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Abstract

This paper studies a technique for reducing the electrical power consumption in a light
emitting diode (LED) bulb by using the thermal current manage (TCM). For the initial conditions
of the experimental study, the direct voltage at 8-21 VDC and the alternating current at 150-240
VAC are varied with a module of LED at capacity 0.5 W and the LED bulb at capacity 19 W,
respectively. Moreover, the environmental temperature is also tested at 30-84 °C with the LED
module to investigate the electrical power of the LED bulb by using an electrical heater at capacity
50 W. It could be seen that the TCM technique could be improved the LED efficiency. For the
experimental results, increasing the direct voltage and the alternating voltage effects the electrical
power consumption increased including of the high ambient temperature. The LED bulb with using
the TCM circuit could be reduced the electrical power around 3.3 7% compared with the normal

LED bulb and around 53% compared with the fluorescence bulb.

Keywords: Electrical Energy Reduction, Light Emitting Diode (LED), Thermal Control Management (TCM)
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M15199 1 AaanBaE LED Module

Specification of LED Module Value
Tnput (V) 100-240
Frequency (Hz) 50-60
Power (W) 19
Length (m) 1.2
Life Span (hr) 40,000-50,000
Color Temperature (K) 4,000-6,000

M99 2 ﬂmﬁ"ﬂymz AC power supply

AC Power Supply

Output voltage 1-300 V

Maximum output current 5 A

Single output

Maximum output power 500 VA

Voltage & frequency converter

Power metering

Input: 85-250 V¢, 47-63 Hz
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180
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40 : LED with TCM
= 120 Normal LED
E 100 |
5 8o |
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AR pszuatulih | #adszneu maallih | nszualdh | daalszeen | madldih
L (A) malth w) (A) maluih (W)
150 0.12 1.00 18.2 0.14 0.86 18.0
155 0.12 0.98 18.3 0.13 0.89 17.9
160 0.12 0.95 18.3 0.13 0.86 17.9
165 0.11 1.00 18.3 0.13 0.83 17.9
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waen W LED nuu'hifinns TCM

waoa vl LED nyu@iags TCM
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170 0.11 0.98 18.3 0.12 0.88 17.9
175 0.11 0.96 18.4 0.12 0.85 17.8
180 0.10 1.00 18.4 0.12 0.82 17.8
185 0.10 0.99 18.4 0.11 0.87 17.8
190 0.10 0.97 18.4 0.11 0.85 17.8
195 0.10 0.95 18.5 0.11 0.83 17.8
200 0.10 0.93 18.5 0.11 0.81 17.8
205 0.09 1.00 18.5 0.10 0.87 17.8
210 0.09 0.98 18.5 0.10 0.85 17.8
215 0.09 0.96 18.5 0.10 0.83 17.8
220 0.09 0.93 18.5 0.10 0.81 17.8
225 0.09 0.91 18.4 0.09 0.88 17.8
230 0.08 1.00 18.4 0.09 0.86 17.8
235 0.08 0.98 18.4 0.09 0.84 17.8
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= 1810 |
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160 166160 1656170175180 185 120 196 200206 2102156 220225 230 235 240
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Power factor | Voltage | Current | Electrical power
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) v | @ W)

Fluorescent 1 - 1.00 22711 0.16 36.33
LED 1 - 1.00 232.25 0.07 17.32

Saving (%) 52.31
Fluorescent 5 aunIy 0.92 22947 0.90 190.26
LED 5 awnIy 0.89 230.56 043 88.59

Saving (%) 53.44
Fluorescent 5 YU 0.98 23342 0.84 191.84
LED 5 AU 0.89 229.82 043 87.10

Saving (%) 54.60
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flszneumasmaluih | madlwih | usedulih | aszualvlih
YHAYaOA
) W) W% (A)
Wgeoisaiand 0.66 38.61 234.28 0.25
LED 71fi96139993 TCM 1.00 21.06 234.43 0.09
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1 I o ' [
msdosadudmisgudmsilfidesmsuasainiSnannn fiaglsyad fe
deans Itnaeadnaiedsgagna i Tudw naasdudinieludw nazdesadiensnm
e lumsiszdu dateyai laninasiaian Mihvesszuunaeainveswasaliviges
: 1 T o ar { 1 l‘§’ H 1
ienasugiazvana Il LED uaaaluaisiei o wudt adas llilundodenuniian 15.45 wim’
uag 10.73 Wim’ equdiay i liinufinguuedmua’ld dwmSuns e idihaesadnanislu
&£ Y AN o ' 1 ' a 2 o
21715 dapadinmas Ithaesadnegega hifu 18 Wi’ (anznssunsuTsnewdaa

