAA g AR g1 500 [V], 20 [MQ] o]

1 Ao FE3 AAPREE Fn g A, ARgAL 2v] +
1,000 [V] B+ 1,500 [V] = & Ak, 137F 27}

5 A AA AL FF A 7% oo A% & A

6 Wz Wedo]l A9 &ld IP 5ol wEsor &

7 qulxﬂ?ﬂ’ 4_53 [A] %%y ;djﬂ'%]'ﬁ}‘ 0 25 [V] O]LH7
At 0.1[Q] elst

8 s MIL-STD-167¢l] W=

9 =>4 MIL-STD-901¢l %=

10 AFEF BAIZE P, 16A1ZF WHA], 33

11 A=ty FARAE 93 FEI =F

12 25 MIL-F-16377%+=

13 o 100 A &2 & AFo o]do] glojoF &, Ald

s < F 92 HAVIEA AAF AA]

14 =R = 0.85 o]

15 HEALS 80 [%] ©]7

16 Eaa=s MIL-STD-7409] wF=

17 7 =} 53} MIL-STD-461
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148 LED 5717 ok 2 e 27418} (KS C 7653)

Table 2.3 Requirements of safety and performance for recessed and

fixed LED luminaires (KS C 7653)

No. L TFALE 0 &
) TAA A AES] AR FA (A 2AF, 29, ?i%_?-%%—) A4
tﬂé}ﬂr H A o] %iﬂ HAA A 7bs & A
2 44 EA AA £ 10 [%] o]
3 7 Fol gk %ﬁljrg]r A M SR 9 e e HE g3
2H B3I gkel
4 ]I HA TZAAF
_ ARG g1 500 [V], 4 [MQ] o]
q } ’
S EEIY a1 o9
5 Aol e 1,500 [V]I(7]1¥-4<1), 4,000 [VI(Zshdd)
s 2+ el
7 5 AAAG] 92 [%], 106 [%]oNA A AS
8 7 2F 3k KS C CISPR 15, KS C 61547 A&
9 71AA = | 0.5[]] %E% Q] 7ol A g sd=o] glojof 3
la=g ol Ao o [P S u=dof o).
aF2=1} 2] - =
10 e IEC 60529 Ml
11 7 2] 7] 8} 12 [V], 25[A] &5, AAAS 0.1[Q] ©]3}
12 e S%iQF],H+95%ﬂM1%NHH‘]?
AAAgg 2 AAY o w5 A
13 qsEA 40 [CT, ~10[Clell A 1A A5 (H5 =4 48)
1 g, dish, | ddA 2@ S22yl diste] g, s, EHA
YEHZ Ae gnd A
15 eEAE | R el diste] 2R a7 A a4
16 z71%% A2l 95 [%] ©]4H (10077 52 %)
%7] 29 90 [%] ©]A+
U _}_OX [e) _
) A5 Qo 23 2,007 B4 )
18 =R=s 0.9 o]A+
o = 10 [Tl A 1A1ZE 3 50 [Clol A 1AIZE 53] Wk,
19 E"(S‘ij - - - = =
vds WA - He &2
} A S0 = 58
R OH )
20 gLE (e 30 W] 23} 60 [W] gk, 65 [Im/N])
21 N (0n/0ff) | A4 FHAIZEY 1/28]




x 2.4 49rg LED 29 ot 2 A 8FAR) (KS C 0418)
Table 2.4 Requirements of safety and performance for shipboard LED
luminaires (KS C 0418)

No. QTAN v &
Aol AH BA (A=A, 2AY, AAS), Ai
1 _;J-J_/\]A]-zil _
A, Wshy Aol gla AA A Jhe & A
2 ]I HA A ZHzte] dx AAF D FE2HA
3 A gt | FAF st HES RS g A ek
RS (d: 1P20)
4 A o] A 3) A A3 g1 500 [V], 100 [MQ] o4
5 Aoy 1,500 [V], 187k <17}
6 A 2} 5} KS C IEC 61000 = CISPR series %&
J 7 =)o} =
; ol A7 A 6 [%], 10 [%]
AR F3 5[%], -5 [%]
3 A4 5a-1t 33] (13 AFHAIZE 30%)
9 el A KS C 60092-101 = IEC 60695-11-5 % &
10 PR W] AL Y 1P S5 wrEsor 3

