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1. 30T 304 Steradian (sr)
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(https://en.wikipedia.org/wiki/Steradian)
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https://en.wikipedia.org/wiki/Steradian
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dmsumyudanlFlumsmuaudsae luil vz 19n1uila (Opening Angle) ¥09 naoa'lu

Y
LED Wundn diulvauding1dszuna 4 a1 dail

1.1 1 60° 9 1m0 = 60°/2 =30°
1519218 €2 = 27T (1-c0s30°)
=27C (1-\/3/2)
X TU/4
foiu s=Q.¢
=T/4. 1
Wi AM19910 Source 1 1WAT = TU/4 (A1 T = 3.1415)
nmni SLOLHI 2 A5 = T0/4 x 4
FLOLH 3 1WAT = TU/4 x 9 ANEIAY
1.2 A1 120° 92 laan O = 12002 =60°
15192 18 L2 = 27T (1-cos60°)
=27 (1-1/2)
=T
g s=Q.¢
7.1
fi1u# 7419970 Source 1 WAT =10 (A TC=3.1415)
Nl SLOLHI 2 1UAT =TT x 4
FLOLH 3 1WAT = T x 9 MUEAL
1.3 @1 180° 92 laa1 O = 180°/2 =90°
15192 18 L2 = 27T (1-c0s90°)
= 27T (1-0)
=27
s s=Q.¢
=M.+
17 7919910 Source 1 WAT =27 (71 7T = 3.1415)

WY FTILHN 2 1UAT = 27T x 4

FLOTHI 31RT = 27T x 9 UA AL



1.4 a1 360° 92 1dA1 O = 360°/2 =180°

1519218 €2 = 27T (1-cos180°)
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=2TC (1-(-1))
=470

S=£2.r2

=4T. 1

WUN 111199710 Source 1 1UAT =4TT (A TC = 3.1415)
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FZUZHI 3 1UAT = 4TC x 9 MINA 1AL
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http://www.compuphase.com/electronics/candela_lumen.htm

3.  Specification Va3tinon lnloalaanas LED
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(http://www.lightart.com.tr/useful_information.php)
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3.1 Specification ¥84raoa la loarawulas LED 92 Uanm1a19e) A9l
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® A1 Opening Angle ¥128111 936N
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qmmﬁnmmmm Lumen 910 Candela ﬁ@
Lumen = Candela x Q

$19814

o vinoalaleanlasas LED 71141511 wava Indicator 151 waoa la Toaulasuas LED

=l = A o W ’o} a I 9 A 1 9 1 v
T UA9 WYY 1AWy 1S Y 1 UaN 3 UA1 AANUUNYRINTaodIN Ussuw

50-200 med 1119 500-1,000 med T4 11ag A1 Opening Angle 1521184 60° — 70°

#0814 aea laloauladas LED 1,000 med A1 Opening Angle = 60° (51A11IRUAN
Y
Lumen Ulﬁ)ﬁlﬂu

91NgA3T Lumen = Candela x Q
=1,000/1,000 x 27T (1 — cos30°)

~ T/4 = 0.8 Lumen


http://www.lightart.com.tr/useful_information.php
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B9%80%E0%B8%82%E0%B9%89%E0%B8%A1%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%AA%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B8%AA%E0%B8%A7%E0%B9%88%E0%B8%B2%E0%B8%87&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B9%80%E0%B8%82%E0%B9%89%E0%B8%A1%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%AA%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B8%AA%E0%B8%A7%E0%B9%88%E0%B8%B2%E0%B8%87&action=edit&redlink=1
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N Opening Angle 130°

#10814 aea la loauladiad LED 10,000 med A1 Opening Angle = 130° 151A1139
Y
A1 Lumen 1aaail

1NgA3T Lumen = Candela x Q
=10,000/1,000 x 27T (1 —cos65°)
~ 36.3 Lumen
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15180919 viana la Toalasuas LED = 300/36.3 = 9 ®aoa