UH9IA NTENTIINAIY, 2552)

g= 1 1 J ~q 9
AINN 9 ﬂ']ﬂ']'Illl.Lﬁ\ﬂﬂ')'iﬂ“l]@dwuﬂcl.slﬂ"luiﬂﬂﬁﬁu

' AANUUTIANS (Lux)
P33381 7
vaon lWvigessarun vinon W LED
AU 959.63 765.00
AANAY 937.72 734.91
nay 948.67 749.95

msmaﬁﬂfhﬂ'.nm‘?mmfNmmﬁuﬁifi’f’ﬂuuaxé’mumawawaaﬂ"lﬂﬂqamsmwuﬁ
uazviaen Wl LED ¥093uazaInde 24 he 1minﬁ§ﬂ°lﬁ’éi’mﬁﬂa“lumﬁwﬁ 10 WY1 ¥iaen
Tvgeersaivuduaznasnlil LED fismanudesaundovesiudeganiiy 447.61 Lux
waz 368.16 Lux mud1dy defidvuszauanuaiadedui s fnualiin fud
B35uA1 AYsTiszAURIMa AR 300 Lux (31eying, 2550) Tnoteyaseazideansasinia

waad lUNIRHUIN N

ci 1 T zg Aaq o E
1IN 10 ﬂ1m11|Laﬁaﬁﬂdﬂumwuﬂ%nuum%uﬂwm

MANVUEIE N (Lux)
FazIDHA waon lWvigesisawud vaealvl LED
o =) :; [¥) =) A
nanedy | nansAy | wde | aensdu | neneAv | (a@e
FuuL (125 mes) | 85033 | 85470 | 85252 | 66744 | 67644 | 672.04
WUNE1 (0.75 WAs) | 582.83 | 594.68 | 58876 | 47171 | 47548 | 473.60
Fa
FuaN (030 WAs) | 43526 | 45997 | 44761 | 363.94 | 37238 | 368.16
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I 11 899151990 12 WA znas e HgAMans WoI eAANITTIITeE T
H o
Tmilawldvaea vl LED Rdaneens TeM nlsoueunuszuudesadnuuuiu (vaoa
@ 1 o a i
Wgeosaud) annsadsevdan Ifuiluiku 7,433.06 Babvy Tasnisnlaeuszun i
' a3 =y 2 é’ 1 i
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@15130 11 suiavaea IWgeasaaudnindilssneuns

szundesaain waea lvihges s
510015
YUIA 1.20 11A5 YU1A 0.60 11AT
: Philips Lifemax Super 80 Philips Lifemax Super 80
U
TLD 32W/865 UNP TLD 18W/865 UNP
Vmana G13 G13
G Cool - Daylight Cool - Daylight
guUIT (99sARIL) 6,500 6,500
AatAMIQNABIIDIE, Ra 80 80
ATWATN () - 3,070 1,275
nsedunszua 1iih (han) 103 59
Aanudveanszua 1l (a54) 50-60
9w ar a1
M3 14 a3 (Inaneviaon) 32 18
szAnEnm (@uuuasing) 95 71
a1gms i 15,000 15,000
gG0) Silicon Silicon
YUIA (Hadiuag) D 28x 1213.6 D 28 x 604
9181 (V) 79 65
gilnaaiiaiy ViamadsianTnsiin DYNO EBX -3201
Y w @ d

s ldmasa (Indnesm) 5

3101 (m‘n)m 380

owmslda @™ 5

uvasiun: [1] auiiavasa llvigosis s (Koninklijke Philips Electronics, 2555)

@ A a o o @
[2] s vaen llvigoaisaand taaad (U3 &.013 Bwaedilind 1n%, 2555)

31 famadeannseiing (M3 lWhehondauvialszmelne, 2552)
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] H ¥
m3ail 12 dniaviaea Il LED fdadiaans TeM vindilsznaunis

seundesai i wasa i LED)”

ERULYb

YUIA 1.20 11A5 YUIA 0.60 LUAT
™ waea i LED viaen 19l#l1 LED
Wmaen G13 Gl3
G Cool - White Cool - White
guUNINT (PIAUARIY) 4,500-6,500
AriiAIQNABIVBAT, Ra 70 70
ATINATI (QUa) 1,600-1,840
usadunszua I (Taav) 185-265
amaveanszualilih (a5 50-60
msldwmasan (ddevaen) 16 8
UszAnEnm (Quudeing) 100-115 100-115
oymslaa 50,000 50,000
f’é‘fﬂ Polycarbonate: PC Polycarbonate: PC
YUIA (Haaieg) D 26 x 1200 D 28 x 600
31A7 (1) 1,200 650

uwasitun: [1] auiianasa lvivigoaisaaud (Koninklijke Philips Electronics, 2555)

[21 simvaea llvlgeesaiaud amad (U5 & 013 Sumodiding T1q, 2555)

3] famadaannseiing (Ms Tihdherdauialsemelne, 2552)
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STULABIATILAY suudasanalui
o waon lih FLU vaon lW¥h LED
Ju
. Philips Lifemax Super 80 waea {1 LED
waon Wi 1.20 uag
TLD 32W/865 UNP TH-1600 (T8 16W)
. Philips Lifemax Super 80 waoa LWl LED
viaon Inl#huuin 0.60 tuas
TLD 18W/865 UNP TH-800 (T8 8W)
GUNThIY
qnmqﬁﬁﬁ’maaﬂ (osrnaaina) 36.80 28.20
nszualihwenann (ad)
vaoa lvlihwua 1.20 uas 32 16
vaoa TWilwing 0.60 a3 18
vaoa Wil anndeviasa)
sinmaea i 1.20 103 79 1,200
Tinmaea IWihuum 0.60 tuas 65 650
gulnsaiiaTu iamadoiannseiing i
iaallfhwaen 18 Tadsm (Fadaosym) 19 -
e llfhmaea 36 Tadsu (Tadnesym) 36 :
Tinnfamanolannseild 18 ad wm) 380 -
smfaaradbiannseiid 36 Jad () 380 -
sumasalvih
Sumasa lvifinianuaiiimsaseia (naen) 44
vaea lvihuuin 1.20 uas )
vaoa lvlihuun 0.60 tuas 2
Foyavesaannlsznoumsitinisasnia
anmuadndiaae(Tas) 233.00
A (1§50 50.00
dnlsznenriaa Wi 1.00 1.00
Huildm @sams) 72.55
nszua T ihs sy el 7.29 3.67
e Ivihsdasz i (Sad) 1,121.06 77822
e Ivflundureiiui (adaemsans) 15.45 10.73
g Ifunfeuseiou niwafion) 807.16 560.32
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FEUVFBIATUAY