[EC 60529 #-&

11 | 232 orx A | IEC 60945 A&

12 7] & +5[TC] == -25[T] 243

13 ARIFE 55[C1, 95 [%] 48~1%F

14 e 70 [C], 2A1%F B 55 [T, 16417
15 s IEC 60068-2-69] Test Fc 4§

16 AT 2AIZE AR, 7Y WA, 43]

oo]% 100A1ZF §- AlEell ool glofok & A4

17 A h
F 2 B VIS AL AA
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Table 2.6 Classification of requirements
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Table 3.1 Characteristics of surface and watertight FL luminaires

(magnetic ballast)
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a9 4.2 ANAZLED 57179 AR
Fig. 4.2 Photographs of the prototype LED luminaires
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Fig. 4.3 Illumination curve of the prototype LED luminaires
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Table 4.1 Characteristics of the prototype LED luminaires
om E Wy Wiy - v
il 258 | 35§ | 258 | 358
ZHld e (V] 32.0 46.3 32.2 47.5
4% (] 2,321 3,431 1,947 2,986
FaE [1m/W] 72.5 74.1 60.4 62.8
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x 4.2 =T U9 57T 54 v

Table 4.2 Characteristic comparison of surface and watertight LED

luminaires
3= AH] A W] Z343 [ 1n] FEaE[1m/W]
7T FL | LED % FL LED % FL LED
2 | arEY 1,671 391 | 31.5
= 53 | 32.0 | 43} 2,321 72.5
e | 49 1,855 251 | 35.0
3 | HHEH 2,338 471 | 28.8
s 81 | 46.3 | 511 3,431 74.1
g | ¥4 2,567 341 | 31.7
i 4.3 " vy Srle 54 dla

Table 4.3 Characteristic comparison of flush and non-watertight
LED luminaires

= &HHH[W] F33<([1m] FE&[1n/W]
T FL LED % EFL LED % FL LED
2
s | HHE" | 51 | 32.2 |37 1,356 1,947 441 26.5 | 60.4
&
3
S | HFET | 77 | 47.5 1381 1,897 2,986 571 24.8 | 62.8
o

A 29 4.49 o] Ao APy S e 2 AlEdUAS
s, vl Y ST Y 258 =E - Wed g3
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gk ofell j-&-3h= A4 LED & 7]7-oltt.

AEdeld 221 HA Fol 2(m], HAS] WAMES 0.35, HA
HhEe 0.3& A 833l
star, wleto 2 HE 0.85 [m]

9
AAHE 712 - A2 0.2 [m] (FAo=

_IIN'

HH

zolol A ZA43IATE. ¥ 445 FHRE
avdE 8l A e dis) 71 FFs 7190k LED SV E vlad A
E e Bt

A A ZHeE LED 571t FHEgo]l F@5 7)ol Hls) 28 ool 7] wiE
of FyEEE 504 [Ix]2 7]E div] 65[%] FFEJeH, AHHE

0.14%2 I3 4.5914 Hi= npe} o] FF57+E HE89S wok A9
AR 545 YEeERAT.

olz1dt A=K e, A Aetdt LED S7]7-E #3357 AL
2 AL&sirete dA = AL o] glo

A & Ae FARAT

i)
P
I
2
e
flo
P
&
K
IN
H

Ir
ot

E 4.4 AEdoeld A
Table 4.4 Simulation results

.- BHS B LED 5717
2H) = W] 371 224
BazE [1x] 305 o504

A= ul 0.25 0.24
A &= u2 0.15 0.14

_23_



£ @

30 Oljectd

0 Objectd

50 7

35
U 30 Object] m
3.0 R
z — 7 ference plone 1 wa
2.5 —
30 Otyectd

2.0 H m H 30 Object? U

30 OtjectS
15+

=1 ‘ g

L L
7 H H H H
20 Ctiectt 30 Objects

0.0-

T
"[m]
1:50

(b) 324

O 4.4 5719 wiA] 4
Fig. 4.4 Example lay-out of luminaires

_24_



llluminance [Ix]

llluminance [Ix]