3.2 Color Temperature Qmﬁﬂﬁ%
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Basic LED Reference Example Kelvin Color Temperature Scale Chart
7000K 10,000k
= 10,000K +: Blue Sky
H 9,000K
5700K 8,000K
l l ?’GOOK :l— 7,000K-7,500K: Cool White Seesmart LED
4000K
f 6,000K: Cloudy Sky
5,500K-6,000K:Day White Seesmart LED
3500K 4,800K: Direct Sunlight
[ 4,000K-4,5000K: Natural White Seesmart LED
4,000K: Clear Metal Halide
3000K 3,000K: 100W Halogen
j— 2,800K: 100W Incandescent
2,700K-3,200K: Warm White Seesmart LED
————2,200K: High Pressure
- —— 1,900K: Candle
LED Color Temperature Correlation Example

(http://www.seesmartled.com/kb/choosing_color_temperature/)

Colour Temperature Chart

T o N
W &,
Warm White ~ CoolWhite Delos
@ (Moonlight)
1800K 2800K 3000K 4000K 5000K 6500K - 7500K 8000K - 12000K

(https://www.downlights.co.uk/fag-which-colour-temperature-.html)

COLOR TEMPERATURE
2700k 4000k 5000k 6500k 9000k

Incandescent
Warm White
Fluarescent ‘Cool White Fluorescant

Candle Flame Halogen Daylight

Lighting International Co., Ltd.

il

(https://www.facebook.com/LumitronLighting)


http://www.seesmartled.com/kb/choosing_color_temperature/
https://www.downlights.co.uk/faq-which-colour-temperature-.html
https://www.facebook.com/LumitronLighting

2000K 3200K 5500K 6500K 10000K

' . .
H . .
H . .

Sunrise | sunset Traditional Matural sunlight Light on cloudy Pale light
Light incandescent light at noon days
558 ! ‘s
— s
t i
3 3
P
27T00K - 3500k 4000K - 5000k GOOOK - 8000k
Warm Light Matural Light Cold Light

for-your-health-and-your-wallet)

3.3 Color Rendering Index (CRI 130 Ra)

A v A

CRI i rtiANugnaedvesd 1ia1 0-100 diofiouiannuaerindaowion: ianam

Y d‘ = 3

' I~ v o
gnApINga 81 CRI g9 uaasmMsveuiudvesinglinnugndege uazlunanaunu CRI

£l £

(A Y '

o & ad o X o & A 4 Y Y
A1 ﬂ1iﬂﬂi!ﬂuﬁﬂ%$WﬂLW8u1ﬂ ﬂquuiuwuﬂﬂ@a\iﬂ’liﬂ CRI q\j li’]ﬁ@\jgﬂ'] CRI 194

naoa IWuaazilszinnae

COLOR RENDERING INDEX (CRI 152 Ra)

LED Lighting Fluorescent Lighting

CRI:0 CRI:10 ¢

CRI 91 CRI70

* CRI (130 Ra) Aesatinnugnsiesasd

* $An 0-100 WeLdnannugeeindmewiiog asli
ﬁﬁmmqnﬁmﬁqm = Wiaauada

* snanlrlusiazailnliian CRI fn-ga Tuwini

CRI : 90 CRI: 100

Lighting International Co., Ltd.

(https://www.facebook.com/LumitronLighting)


http://www.snaidero-usa.com/designliving-blog/2014/11/20/led-kitchen-lights-a-smart-choice-for-your-health-and-your-wallet
http://www.snaidero-usa.com/designliving-blog/2014/11/20/led-kitchen-lights-a-smart-choice-for-your-health-and-your-wallet
https://www.facebook.com/LumitronLighting

COLOR RENDERING INDEX (CRI) VALUES
OF COMMON LIGHT SOURCES

&y 100 CRI
9= T DAYLIGHT
o INCAN
O WM 90 CRI HALOGEN INCANDESCENT
g B GOOD CERAMIC METAL HALIDE
8 g GOOD FLUDRESCENT
1 | 8O0CRI GOOD LED.S
o
o 70 CRI BAD FLUORESCENT
A METAL HALIDE
60 CRI BAD LED.'S
=]
§ - 50 CRI
=
40 CRI
1| 30CRI
HIGH PRESSURE SODIUM
o
o] % 20 CRI
9 e
e 10 CRI
88
Qu LOW PRESSURE SODIUM
1 |__OCRI