sugasang i

o naoaliih FLU naoa Wi LED
pamstlszndalih
nszua Tisnniasz uuiianas euld) 3.62
nssua s mmaszansianas (1 ledidg) 49.66
fda IWihsnmaszuuiianas (ad) 342.84
fda Tvfhs s uniianas (aledidue) 30.58
g il undudeiiifionas (dremsatuas) 473
srda vl undudeiuiiianas (Uesidud) 30.58
i lilflundouso fauiianas (niawadion) 246.84
maallflinduusedeudianns (e 30.58
e lumsdmammiih
Peak (11MABH1) 3.62
Off Peak (LNMABM1I ) 1.19
S Tl Peak (1 Taadedi) 13
s I 9ha OFPeak (3 Tuane i) 11
FLTNS (UMABYIIY) 228.17
daTmshadeniou (@ T 720
drTuamaraaet (§Tua) 8640
slvlih
i llthawdeou madew) 2,253.65 | 1,634.22
' vthsodeuiianas madiow) 619.42
althnodouiianas lefidud) 27.49
' rl¥hswdl i) 27,043.74 [ 19,610.68
'l eiiianas (il 7,433.06
mlthswiliianas (1ledidue) 27.49
mlilthiaansnaoaeymsldim () 44,598.34
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i L) = v 1 ¥
A13NN 13 VOUANITAATIZHA Iihaeeszuutaaadn (o)

SEULAIA LAY szdeada i
T waoa il FLU viaon Tl LED
ou'lymsinaan Fuasugrnand
sarmeni Gevazast) 7.33
ogmslfanueanaen lith aihiou) 18 7
pymsldmveananaliih @) 15 6.0
omsFuveniomad G " 5.0 -
Guasuaasaoyms g ) 47,232.00 51,700.00
FuamuanoagnieymslF am) 4,468.00
msisziiivdunsygmand
szozanunudl l 0.60

winug: (1) aniAvaenTioindilsznaums (Koninklijke Philips Electronics, 2555)
(2] mamlsznoumaliihidnnmsaieinsi wwoe mazaIndo 24 he
(31 35iam Tlthsast Tou uag Tob (ms lilfhdugiing, 2554)
[4] Sasmenilumasuessuns nyamyi n3alne ndnsIne Tnevndivd ngarfogsen (mnmsintalszma’ng, 2553)
(5] Anoms 1Fauvesrann liigoas aenidiouduvesa i LED Taoitsnmasalislgoss usudnaii

2 - aa o v = o v &
[6] TEHENMNIUNY finlunsiifadivasa vl LED unuiivasa hhlq DOITTLIHUA

mifanaviasa i LED s2uiuszuunda iihwdsauuaserfing

A o e g I~ = 1o a o
Lllﬂﬂ'lﬂ']'iﬂﬂﬁﬂ‘ﬁﬂﬁﬂﬂblﬂ LED NAan19995 TCM luiiniva ﬁ'IiJﬁfl‘lj‘iﬁﬂ?JﬂWﬂQ\Tm

1 ¥
TWih 186 neuioudunaealv LED i hifiasaases TCM nasviaearlgesisaiaud Taons

3y
a s

' w Y A o = o @ ¥ a o c’lJ A
ﬂﬂﬁﬂﬂiugﬂ“ﬂﬂﬂ’qu 1“1’7']‘1!91’”“””'1 m‘;‘ﬂ’ls‘uu\ﬁuamuma"lﬂﬂlﬂw"lu’mﬂu e AAe

Y Aa :’J 1 o o o a o A ' =
vaoa lW LED 1AAA91993 TCM munm:unmm”[vlﬂmmqmuﬁammﬂ INOEUTTULDS

]
o =

advayuu Teuwuesninighaeanisiiuns ldnasrumanny nedsduneuauessu Toue

o

- ) 1o we 9 o a =l A . %
YaaurIngaod TanasansiluumIneasa@iiedvse Green University

= o =y

szruRaanszua I mdsnuasefiadiuann1IiiuiE uen waduaioingvi o
Twausad (Solar Cell) WinmihAnaawas lwihanTadeiaderiad nszualvihnldan

