T2+ Bfvam

LED 38592 HA AA A AT

A Study on the Optimal Design of LED Navigation Lights

B & B R

20124F 2H

WG KB KB

HRE S LTER
©«  — B



= WY
TEE+: BMHIOE BHES.

ZAR : I8+ & H

Z A I8@eT "4 R

%z R :IEBLt F K

£x B : IBE1+ wr ®

£ B :IB#B+ £ E & 4

20114F 12H

BRI RBER K2



5 j]_ .................................................................................. i
_‘:/_i%’lj 124 X %_‘"l. ..................................................................... iii
Abstract ................................................................................... Vi
;q] 1 ;g- }\-] B i, 1
Al 2 FF O] B et 4
2.1 A AFZZHER] TEA] eoereerenee s 4
2.2 BIE|S0] ADR] e 11
;q] 3 ;g- /gy_-" 1;_; ;q]xJ— ......................................................... 17
3.1 35—_8_}74] ....................................................................................... 17
3.2 ALY T A OB E e 49
A 4 F FHIF E BA 79
4.1 A7), FEE EA] e 79






HHMHHHMHHHHHHMMHHHMHMHQ
uich
gsaazagzswmﬂmmgwm»—tgwm»—ti
\Y

N

W W W W W W W W W W W W W W W W W W W W N DN DD
—
©

A\« AN SRS« AN D N |\ A | N A\ S A\ o\ A\ S AN LA L A S D A A o

H

COLREGS] A BF S8} TEE] wemrvisennsissssssissssssssssssssssssssssssssssnns 5
G S 0] TLA] QA s sinss 7
BFE[ 0] AR HFH oot 12
FAR AR ] AT GIEe] O]FF QI TE e, 13
HI O] HWRAFQE ZE] wererrserrssenssseenisesi it 18
HM} qﬂj;‘d ........................................................................................... 19
CF2 Bl 0] O] B ZAF e 29
H-E=23) oko B ANMAMIL L., 25
g+~ =0 MR, A NI o OO 26
Ty dzgwelp] MR e 27
ZHL LED B W S W gt ..o 28
O Z A2 FFFE O] AR oot 929
D RERSCIIPAE, > T P 7 e, OO 30
G| S 0] FSHA (ATIRMEBIIN....cooenrinrccnimennsinsensessissenssinsenss 39
] S 0] FFBFA|(BA}) coeeveeerersresessmmseisiisisii s 33
LEDS] & HjX|ol] whE H10] FH (AA}) cervermermemenimeniniins 35
LEDS] 43 ujx|ol] wpZ HIQ] A (AA}) cwerereerrereseneenieieiinns 36
LEDS] A HjX|o] whE H10] ZZ (BAF) werersersemsemiereniniins 37
LEDS] 43 ) x|l 2 "] FA(BA}) e 38
LED 3J7] K9] @A BEA] s 40
AJEF O] A Z T corvveesssmeessssssssssssssssssssssssss s 49
B|E AT Y] ALR] s 43
FHSg Aol WROY FTF 44
TFEFZ A A 22 B e 45



L

iV P o\ A\ S AN D AN S o\ |\ R |\ S o A\ S R L R o R o A o\
R R R e R W W W W W W W W W W W W W W W W

= SRS NSO R R

N

H

N

H

H

H

N

H

N

H

N

H

N

WA Tto]] 3k Ao TR ATEZ] i 46

LEDO] thaF @20l ATE D] e 48
AHFO] B AR coorermermsrssonsssssmissmunssunsisiisssmsssmsssssssisssssssssssisssses 49
LED 33ls ZAQPAR L BEZLE i 50
LA BF0L A FIA] HFEO] BT e 53
GEFPMBITE  corrermrenmransiismostsstssissonssonsssisssisssasssusssaassiossssstassssiassses 55
AC/DC ABIEIL] FEA] e smesnseesssesseases 56
AC/DC B E] €] AFZL wovvvvvvrvvrerssennernneeeeeeneeneeessessessssssssssssssssss s 59
AC/DC AMEIQ] Q128 TFE] e, 60
LED T]7) K] 2] V-1 EA] oo 61
A Z] T FEEE B T veerrerrenee e 62
VA BN, - = 1 =Y /7 OO 63
LED 59 BE T i 64
B2 FE g R 66
PAREIERS I~ L N 68
Zuldro] w}ZMENT O] TS5 R s nenesnesnrasnrannes 63
LED TE ZFA] BB it 71
T =S QTF F LA e 73
H A 7] 0] T e 75
B T2 7] eeeeesseseesss i s 76
AL T ELIE e 79
IS 0] HFA AL 34
A A ZF BFFS0] QE I s 35

_iv_



il
7K

s
o

bo
"o
.30

B

16
21

3o

=K

o)

29
-31

O] LTI eervereereenenn

Fa5

—_—

41

il

-80
81

—_—

EREECIE

—_—

A

82

—_—

82
.+83

2 =24

—_—

A

I
i

—_—

4.2 A

A
it

4.4 A

A
it



A Study on the Optimal Design of LED Navigation Lights

by 11 Kwon, Kim

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime University

Busan, Republic of Korea

Abstract

Recently, shipbuilding and marine experts are endeavoring to
apply a LED (light emitting diode) to marine industries. The new
light source wusually has the advantages of cool running,
eco—friendly designs, long lifespan, and higher luminous efficiency
in comparison to incandescent or halogen lamps. LEDs are definitely
not sensitive to vibrations or shocks, and can operate at low
temperature in marine environment.