200

[m]
55

5.0 W
45+
4.0+
35
3.0+
2.5+
20+
1.5+
1.0
0.5 4
0.0 - |

200

[m]
5.5 A

5.0 - B
4.5 -
4.0 —
3.5
3.0
2.5
2.0 +
1.5
1.0
0.5 -
0.0 -

300

3 4.5
Fig. 4.5

500 750

(b) LED =71

N
5 3

[lluminance distribution

_25_



4.2 kA QA
A AL HE 7)E S)TE S tdd v xste] ZwrA
3

B ouSUFAS gy, 2geld] Fad J1E HEE 577 uE
WA LD P @A (KS € 7653)) vl ARE gaie] §
40 R Auste B 28 18 SFHATFALS V2D TUHY

L= 2 R I B P Rl R 4 ) B == | 7 B o B
MIL-STD-461F 2 u}E o180

o170 AAuEE 9% 2AAT @ AU 2 TARe Bt
S JlFoz AFAYL 500 [V]olA 20 [MQ] o]4e] AdAAsS 3hu s,
1,500 [V1e] Al@gtel s Adsale glojof g},

PN
T WME 2 EAAEA

of e AEFE f7E AAAL 46
(%)% -10 [$]o] & AT 45 (4] £ 58]0 2% 2AcNA 4
A W3, 58 Fek 350 AYAg F ATl ool gloje @t}
[14,19]

Sl 9142 s AA AlzrEe] oo VAH &l thate

MIL-STD-1399/ SEC.302¢l w2} ¢J7]%+ -30~40[TC], 3=+ -2~
30[Clol®, A= 10~100 [9loltH™ . #A4el gk 7)o A

_26_



o o]

3]
=4

F oA

°
pud

Fel 5715 8

H

MIL-STD-901D2¢] +A ol we} ©
[e)

o
pul

]_E]_[ZAL] )

T

BRI

}o] shock grade B, Class I, Type A9l Z7eo] ¢

o
shéo] glofof

H;]_[5~7,22,23J ]

o
pul

Fol MIL-STD-810G<2] A
7_:]l

e}
KS C IEC 60092-30691 <]

=
3

[e)
-STD-167-1°1 uw}a} =

2

o
o of

B

el
~
i
®

o[

il

22|
=K

],]—4_[20,25,26] )

°
pud

Fodof
J

°

bl gkt 10 [A] ol he]

KS C IEC 60092-101 H+ KS C IEC
0.25[V] ©]

(<]

-

T

[e)

3

o
=

of gk Al3
1, 12 [V] o]
W A 0.1[Q], dst st

]

-

o

3

3lo

A

oo
60695-11-59] whe}

0]
AA

al
IP56&

[e]
=

‘;Lj\__

P56 2 W7 12.5 [mm] <)
AReE Al AU ] E o]

5
=
=

l

p—

N
o
;OO

‘._A.uﬂo

o
1o
oF
—_—
file)

M

_27_

],1—4_[28] )

°©
pud

o}ok

ol
=3

A A]
At A el 7]



5 2FAY

4.3 %

71 5719 WYl LED 5719

TR

=S KS € 76539 T

o

jpuze)

77 HulALg &

KS C 7653wz}

<2 KN
= ST

= A% Al

o= X

A

]

7

o

Foloj ok Ft.

A
(e}

A g3tel 0.9 ol

KeN
=

b = o] ey,

s

s As A

e

e

KeN
T

e

(1.1)

} 33|22

S

I 28]2, 30~40 [W] o]

25~30 [W] ©]&

A=

A

d

=t
=

2] LED

3|
pul

bofokgtet.