¥

wadnaseriadezdu ldihinszuaass dody Sideanisire Tl e nsal TWihald
Iflnssuaady desderaduaeiiadidisuns eautaenszua i (averter) Faiily
qﬂﬂiﬂfﬁwﬁm%’uuﬂm"lvmmimmﬁﬂ (0) Wil lWihnssuaady (AC) uazite Wiz
annsadmdaan T 18N 1 1daasaiatu Taomwizediadalunainaraii
apantsnasa T Tl 15 ussun Tfhwesadne szuudaiimsdszgnszua i 147y

1 o i a a s d
UHAIAEANNAINUHTBULANGT (Battery) Tavszuunaanszua Iiihanndiauuaseing
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waqlagan1id 9211 1) 1Feu lussuu TWiheasaenieusneims auaasieaz@ealuniv

117 Taea15197 14 uaasswazideauazlnmdiulszneuvesssuunaanszua il

[ = d W 1 ' '
WATULED IR Y ﬁ'lﬁ‘i‘iﬁl'lﬂiﬁllﬂ'iz'lJ'thlTlﬁ"ll.tﬁi’d’ﬂﬁﬂ"lﬂuﬂﬂ'éﬂﬂ'ﬁ

UAIBARUAID 1N

(solar Array) vaanlW LED

ArasuLlaangzia lnin
(Inverter)

.:""" {
. i

I.!.'JJC"II.FI‘E]EJ‘
(Battery)

ATGITAS

{ o o = s a  d
mwﬁ 17 ‘Hﬂﬂfl']i1'1'1\1'I‘I-HI'EN‘E&"]J‘UNaﬂﬂiz‘lﬂﬂ1ﬂﬁ\‘l\ﬂuuﬁﬂﬂ’mﬁﬂ
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4 [ a o =
ﬂ]‘iNﬁ 14 ’ﬂ"}‘uﬂi$ﬂi’]'lJ“UENﬂ']5Nﬁﬂ1ﬂ'ﬂ1‘ﬂ1ﬂ£‘ﬁﬁmlﬂdﬂ1ﬂﬂg

gilnsol

¥Ha

ot

aq

AR

U AAUAI DA

(Solar Array)

=5

b R

Single crystalline

silicon solar cell

Silicon

P, 300 W

Module efficiency 15.5%
Cell efficiency 17.7%
v, 368V

I,B15A

V., 449V

I, 850 A

Conventional

Bronzed

usagu i 13 v

ang ldh: 21 AH/20 b

wyealasngzua T

(Inverter)

S -120A

Power continuous :150 VA/150 W
Max, Surge power: 200% of continuous
power

Voltage : 200 V. +3%

Frequency : 50 Hz + 0.1%

Max, Efficiency: >80%

Low battery disconnect : 10.3-11.0V

CA-03 220V

Standard lighting : 31.5-125 Lux
Suitable surroundings temperature
range : -10 to 40 °C

Service life time: More than 2,000

times

Rated frequency : For both 50/60 Hz

waoa Wl (LED)

ESbright 8 W

Model: ECP-178W-T8-19W
Input: 110-250 V.
Frequency : 50-60 Hz

Power: 8 W
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wiln g o qomid

Environment temperature range : -40 to
70 °C

Total luminous : 1,460 Im

Length : 0.6 m

LED board material : Aluminum

Efticiency : 90%

Life span : 50,000 hr

Color temperature : 6,300 K

2 =y a’l =y Q oy (73 L] ]
Tuaoumsaaniszuuraanszia Wi mdsnuuasoiiag dmsusieliunszuu i
3
HAEINNIIUBNDIATT VOIINIEAENAINUNAUNY Uy Ineaeud 14 Uasae Tl
A d H o
1. afugiedluiivadwiuan Idouu Taegruilvinanundia 169 cm A918717 229 em

aauaaalunnd 18 uaznmi 19

. 3
A 18 grutiaen lldmSuAndsvaeal LED
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- _ 169

—
Fa Y
e
Vs

2?9 O

- 229 L. D8

MW 19 yauedgua Iauu (niae: cm)

9 2
2. aua IauudmiudadavaealW LED L‘lgl"l fuszuusannszue Wmasnunes El'l‘l"iﬁ'lff

o - a
Taoan TWflvnnanauga 2,400 cm AN 319 48 cm Aauaasluniwdi 20 taznwi 21

; N2
2 20 e Idmsuiaaavaea vl LED
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| 1107
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BOOOW
2400
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M 21 nnaan

1 k) H
3. wlasursesnaea aeluves Iay lwdmumsandavasa 1 LED dsuaadlunini 22

i 22 Tau'lWdmsulavasal LED
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4. yanquinorwae lihoinen Iidhgszuusdanszua Iihwaanuuaseriiad duda

Tunwd 23

ot 23 ngniane o Tldhgszuusdanszua Idihwdsnaserind

5. wamwhgwsesfuszuusaanszua Ifhwdwunaserindawansluniwi 24

d' =5 a o =3 o
NINN 24 ﬁ'lu’}'lﬂl.iﬂzﬂﬂ'iﬁﬂﬂﬁﬂﬂﬂi:tlﬁ‘lﬂ'ﬁ"mﬁw'luuﬂqB'l‘ﬂf"lf]



o 1 =y o = o
6. anansszuuaelviinvasa’ld LED mhgszuunaanssud Wihwadanuuaseniinde

ara lunwi 25 tazn i 26

AW 26 sruupdanssua Iiihwdnunaseiad
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7. sznuraanseud Iihwdsunaseriadnududse dmdunie Wi 1dunszou Twil

waaEas Y 3 e vy uansdaniwi 27 uaznmi 28

mwnd 28 1 Wi a5 unszualiihanssuusdaaauaseiad
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Wgns lyond wavaigya qui. msaadSuanisldwasauldihluvasa v
laTeanldaaTaomaiiamsaiuauneanuieuninnssualilih (Electrical Energy Reduction in
Light Emitting Diode (LED) Bulb by Technique of Thermal Current Management (TCM)), U714
350l Procecdings duiilessinnisvszgudurnmdinmsjluuumdinumannug s