CRI = 51 CRI=80 CRI =90

(http://www.planckleds.com/what-is-cri/)

(http://my-light-tech.com/color-rendering-index-cri/)



http://www.planckleds.com/what-is-cri/
http://my-light-tech.com/color-rendering-index-cri/

3.4 viaon laloaulawuas LED viaa19 Rlddmsumsanaing

® viana'laloanlasuas LED uu1 SMD iag COB

COB

(http://www.baalray.com/blog/cob-advantages/)

® vaoalaloanlaaas LED uuu SMD

(module) (degree) Im/w Im/w
5730 5.7x3.0 0.5 45-55 15-18 120 no 90 110
5630 5.6x3.0 0.5 40-55 184 120 no 80 110
5050 50x5.0 0.2 16-18 5.1-5.75 120 no 80 90
2835 28x35 0.2 20-26 8.4-9.1 120 yes 100 130
3528 35x28 0.06 5.4 3 120 no 80 90
3020 30x2.0 0.06 5.4 25 120 no 80 90
3014 J0x14 0.1 10-13 2135 120 yes 100 130
7020 7.0x2.0 05&1
4014 40x14
3535 35x3.5
3258 32x58
1206 32x16
1104 1.1x04
0603 0.6x0.3
COB

Source: matufacturers' or suppliers' specifications (hitp://www alibaba com/trade/search?

fsb=y&IndexArea=product_en&Catld=&SearchText=smd+led+datasheet)

9
duna'lan Juvesrasa laTeanlasuas LED 1uy SMD fiv y11aves SMD 1iu9

(https://en.wikipedia.org/wiki/SMD_LED_Module)

10



http://www.baalray.com/blog/cob-advantages/
https://en.wikipedia.org/wiki/SMD_LED_Module
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L23

e[ vh
3528 5050 5630
_ it Loy

(http://heracolights.com/2014/03/10/3528-vs-5050-vs-5630-led-smd-diodes/)

- ,
‘“"ﬂ 5050 ‘ 5630 ‘ 3528 | - 2835

Cemprsing

Frent | ;
Wiew | 1 ! R

Franl I | I

q ¥ i | !
Slre | i 47 i )

L i

;_ y LEDs Dimension Drawmg — | Ta
a1
:_:“,;l 'v—_:/J I'

k),

SMD 3528
= ﬂ," r:-t 1) nm i_I| “BE- |
.o’ 1 il i e 8

(http://www.hibikii.com/knowledge/comparison-of-smd3528-and-smd5050-300-led-light-strip/)



http://heracolights.com/2014/03/10/3528-vs-5050-vs-5630-led-smd-diodes/
http://www.rs-led.cc/siteen/xwzx/1956.html?cid=107
http://www.hisupplier.com/product-1494189-120pcs-m-2835-Flexible-LED-stripe/
http://www.hibikii.com/knowledge/comparison-of-smd3528-and-smd5050-300-led-light-strip/

(https://www.youtube.com/watch?v=fT dUIVWKZSI)

® viavalaloanlasuad LED 111 COB (Circuit on Board)

naoalaToanlaaas LED 11Uy COB anusatloundinu ldunnii viaea

TaToanlaauera LED 1111 SMD

_508308746.html)

(http://www.ecplaza.net/trade-leads-seller/1 w-3w-5w-10w-20w--7184049.html)

12


https://www.youtube.com/watch?v=fTdUIVWK25I
http://www.alibaba.com/product-detail/High-Power-10W-300W-Epistar-COB_508308746.html
http://www.ecplaza.net/trade-leads-seller/1w-3w-5w-10w-20w--7184049.html

A10819 Auantanunainveaon laloanlauds LED uuu COB

Dim 4.0mm*4.0mm | 7.0mm*7.0mm 9.0mm *9.0mm
e
: 160°
SR a Bl i e e e D R e s i L i
it WWEE W ewW W N BWE W W oW
3000K | 4000K = 5650K | 3000K | 4000K | 5650K | 3000K | 4000K | 5650K