S

30 [nm] & W=

*

_28_



X 4.5 =% WY LED 57T &
Table 4.5 Efficiency of surface and watertight LED luminaire

AHAY [W] %% [1n] A% [K] WZE[" ]
30 o]3} 1,800 ~ 2,100 5,500 £500 115 o]
40 o3} 2,600 ~ 2,800 5,500 +500 115 °]’
5 o]a} 40 ~ 60 100 o] %

x 4.6 ") -HvW3 LED 57 &8
Table 4.6 Efficiency of flush and non-watertight luminaire

A2H1 A9 [W] Z3< [1n] A% [K] LR R
25 °]3} 1,500 ~ 1,700 5,500 +500 115 o]/
30 o3} 2,000 ~ 2,200 5,500 +500 115 o]/
5 o]a}t 40 ~ 60 100 o] %

ol¢} o] AL LED 717 AR S fAste] AAE S+ #H A

S aTARE B 473 23 A AL RRom AR,
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Table 4.7 Requirements of safety and performance

No. 8 A No. L TAH No. S TFAsH
BEAALE 2 AR AFEFEIE AD
1 8 15
RIR¥EPN (30 [N], 0.5[J]) (MIL-STD-810F)
5 5o o st Al R (S Al
=7 5_ H}Z=H Z1 (3] A
9 | o 9 | (1%7] 4847 6] °"° °
A B . . (KS C IEC 60529)
a2 5F7])
Q0 <2 2=
3 10 | (157] 247 7F 17 | (KS C IEC
500 [V], 20 [MQ] ~
771 60092-306)
A= Az
AAuvE
4 1 500 [V] 11| (15:7] 24A13F, 18 | (5%-7F 33],
’ 2571) A 7 30%)
AL 5
B 54
q4A A
5 6 [%] 10 [%] 12 . 19 (2718,
+ or - _
R (MIL-STD-167-1) Fgs, Mo
AT 071
+5 [%] or -5 [%] s
A3 - e
6 | 524 38 b z;£1—STD—901D) 20 £8¥§ o)
(A ZE 30%) °
1&?4/\4 ]
7 A A} 14 (O:]}\O 21 Lﬂf:oo 18
1At Or 2 = e ,
(MIL-STD-461F) o e
UExg9) a4, M)
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6.2.9 ZARYJA : RS101

A7) ARE Al 2l gl MAMA WS AR

=
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)
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A,a

T W9= 30 HzellA 100 kHzoloh., A& Algh #a2 19 9%

(@]
\)
—
(=)
R
by
-
=
o
=
w2
—
(e
w

AR AASE ADE 9 R Aol WAMAA WS

7]
Az}, AL Fa M= 2 MHzol A 40 GHzolt)h. A& A3 i
29}

y o v 1 r —
LIMIT SHALL BE DETERMINED AS FOLLOWS

1. For equipment and subsystems operating < 1[kVA], vse the

P|; hine coanecting poiats a.b, xnd u

Input power < 1 kVA

and * curreat
greater thas 1 ampere the limit sha].l be rellxed n follows:

dB relaxation = 20 Log (fundamental* currenat)

| 2. For equipment and snhsystems operating > 1[kVA], use the
l 1|. hLane v:unm:ctmx and c.

ent
n:reltar than 1 mnere the limit shall be relaxed. as !ullnw:

| dB relaxation = 20 Log (fundamental* curreat)