Y Y
szmelne avan 6, v 579-589, wmInedsumarsay, Useme Ine, 13-15 wgeneu 2556.
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13-15 ngadney 2556
EC011

msaadFinmmslsndnmidihlmasalilaloawdsnmlaomaianisawgumuannian

wnnszud il
Electrical Energy Reduction in Light Emitling Diode (LED) Bulb by Techniqueof Thermal Current
Management (TCM)
sigwt lrogd il aud
Snyrdbvidanaunwm o fbusllia wuasnsa.dunna v.18slmiso200
Tnyevod/lnTanT 053-875140 E-mail: benz178@hotmal.com

unanya

sudsuilanwnieedannmildndliineasealnlorwduas Tnoldinafiams
amaunIIANTou r-i1u':sas'lv!v71n1uquU?uﬂmni:ua’lvis:l‘-rﬁ"\hUlﬁ"uri-nwwi-nﬁaum (Thermal
current management, TCM)gaTnUszndandssubivinamasalvlsloawsiuss naraunule
daulvaniremandsundasursdulvvhnszurasaludag a2t Veolatllugaduiianasuuylalon
1u1n 0.5 WusswrdilvivhnTzuaadut50-240 Viclaolduasnbilalamdizwna 19 W awddn
Tumarey n‘mﬂﬁﬂutxﬂﬂaqmﬁglem'samm‘manm'lvl'luﬁw 30-84°C Taeldvamaluivluwia so w
Trnufoundemalagssulugsiifiausuuylalan senisfinyinudn minuquaneanufauan
nazualviha snsnssfu mnsaualif ddeudheas s (afin i useduusadulv i
NTEUANTILAE NTEURRRL ﬂnﬂamfinqmngﬁlmumurﬁawaaﬂﬂ’lﬂlamﬂe‘:auﬁeq\sﬁu lagaioandan
milandsaulimosmessalvialandasldtszmm 3.37% (Wofsuiuwsanlvinlonysauas
woutnd wezarInen AU T m 53% ;ﬁmﬂ'%umﬁsun“umnaﬂgaunmww’

drehsity: nraravsanwlibmsaaiWlalaauldasninugumeanudounnazuatvivh

This paper studies & technique for reducing the elecirical power consumption in a light emitting
diode (LED) bulb by using the thermal current manage (TCM). For the initial conditions of the
experimental study, the direct voltage at 8-21 Vy.and the alternating current at 150-240 V, are varied
with a module of LED at capacity 0.5 W and the LED bulb at capacity 19 W, respectively.Moreover,
the environmental temperature is also tested at 30-84 “Cwith the LED module to investigate the
electrical power of the LED bulb by using an electrical heater at capacity 50 W. It could be seen that
the TCM technigue could be improved the LED efficiency. For the experimental resulis,increasing lhe
direct voltage and the alternating voltage effects the electrical power consumption increased including
of the high ambient temperature. The LED bulb with using the TCM circult could be reduced the
electrical power around 3.37%compared with the normal LED bulb and around 53% compared with the
fluorescence bulb.

Keywords: Eleclrical Energy Reduction, Light Emitting Diode (LED), Thermal Control Management
(TCM)
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1. unia

sqaaﬂ'ivlvvhsﬂuqﬂmrﬂﬁ'uma'murimyuu'mLﬂunmmu ldiAamslinygsousassaune
ua:DwLﬁuq:1ﬁ'uﬁu'uuqmm’mummfulaEsmvj wmﬁoﬂh“)q;fu ludl n.e. 1879 Indfa waann wofidu
anandnduldaanrndudanlodoenliduiuianie 2@ dwaamuts 40 3l hquu
%al.ﬂuqmnhmsmsﬁfﬂ'uamaam'lﬂv‘i-l Iugausnwaanlv sudumaealimonsufiliiuredindosuas
wasmanudau Made fa ldmasaviaie ergnsldnudan weefinly Salnstndunsnimm
waan livhaliad q%umaMdsimdm (i) hﬂamiﬁ'“annvlqamm-ﬂuﬁ udu (lariuanuaie a
awmsldnu aq'?ngwa"\n'muaz’i‘!'ulnfaﬁau musndslurniied 2imass iilssunuaulerialan
’hmumy'fm;wé‘muua:éa wiadny Ao waaa alamiddaums (Light-emitting diode, LED)