This dissertation described the optimal design of LED navigation
lights which can replace the existing ones immediately and overcome
disadvantages due to use of conventional lamps. To decide the best
arrangement and position of a LED module, optical systems of
existing navigation lights were analyzed and refracted routes of
rays were simulated in Fresnel lens that was designed for

collimation of lights specially. It was more advantageous to
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intensify luminous output that the LED module was located near the
focus of the lens from the simulation results.

Since the temperature rise in the LED module causes electrical
and optical variations to the characteristics of the navigation
light, a thermal design technique 1s required. It was proposed a
processing method which can lessen the weight of the heat-sink for
LED modules, increase the surface area and improve the heat
radiation efficiency by convection. The aluminum heat sink with
hollow inside that acts as a support of LED packages and a natural
convection type radiator was made a hexagonal pillar has a 12.5
[mm] width.

The filter characteristics against the colors of the lens applied
to side lights(green, red) and a towing light(yellow) were analyzed
using a spectrum analyzer. An effective method for replacing them
with LEDs were derived from the results. It was proposed the method
that can minimize the heat generation and advance the visibility by
the comparison of constant current driving and pulse current
driving circuits. The electrical and optical characteristics of the
fabricated LED navigation lights were measured and analyzed with a
goniophotometer. To calculate ranges of visibility, the vertical
and horizontal luminous intensity distributions were evaluated in
accordance with the COLREGs (Convention on the International
Regulation for Preventing Collisions at Sea).

When the LED modules failed, the operations that an indicator

lamp turned on and a buzzer sounded were the same as existing

- vii -



system for navigation lights by a circuit with photo-couplers and
relays.

From the results, the proposed LED navigation lights showed
suitable characteristics for marine environment with the power
consumption reduced by 90[%] and the maximum luminous intensity

increased by 20[%] compared to the existing navigation lights.
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F 0 2.2 FEAY #H A=

Table 2.2 Ranges of visibility and luminous intensities

[NM] [NM] | [km] | [NM] | [km] | [cd] [cd] [cd]
1 1 1.85 2 Sh 0.9 1.1 5.4
2 2 3.70 5) 9.26 4.3 5.4 65
3 3 5.56 5 9.26 12 15 65
5) 5 9.26 | 7.5 13.9 52 65 257
6 6 11.11| 7.5 13.9 94 118 257
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ga 2 5 vk oA p I pi 27 GAgAe] Aue b
FAH) At el FAFolth mepq wo] FAFo] 2 v
A e wAw Aashd 2Ate ARy o AAD we =24

Fol A2 wjdolA 2 WAz B3

_19_



(3.3)

P v =

.

°©

5

oF -

C
A%

/r’:

o) &g vohu

1]

H
=

o] A7} =4FXA

Hl
=

P 73 Al ol A

=

=
2 3.3% 2.

o

T

A

n

18t ¢ &2

R

n<

=
=

il

Ho AT FoA 7 wEng 2

dr

o}
=K

- 20 -

1.000293°0.% 79 13} 7] uf

[e)

T

=

=



I 3.1 tixEAQ A =45

Table 3.1 Refractive index of major materials

2 =3E ] 2 =Z=4g
73 1 Hl Al .501
A5 1.000036 ored 516
T 1.000132 A2 & .52045
F7) 1.000293 A 544
o] Ak} EkA 1.00045 St .55
A= 1.31 PET 575
5 1.333 PC 584~ 1.586
HEE 1.35~1.38 ] .60 ~1.62
o & 1.36 HE 661
Z}uk 1.373/1.380/1.401 A}sito] o 762 ~1.778
A A 1.386 ~ 1.406 2bslolad 4
= A= 1.4729 ool = 419
PMMA 1.4893 ~ 1.4899 GaP 5
ob= Y 1.490 ~ 1.492 GaAs .927
22 1.50~1.54 e .96
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717 3.49F o] H-E=3 QFS @ = (Plano-convex type thin lens)

L = 2
=R —eoR HEE S glong 2 3,118 g ge] 2 4

_:(77_1)(_) (3.12)

I9 34\ FH=E5Y k2l =

Fig. 3.4 Plano—convex type thin lens

R 2 o FYstA A A=
o gHomyy Wy Woix gl wWe F gom wAslel olggel %

AAEG = Aolst X Ao H3E= FHS A (Spherical aberration)
doZith, AAl A= AXAES FHATAY] BAS flste] A=z FE