* Load curreat at the power frequency

Limit Level [dBuAl]
o
o

90!
80, :

i ll | el s stk b rrm176
70¢ §

10 10k 100k

Frequency [Hz]

a8 1 $43 2 ASEE 60 Hz71719) CE101 §HA

Fig. 1 CE101 limit for surface ships and submarine applications, 60Hz
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F T TTT TTT I 1 T 1 i1 L] T LR LI
E NOMINAL EUT LIMIT
: SOURCE VOLTAGE (AC&DC)| RELAXATION
100F—— 28 [V] BASIC CURVE
- 115 [V] 6 [dB]
94 220 [V] 9 [dB]
270 [V] 10 [dB]
90 ] L —/> 440 VI 12 [dBI
z il
B H
N :
= 0% ‘ H
E 0 BASIC CURVE H
~ 60 E ’ ‘ t ' H
50_ 4 .| IR { ImERN] 1 4 Ik i . _:
€ L LU } LU LI | LB
10k 100k M 10M 100M

Frequency [Hz]

a9 2 CE102 A (AC % DC & EUT)
Fig. 2 CE102 limit (EUT power leads, AC and DC) for all applications
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Limit Level [dBpT]
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76
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10 100 450 10k 100k
Frequency [Hz]

a8 3 S8 71719 RE101 A
Fig. 3 RE101 limit for all Navy applications
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Limit Level [dBuV/ml]

30 4 ' 1
10k 100k 1M 10M 100M 1G 10G 100G
Frequency [Hz]

a9 4 FAER 7]7]9] RE102 §HA
Fig. 4 RE102 limit for surface ship applications

150 I‘
od CURVE #1
I~ \,
e ot '
§ \
=120
D L '\
Sii0f N
= N -t=+11111{|106-5
S 100 [ SR | ~eengts |-G
: ABOVE 28 VOLTS #1 i 111
90 — | 28 VOLTS OR BELOW #2 i
SN T MO |
10 100 1k 10k 100k°% 1M

Frequency [Hz]

1% 5 (S101 Ast A
Fig. 5 (S101 voltage limit for all applications
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amplitude

Where
Viear = 400 volt peak
t.= 1.5 psec, £ 0.5 usee
te=3.5 psec, £ 0.5 psec
ta= 3.0 psec, =22%
Vieak Ve < 120 volt peak (maxinum)
tsae = 20 psec

-— .
e time
£ VSBE'.

tsaE

13 6 (€S106 A 3HA
Fig. 6 (S106 voltage limit

x 2 (CS114 A3k =214
Table 2 (CS114 limit curves

LIMIT COUVE NUMBERS SHOWN FIGURE CS-114-1 AND LIMITS
PLATFORM ALL SHIPS
AIRCRAFT (ABOVE SHIPS
SHIPS
(EXTERNAL DECKS) (NON SUB
AIRCRAFT (METALLIC) .
OR AND ) METALLIC) | MARINES | GROUND | SPACE
INTERNAL (BELOW
SAPETY SUBMARINES ) (BELOW | (INTERNAL)
FREQUENCY CRITICAL) (EXTERNAL) D DECKS)##
RANGE *
1 kilz
to N - - 77 dBuA 77 dBuA 77 dBuA 77 dBuA - -
1MHz
0klz | A 5 5 2 2 2 1 3 3
to N 5 3 2 2 2 1 2 3
2 MHz AF 5 3 - - - - 2 3
2 Mz A 5 5 5 2 4 1 4 3
to N 5 5 5 2 4 1 2 3
30MHz | AF 5 3 - - - - 2 3
30MHz | A 5 5 5 2 2 2 4 3
to N 5 5 5 2 2 2 2 3
200MHz | AF 5 3 - - - - 2 3
KEY: A = Army *  For equipment located external to the pressure hull
N = Navy of a submarine but within the superstructure, use

AF = Air Force SHIP (METALLIC) (BELOW DECKS)
*+ For Equipment located in the hanger deck of Aircraft
Carriers
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12 — Re— - SR . — . e ——
o [ T, I
110E | TC.URVE#F? IIIRNY—— 1
= A (1] |
1005 Zi CURVE #4
HoE. pd A Iclulllzw. #é
A90E A ~ P prp—
= E /a" L7 | LA CURVE #2
5 80— A A AT T CoRVE #1-
% _f:,// !‘/‘//” A K |
_‘7‘9’; - i L‘ / i T FH =111 TH{59
b= E il / FAo 3 w2 i
60 ;//, Al SRR ;
“E L R 3
50 _/ f e | 1] :
9= // THE APPROPRIATE LIMIT CURVE SHALL |/
43 BE DETERMINED FROM TABLE 2 ;
Yz — S E
l TR
10k 100k 1M 10M 100M 1G
Frequency [Hz]
2% 7 CS114 WA 3HA
Fig. 7 (CS114 calibration limits
100
<10 -
5 <
& .
=
[&]
o
51
~
0.1
0.01 0.1 1 10 100