suisuiiAITaaiunasaly LED finsfinunannuno las EkpenyongNarendranet al, [1] loains
wuuaesmadiamanivioUfiugnmgfues Junction LED Weurunadldanmenaass uadlld
wuiifianylndifoey viminGuet  al. (2) Idauasmisuifivnsudszininwenadosainnee
aulnafuvasnaon WLED ﬁﬁ'qg-}'ﬁ‘xﬂ fowluidial#snmwinioriananuaiie (Dimming methods) 1fia
Witz anEn wansdadainataswaon LED Chun-Jen Weng (3] shiauanisdanisansdoulu
waaaWLED laudiianenmsdiwammiaiiomanufausensinvanslauaiteuigainiouniguen
waan wafildwuTirwoasanyianiifaninanudiuniunisanufauainniswan nufauld
rsun 20-30%Lan Kim (4] viauaanumeninifinanuiouras LED arays leuniyingunnd
Junction wasdtsasmRTLR A auiAnduniy LED arays fidinrruioaafousdan Heat
pipe Kl idnumsInsngmmpfiuas Junction 370 87.6 *C saaanldidu 63.3 € Anrandanu
alie )

Pinudsbeneg Aldnaanuitheiuesieh ouddsmulagaislumafnynuudaoams
ﬂﬁmmaﬂﬁﬁnﬁﬂmuqnmqs‘]ﬂtﬁn%’uﬁumm‘MLED wasAnyInsUiid nsdismaufouasnain
WaonMLED 1w nisdasagunashatmdadiumaiomanafaulmuydn g Lideadu myhars
Jou mrwaaadou ﬁetmndua‘lmm’m‘hfﬂﬁfﬁqL!szaaﬁw‘iaﬁnmﬂamqummmwu:"aumulu
Light boxasmanaiviLeD Winsdl flosndamimaldndinulisiuaslaaiiamu i siudadiasnn
manemnvesrsduredlllifofnnla-Daaind wialunsdlAaviruasmay

o
2. nnufiivaia

:.n!ﬁ 1 usmanundeessasmaeniv LED Sumnsulddediufausfiduasfiadih PN
Junction(LED junction) uralansharnuieusonaan Junction {Soclder point) mmfu‘!zmum‘m‘i’auﬁ
1#fuushunada (Substrate/Board) Uas TIM {Thermal interface material) WintomlsRaunndon (Heat
sink) dald
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p L — Z“ —\"‘“—-\\\
| TED junction
hi i ot Lise

Substrate/Board

hermal Current Managene it

T

Heat Sink

L JLLLE
Y

HEAT is removed from

EED ¢ip to ambient

31]?%1 wuuitnavana iy LED

T!un:llun

Pireo Q) Ry

th

TAllbhl'

4 »
a2 wuuiiseeniannasouunswaen i LED (5]

o R u W.r
zﬂn 2 wamsnuudiaoamuanuiauvasnaonly LED laold LED chip (Juuwnasdnp

nreus i arudumunisaeTaududa dunu wazgunnfRsurasouiduundiig
= L e -
wrsanlvh dauansldiiaumsfi 1 uee 2

sinngvaslowy (Ohm law)
V=R 1)
'\nngﬂ'ﬁ 2 Wiuuifisuriuanniai 1 1

Tavsion™ PreoRia (2)

ol . | a s vy T *
naunsi 2 eldiuiogmun pIRIIRRDNGY (Tamen) TrdHalHART I WD ARATH
w u v u . [T |
LeD gaw U (Pueo) lavimualdarwsimmiunisnnuioy (Ry) faliwdouudsallany
S 5 ) 4
gunn il aiuazddnadonTIzuIuaIafausenan Junction 183 LED lawass ilasnintziny

ﬂ11m"auaan§'§au'ma"au'im"ﬁnuﬁu auToused Junction gaatylddae unaldriarlvshaes
&
waga W LED golu
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3. Afmsnaaog

mmagaumILURuIAINTeueani N 2 dunan fe s Asusdasssdunsaaulilh
iwldiinsoal LEDIsemmURoussgompififuareuinminszuslitimesmsond LED
3.1 msnaaasid Aoussauusedis i

mifnsrsmralfonadsafnmnseslilihramann i LED snrsnisidundasseny
wsadilylsth udsnmareniiy 2 dwdes fo nmmaauﬁ'uqmbslﬁwa?ﬁwLﬁmmdLED URENARBUNAL
naeali LED

masesfi 1 dnuaznboanimarey fs hunslugarsasiuiiauss LED 1wia 0.5 W a3
wradluzUil 4 () vmaseudanuseinlibinszusess 821 v, (ueauUnfagit 12 Voo Tnodauddy
-chm<:|aauﬂmmsn:J‘?m:ﬁ‘uumi’u"lrh’hm:uamm"lfi’ﬁ'euﬁmlugﬂﬁ 4 (v}

mwmasod 2 Snosznfoammasey Ae imsenl LED Adteneuudaiaiounam 19 Was
wrastazualumned 1 shumassufoufvureiifannmndfonuseseauivinszusadu
lusi7e 150240 VyerenionsenLED Afinncens ToM uarlufinisdass laummanneiild Ac

¥ v &4 P4 ;
power supply USurzauutedilivimfaamatiiindoganisliblh Guefasdedindruaasnusndoalu