S YA wg} HEEZ vlFHo R AFEA T FAHI AAS Qs =
BA A (Corrector factor) CE& #=E F2o F7lste] 2] 3.133% %
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AWEg LED 7]l 2 ARgE= 0.1[W]~0.2
H, 2" 3.7(b)= TR adEe] 8= A9E LED Tl AR
© 1E&9 LED #7]A o]},

Bond Vire

LED Chip > Plastic lens
Reflector Cone filled Silicone
with clear epoxy encapsulant
White
Plastic Case

GalnN flip chip
Cathode lead = P<_ Si sub-mount chip
with ESD protection
Solder connection

Leadframe

Heat sink slug
Chip Identification (Al or Cw)

(a) SMD LED (b) 2=¢ LED

a9 3.7 Z9WE LED W7)A 9 E=F

Fig. 3.7 Types of LED package for illumination
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¥ 3.2 LED #7119 Al
Table 3.2 Specification of the LED package

= Ve [V] A 2% [K] ,

A T e e e e B o B R S
Ha | FHd | & | 4

siolq | 60 | 2.9 | 3.5 3,700 8,200 | 6.3[cd] | 120

S5 | 350 | 2.8 | 3.5 | 2,600 3,200 | 93.9(In] | 115

Fall e oFtel Al Asol Hojok shr] witel HAA el o]%
o AT FA] wA|sAY o el ¥ 3.83 @o] olFTd=9] el

< HEstol Felle Alojriold ArlHew rE Ae A& HES T

9 3.8 olFd=y Fsje AR

Fig. 3.8 Photograph of a double lens type navigation light
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o] 3mE
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A= FoASOR o FN= FASAY AT & YRS 27
DA A
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Felle= &
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18 3.9 LED EE9 A
Fig. 3.9 Photographs of the LED module

a9 3.9(a)= AL o R LEDE #X 3 HA9ES yeld Zow Z
25 [mm]9] LED | 71AE <]z} 225 [° |2 wjx|sk Aol LED EE52 #H
2 65 [mm]o]th. o= FY AAE =HAHNA FHOE 32.5

&3 FEi7F "o,



a9 3.9(b)= ASZP o2 LEDE WA g Zg-°]n, LED 3 7]%] <]
S HAsloZ FAE 12 [m] = s LED #7141 S ¢)zF 240 [° 1=

A% 5 Ak, o= B ANE 2PALNM FHOR 12,5 [m] ©
3]

o Z I

a9 3,107 18 3,112 A oA Fak, dwiEa 9 %
Adl=o] AR FEAR 6 [NM]e] FeHd Aess z2te 459 FFAE

e AL
ol Aol o] AARS] el Wi REAIFo] 65 [mm], Fol 152
[mm]o]™, B4 &afeS W wkAEo]l 70 [mm], ol 119 [mm]o]v}.
=90l 24 Fd9 THdd AAstES Aol long A= Fi
= B oE 23AYE Fotd W B-=5F =2 A S35
# 3.3 d=o AEQd PMA (poly methyl
methacrylate)®] =dE3%4 ¥ HAZLTE H83to] AL dalso #F

514 Exolt,

3.3 71E g5 gt 54

Table 3.3 Optical characteristics of conventional navigation

lights
JaAn | dz zsug | 2949
A FA =
141 & N (o (o]
AR} A5 6 31.85 65
BA} As §) 34.30 70
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Fig. 3.10 Optical system of a navigation light (A Inc.)
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3430 [mm]
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(b) &3

I 3,11 &slso FsHA (BAH)
Fig. 3.11 Optical system of a navigation light (B Inc.)
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(a) 94 (12.5 [mm], O [mm])

(b) 4 ©o]=(12.5 [mm], 38 [mm])

1% 3.12 LED®] 4] wjx]e] wh& Ho] =4 (AX})
Fig. 3.12 Refraction of light in a vertical arrangement
of LED (A Inc.)
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(a) 94 (12.5 [mm], O [mm])

32.5[mm]

(b) &% ©]%(32.5 [mm], O [mm])

19 3.13 LEDO] % wjXel] w& e =4 A= (AX})
Fig. 3.13 Refraction of light in a horizontal arrangement
of LED (A Inc.)
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(a) 94 (12.5 [mm], O [mm])

(b) 4 ©]%=(12.5 [mm], 38 [mm])

719 3.14 LEDO| 47 ®jx|o] wpE "ol =d A= (BA
Fig. 3.14 Refraction of light in a vertical arrangement
of LED (B Inc.)
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(a) 94 (12.5 [mm], O [mm])

¢

‘32 5[mm]

(b) % °]%5(32.5[mm], O [mm])

% 3.15 LEDS] 43 wix]e] wE He] =4 (BAL)
Fig. 3.15 Refraction of light in a horizontal arrangement
of LED (B Inc.)
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Fig. 3.16 Thermal characteristics of a LED package
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Fig. 3.17 Simulation results
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Fig. 3.20 Optical measurement system
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