Frequency [MHz]

19 8 (CS116 3+HA)
Fig. 8 (S116 limit for all applications
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110K | NN il |- | 1 —— =R
100t !
10 100 1k 10k 100k

Frequency [Hz]
a8 9 T8 71719 RS101 A
Fig. 9 RS101 limit for all Navy applications

¥ 3 RS103 34
Table 3 RS103 limits

LIMIT LEVEL (VOLTS/METER)
PLATFORM ALL SHIPS
ATRCRAFT SHIPS
- (ABOVE SHIPS
(EXTERNAL (NON SUB
AIRCRAFT DECKS) (METALLIC)
OR METALLIC) | MARINES | GROUND | SPACE
] INTERNAL AND (BELOW
SAFETY (BELOW | (INTERNAL)
FREQ. SUBMARINES DECKS)
CRITICAL) DECKS) #+
RANGE (EXTERNAL ) *
2 Milz A 200 200 200 10 50 5 50 20
to N 200 200 200 10 50 5 10 20
30 MHz AF 200 20 - - - 10 20
30Miz | A 200 200 200 10 10 10 50 20
to N 200 200 200 10 10 10 10 20
1GHz | AP 200 20 - - - - 10 20
1GHz A 200 200 200 10 10 10 50 20
to N 200 200 200 10 10 10 50 20
18 Gz AF 200 60 - - - - 50 20
18Glz | A 200 200 200 10 10 10 50 20
to N 200 60 200 10 10 10 50 20
40GHz | AF 200 60 - - - 50 20
KEY: A = Army * For equipment located external to the pressure hull
N = Navy of a submarine but within the superstructure, use

AF = Air Force SHIP (METALLIC) (BELOW DECKS)
=% For Equipment located in the hanger deck of Aircraft
Carriers
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9 aFAge ® 43 2o,

4 IP5+w (KS C IEC 60529)
Table 4 1P Grade (KS C IEC 60529)
A1E5A 55 S+
ZA Zhekgh v %9l
0 [EES -
1 A& 50 mm o] e | AF 50 m FRFC] HALE ZRETE 4] FHskA
w2l g we erolob gt
9 A& 12.5 mm o]/Fe] ¢ AF 12.5 mn TR AR TR BV} 2hA S
ol e BB S3}317) folof dhit.
3 A5 2.5 m o] 9% [XE 2.5 m TEFY HAME ZTEB7} ¢35
Xl gk 1S gotof g},
4 A2 1.0 mm o] &% [AE 1.0 m TEF] HALE T2 HI} A8
2o B3 B grolof g},
5 % TS A3 g AL oy ok
- o] WX FIe oF At
6 WX AE Qs
Bz AAL T2 B9 A 220 o E335} %= golof 3
L N = | O T T1 O haq
2% Be S
A et = o
0 —
FHow 4 FHoR golAt e due 9
1 o) ghole} g}
Ze] 151 7] o “ o
D) e RN uﬂo.] 'TLLO] 5% 7]3011:] 9}1‘1—: 73“[‘, T;Q]Oi
T = B d2e gl glojof gt
3 o owon Woll 4% 603 7X| 9] AER BN
= T FFS WA golef dr}
o el A oo FI B&
4 = 93 S WA ekotok st
o kol Al ool F-Alsle] o]
; & &7 92 " dgg uHA sl @
9 o 9 b T el A el 3k BALR
6 AE E Bl i Be “Hmo oare UO;]X] orolof
Aol ojgo] TEshE < ARF 275kl A
7 e Hog Asd A9, S 4TS
AEE slofok gk
ool 7R ASHA T AlZAbet ALERL (bl
8 & Ao Z5te A B d&Hom AR
g o] glojof sttt
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6.4 ZF
MIL-STD-167-10] w} Al g 3lolS
s Al Fol=