9

-
iR

n) umhzfﬂmawﬁnﬁmm LEDY) 3ANAR2UNAT LED

2l A - v
7R 4gunTimmasaumrosulsassaulviviinrzuse

Asimermand waepuzdwandouuazninonsmand | v inendeuminisaiy
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Specification of LED
Input {V,¢) 100-240
Frequency (Hz) 50-60
Power (W) 19
Length {m) 1.2
Life Span (h) 40,000-50,000
Color Temperature (K} 4,000-6,000

151011 29 MaNEME AC power supply

AC Power Supply

Output voliage 1-300 vV

Maximum oulput current 5 A

Single oulput

Maximum culput power 500 VA

Voltage & frequency converter

Power melering

Input: 85-250V .., 47-63Hz

< -
3.2 nsnaaaanlAuwgunndl
o ~ ol i - i 5
mnaseursmsl i nusdssgung i duad ofuamnsznalviluvoswsan vl LEDD
a u_ & ) P
ussdsanmarey fo favasraanutoulilng so w linuganaroudausasluguil 4 @) use

Y &

an - da & Woa & u S oa
thwaazniaalaataugalugeaemiuiiaum LED Aifinda1997 TOM  uselifinds winumsfinds
e o A & ' o =
ounniinenmpdatusaduaimed 3 lauganasoudsninsoundiliinrzusnmaing 12 vy
urznaauludrsgmnr fvete1n1n30-84 °C

A a ok o I
a3 il 3nuandoagUnaidmibldlunmmiausnfivtoysdag 9

ol - [
1ATadiia GUERITE 1

) i A Lo vl -
inTenfutoyR winsiwindaysiwiiisugmnnd lau |
(Data Logger) I uiumuiamefludildazia K #éa .

Ui TASK Anamugnes ¢ 001°C

muTagmmnd mu‘?ﬂqnmqﬁu?ameﬂuﬁmﬂamﬂm K uas

-~ [ - ")
Tanvussin omesA ldnusruriiaTasiuiin

i

PEUR
b

{Therme Caoupla)

ansAnermand wasansisnadounaniveansmant | uuinerduumaisnig



" A~ 9 . b,
msUsgyuuau@aiTIng < gluuuridsnunamugyuauwiilssmalnenieh 6

TREC-6

13-15 wgadiniou 2556

4. gAn1IAADY
- E €
4.1 nanind Aswseauusoan lylih
p & 4w wy -
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1 Current, (A)

P Power, (W)

R Resistance, (Q)

T Temperature, (°C)
v Voltage, (V)
fiaviae

AC Alternating current
CB Circuit board

DC Direct current

H Heat sink

JA Junction to ambient
IC LED Junction

LED Light emitting diode
max Maximum

op Operating

sc Short circiut

TIM Thermal interface material
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1 nszue lvlih (A) usaaululih (v) dlszneumaluih maa i (wy
13:10 0.25 234.7 0.65 40
13:15 0.25 233.3 0.67 38
13:20 0.25 234.5 0.65 38
13:25 0.25 234.6 0.65 38
13:30 0.25 233.3 0.65 38
13:35 0.25 233.3 0.64 37
13:40 0.25 233.3 0.71 38
13:45 0.25 232.8 0.69 40
13:50 0.25 234.8 0.67 39
13:55 0.25 234.7 0.68 39
14:00 0.25 234.0 0.68 40
14:05 0.25 233.2 0.70 39
14:10 0.25 234.3 0.67 39
14:15 0.25 233.9 0.68 40
14:20 0.25 233.5 0.67 40
14:25 0.25 234.4 0.67 39
14:30 0.25 233.7 0.67 39
14:35 0.25 235.1 0.66 39
14:40 0.25 234.9 0.65 38
14:45 0.25 234.7 0.65 37
14:50 0.25 235.8 0.65 37
14:55 0.25 235.9 0.64 38
15:00 0.25 234.6 0.65 38
15:05 0.25 234.9 0.65 38
15:10 0.25 233.8 0.67 38
15:15 0.25 234.1 0.67 39
15:20 0.25 233.6 0.63 38
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1@ nszua i () uaeau Ilih (v) anlsznouma i maa il (w)

15:25 0.25 235.1 0.65 39

15:30 0.24 234.6 0.69 39
Average 0.25 234.3 0.66 38.59
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; v 2
M3 1A 1.2 maaaaviamanlszneuna IWihaesvasa 1 LED & S1udzainie

Time | nszualvih (A) | usesdullih (v) | dalszaeumaldih | midalvlih ow)
18:50 0.09 2433 1.00 23
18:55 0.09 234.0 1.00 23
19:00 0.09 2340 1.00 20
19:05 0.09 234.5 1.00 21
19:10 0.09 234.5 1.00 21
19:15 0.09 233.2 1.00 21
19:20 0.09 2335 1.00 20
19:25 0.08 233.1 1.00 20
19:30 0.09 233.1 1.00 20
19:35 0.08 233.5 1.00 20
19:40 0.08 233.9 1.00 20
19:45 0.08 2347 1.00 20
19:50 0.08 234.6 1.00 20
19:55 0.09 234.5 1.00 22
20:00 0.09 234.6 1.00 22
20:05 0.09 235.1 1.00 22
20:10 0.09 233.6 1.00 22
20:15 0.09 234.0 1.00 22
20:20 0.09 233.8 1.00 22
20:25 0.09 234.0 1.00 22
20:30 0.09 233.9 1.00 22
20:35 0.09 233.6 1.00 22
20:40 0.09 2352 1.00 22
20:45 0.09 235.3 1.00 22
20:50 0.09 235.0 1.00 22
20:55 0.08 235.1 1.00 20
21:00 0.08 234.6 1.00 20
21:05 0.08 234.1 1.00 20
21:10 0.08 233.7 1.00 20
21:15 0.08 233.7 1.00 20
21:20 0.08 233.6 1.00 20
Average 0.09 2344 1.00 21.06
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m5190 0.3 maasavianwseau dh nsvualdih vazras iihvesnaea lvvgeaisaand