w) 2 gtstolof @,
5.2 9|#HAE, 5.3 B35 2 6.1.4 dAAF 2 6.1.5

AU QAo wEstolof Bk, AP AAE vt Pk
1. 3 Al
A e 7 5004 FoAH 7o =2 7H7st] A5 F3& 3=t}
X 5 FTHAEA AFxA
Table 5 Test condition for resonance search
A% Hpar T He o= Sweep rate
[Hz] [mm] [sec/Hz]
X
Y & 4 ~ 33 0.254 £ 0.051 15
7 =
2. 7PAF I A9
AEgE T 694 FoJF 7oz 7St XA Ao A at
R =
£ 6 7P AR
Table 6 Test condition for variable frequency
AE W Ty H1Y 9R = Sweép rate
[Hz] [mm] [min/Hz]
7}7}9) 4 ~ 15 0.762 £ 0.152
X =, Y =, 16 ~ 25 0.508 £ 0.102 5
Z = 26 ~ 33 0.254 £ 0.051
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FREA Al B TS Alglel A BT STkl A
S AT o] MW R 6ollA FXo] EFEHE FIhF 9]
GRZ o2 FRo A wel i 7elA SFEE AIRE A&t 7H
gh. TRl glow 33 Hzell Al 0.254 £ 0.051mme] ©RZ o7 247 &

7 FH T wE AEAE ARk
Table 7 Vibration test time by the number of resonance

TR A R R R R R R s %= A3 A7

(2] 3]

1 120 120

’ o9 120

’ 4 120

: . 160

> 40 40 X n

6.5 27

MIL-STD-901e]l whe} Alg shol& of A sfstoiof dtrh. o, =~ &

[e) [e)
S A5 A E 5 Q).

- 7 F% 524 Mg (Lightweight shock machine) : 4 T8 4 Al3
7] AA ] AREE F FAMGRE Y R FREY FA - A 23D
7} 250kgS WA HEB s, ek Alge A7 ARdle Aa7E %
I}ahA] GFofof g,

F
_?L
>,
kil
lo
ol
=
N

F RE weko R 25 4mm - 12.7mm
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Class III
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Aol BW, FW, AW F 309 HO Y, 2) PR FA
oANA 1, 3, 5 feet®] am ol 27 39 FA(F 278) S e
oful A A Ak 24 L Ackae] gl npEy,

Ackdrt gatkd guEe o0 324 A v wAE ¥ 5 v

il

Group I ¥ Group Il ¢ 54 T AN 4 R=& yehya,

WA 2 RS UlElAE Group I T4 ol YeERATE. (3719 &

== vehfol dobH | Group I 9 2 series?’}t £7-%9)

AAde A RE B AAE A 5 A5 F4 A dine] Fo] U
Azde] olsAF e webA F 3¥e SAshH, olwfo] sfue] Fo] %
Hadie] olE7 = & 8l A e dE A7,

AR ol N RE Az AR F A5 T4 A dire] Fo] U
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Azrye] o) BA] mebd F W SAF, oluel el o] 2
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I8 T TF FAVY MY 4
Table 8 Test schedule for medium weight shock machine

IE WS I i il
EHA 3l 2 2 2
d=dle] oleAy, <1 3 3 1.5
Azl & 3% (FE5) aiv] s o] (ME)
1000 o3t 0.75 1.75 1.75
1000 - 2000 1.0 2.0 2.0
2000 - 3000 1.25 2.25 2.25
3000 - 3500 1.5 2.5 2.5
3500 - 4000 1.75 2.75 2.75
4000 - 4200 2.0 3.0 3.0
4200 - 4400 2.0 3.25 3.25
4 400 - 4600 2.0 3.5 3.5
4600 - 4800 2.25 3.75 3.75
4800 - 5000 2.25 4.0 4.0
5000 - 5200 2.5 4.5 4.5
5200 - 5400 2.5 5.0 5.0
5400 - 5600 2.5 5.5 5.5
5600 - 6200 2.75 5.5 5.5
6 200 - 6800 3.0 5.5 5.5
6800 - 7400 3.25 5.5 5.5

6.6 AT

MIL-STD-8100 we} A9 s}e wl Astatolof de}, o, zwe] A
ek

G mE ARl fd eFAe] A8HA g Wi Ak & >
ATt
o3
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e >—— Test — o
' : Measurement : :

150
—140 _
=130 E
120
110
—100

|
©
=

—80
—70
—60

Temperature

I T T 1T T T T T T T T T 1 !- & 1 T
0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Cumulative hours
[€ 1 cycle = 48 hours >

a8 10 7te =25% 57
Fig. 10 Aggravated temperature-humidity cycle

Note) 1. 2E=W3E 3 CE ¥A &+ HUAE A& A
2. 8% 2% 77 5 AUsEE 85 % 7HA "olE = Qe AL A9
3, BE A 7H (95+4) %92 AUEE 4.
3. AIZF 3 4 8 T 30 T2 60 T Afole] &% WIE AE.
4. AIZEF 10 T ol8k’l F48 o] AHAA Frleke =R AFESHA
Z A
6.10 L
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Table 9 Variation of power source
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% 10 W w23 LB 5714 88 7&

Table 10 Efficiency standard of a watertight surface type LED luminaire

ZxH) 2 = W] 4<% [ 1n] AL [K] Wz ]
30 o3} 1800 ~ 2100 5500 + 500 115 o] 4
40 o3} 2600 ~ 2800 5500 + 500 115 o] 4
5 o]a} 40 ~ 60 100 o] 4
* LED B A= 30 W o]sh= 282, 40 W ol8f= 33|22 /3t
TS Xk LED SV 35 Wolst= Alztstejol &b, LED 2 A=A

i

322 FAg),
42 630 nm *+ 30 nm

*
ol 1{" ofor 55

ol
o

z 11 H94 widd LED 57+ && 7|+

Table 11 Efficiency standard of a non-watertight flush type LED luminaire

FIEEIT %32 In] EERSTY e
25 o] 3} 1500 ~ 1700 5500 + 500 1150] %
30 o3} 2000 ~ 2200 5500 % 500 1150] %
5 o] 3} 40 ~ 60 1000] 4

x LED @ AQLAX= 25 W o]al= 23|2, 30 W o8t 33 =& A3},

* TS XFeh= LED 57| 30 Welsk= Al zfstoiof sy, LED B 474
T 59322 S,

* 20 A2 630 nm = 30 nm
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WY NG 7] EANE A

<
&
au)
td
uly
>
juii)
i
—
fe5)
(-]
offl
~
-4
rir
2

8.1 F&wA &
KS C 76531 wiet Al dsisie wl Agsteiof gttt A4l 2 000
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_61_



8.2d %73
KS C 76539 wa} A &sgS u) A 3tsle]op b}, =
AR -10 CTollA 1417 Fet W=

WA s, o] B S 53] wHE gk AlY

=

rok

8.3 /NHA &
KS C 76530 wha} A]els}

_62_



	제 1 장  서  론
	1.1 연구 배경 및 목적
	1.2 연구 내용

	제 2 장  규격 분석 
	2.1 국방규격
	2.2 한국산업규격

	제 3 장  등기구 특성 
	3.1 노출·방수형
	3.2 매입·비방수형

	제 4 장  안전 및 성능 요구사항
	4.1 전기·광학적 성능
	4.2 안전 요구사항
	4.3 성능 요구사항

	제 5 장  결    론
	참 고 문 헌
	부       록