9 iy
M ITUALAINGD

wasavdn | usedullih (v) | nszuallih o) | ddslulih ow)

Al 233 471 954.76
A2 233 2.58 522,99
Bl 233 0.142 28.78
B2 233 0.64 129.73
B3 233 0.174 35.27
B4 233 0.552 111.90
B5 232 0.455 91.84
B6 232 0.319 64.39
B7 233 0.356 72.16
B8 233 0.325 65.88
BY 233 0.359 7277
B10 233 0.341 69.12
Bll1 232 0.29 58.53
B12 233 0.353 71.56
BI3 233 0.374 75.81

B14 232 0.342 69.03

BI5 233 0.382 77.44
Bl6 233 0.37 75.00
B17 233 0.189 38.31

BI18 233 0.09 18.24
64| 233 0.08 16.22
c2 233 0.139 28.18

C3 232 0.145 29.27
c4 233 0.165 33.45

Cs 233 0.168 34.06
C6 232 0.147 29.67
7 232 0.187 37.74
C8 233 0.188 38.11

C9 233 0.197 39.93

WUNBIWA: T18a08AMTATIVIATUN NN 12
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15197 n.4 mMsasradaa IWihvesnasa Wil LED & F1uazainie

gansada | usedulih v) | aszuallih @) | ddalddh ow)

Al 233 2.13 431.77
A2 233 1.584 245.28
BI 233 0.12 2433
B2 233 0.347 70.34
B3 233 0.072 14.60
B4 233 0.306 62.03
BS 233 0.229 46.42
B6 233 0.155 3142
B7 232 0.231 46.63
B8 233 0.153 3101

B9 233 0.232 47.03
B10 233 0.217 43.99
BI1 233 0.231 46.83
BI2 233 0.515 104.40
BI3 233 0.233 47.23
Bl4 232 0.154 31.08
BIS 233 0.236 47.84
Bl6 233 0.142 28.78
B17 233 0.072 14.60
BIS 233 0.041 8.31

c 233 0.043 8.72

o) 233 0.074 15.00
3 232 0.072 14.53
Cc4 232 0.073 14.73
Cs 233 0.071 14.39
C6 233 0.074 15.00
7 232 0.074 14.94
cs 233 0.087 17.64
o 233 0.072 14.60

WULHA: 510AZIDEANITATIVIATUATNT 12
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= LY T -ﬁ’ - 9 U o 9
A15 197 1.5 N13A5293AA1A VIV IRUT T Taesuvesviaen MV\‘@]E}‘E)HT;TL“HH@’I (147) ™

YazaInie
AuLeia A B & D E F G H
a1 587 698 780 828 809 887 803 673
a7 2 532 785 965 1031 1086 1092 986 915
a3 631 951 1092 1103 1154 1170 1110 954
unafi 4 601 979 1145 1216 1205 1196 1043 858
unii 5 642 953 1018 1161 1190 1191 1161 113

MUOLAG): 510a%B8ANINTIVIA TUA NN 16

H ar 1 1 “g { ;
M3 10 0.6 Maasaviannuavesiui s Tassuvesasa Iihvigesssaud (d1)

SudzaInio
dmmieia A B C D E F G H
U | 588 749 868 918 910 942 882 782
10afi 2 585 867 995 1092 1156 1127 1052 896
unIf 3 589 910 1082 1149 1034 1172 1081 966
a4 567 982 1064 1173 1191 1128 993 921
a5 560 794 966 1066 1087 115 1021 1055

NUME: T18a%00aN 159152990 1un 1R 16

= o 1 & 4 9 Y o )
1599 1.7 MIasatamanyaivesniui g Jassruvearasa Wi LED () & 3

ﬁxmﬂc‘ﬁa
AN A B (o) D E F G H
Uoa 1 651 747 840 816 834 860 853 795
uaafi 2 480 774 806 872 861 866 854 818
U0 3 438 741 770 850 790 868 851 755
o2 4 421 748 823 872 885 876 820 750
o 5 543 702 7718 813 764 R11 793 792

HUBWS): 5180208AN1TATIVIATUNING 16
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H @ ' A 4 u
A1519% .8 MsasaviamauaIvesiun laau Tngsauvearasa Ivih LED (#1) o 51

WULHA: T108B8ANIATI970 Tun Wi 16

Az
AR A B C D K F G H
a1 612 734 751 780 795 850 822 768
i 2 451 768 844 867 843 836 835 784
10 3 420 732 771 830 745 845 845 719
w0l 4 394 721 803 864 813 876 813 625
ot 5 412 698 753 790 780 802 764 656
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