CCTHue Bin | 4-step | 4-step

4-step | T-step

Vi
- Boweris

T
35W

Current ey e e L e e e = a0
CRI | TYP.80 | TYP.80 | TYP.70 | TYP.80 | TYP.80 | TYP.70 | TVP.80 | TYP.80 | TVYP.70

CIm/W | =95Im/W | >95Im/W | >110Im/W | >95Im/W | >95Im/W | >110Im/W | >95Im/W | >95Im/W | >110lm/W

(http://www.ledinside.com/products/2012/4/hpl_led package 201204)

Cumert | Vokage oeT Luminous | Chip
Fomr Fart Ha o ® Flu ey ha 1) Fa
taimn
5K |EETCSWe-GH00 | S20mk | 15-167 | 2500-5500 [450-500 chip | 90-100 [ 65
20454
taiman
6F  |EFTEWer—EH0L | 520k | 13-227 | 2500-6500 [S40-G00 chip | 90-100 [ 65
20454
taiman
9F | EETCOW+H-GH0E | 1080mk | 9-10v | 2600-6500 [310-900 chip | 90-100 [ 365
20454
taiman
SF [EGCTHMPeeX2 | S20mh | 15-17V [2600-8500 | 450-550 | chip | im0 >80
20454
taiman
5-10F  [ECTHRe-REXE | 320mA | 15UFS0T [ZR00-R000 500 chip | >0 >an
20454
taiman
10-13%  [EECT+HREH-HI10 saﬁ& 36397 [ZR00-6000 100 chip | >0 >an
20454
taiwhn| oy I
18-22%  [EECT+Ree-H310 3%%’;":5‘ 36-347 [ZRO0-G000 1300 chip J| duo- [ »ans
20454
320mkf6 i
SF-15%  ERCTHRer-68%1 | | 151300 [2600-6000 500 chip | >0 >an
20454
— taiman |
16R22R EECTARee68KL (| gy | BT80S0 -0 ST chip | v Bl
2034
o
B00mk/3 tammmn
PIF-GOR ERCT#Ree-62X1 [ | 56-52Y [2600-6000 2300 chip | >0 >an
20454
taiman 2
Z0F-G0R [HECTHT-E] E%ﬁg 36-347 [ZR00-G000 20 chip | 10 >an o
20454 [ CH
tniman E[ » b
517-d0R [HGCTHTe-GaR] sggm'f‘l 36-347 [ZR00-G00 >3m0 chip | >0 >an 2 ‘
20454 A
S tniman e 4P| LA =
AOF-GOR EGCTH#Rer-62% | Lo | 56-821 [2600-6000 > chip | >0 >an 14 L1
20454

(http://www.alibaba.com/product-detail/Taiwan-epistar-12v-10w-led-chip_1808706612.html)

13


http://www.ledinside.com/products/2012/4/hpl_led_package_201204
http://www.alibaba.com/product-detail/Taiwan-epistar-12v-10w-led-chip_1808706612.html

ceramic COB LEDs

08*12
AW 400mA
. . e
KS-COB-TL ‘ > -.-.O } 1 g-10v >90LM/W ®5.7
) . . B -
- !rm; SW S00mA
12*15
2 o = 5w 15-17V 320mA =100LM/W 5.9%9.2
Kroabiz - »- " @’ﬂ MJJ_ 9w 27-30V | s20ma | >LOOLM/W | 3.9%83
e 4 = e, 4

13W 30-38V 360mA >95LM/W 8.9%9.2

SW 15-17V | 350mA | >l00LM/wW | =10
— | _ <10
< Y TW 21-24v | 350mA | >100LM/W
K5-COB-T3 ’ 4
4 o - 9w 27-30V | 350mA | >100LM/W @10

13w 36-38Y | 360mA | =95LM/W @10

sw,—-lis-nv 350mA | 100LM/W @17

ey [~

1 & =
l] LOW | 3034w B50miA 1| LoULm/w ®17

L '\ 15w | 36-38V | 4S0mA | L0OLM/W ®17
K5-COB-T4 - ! L
S ) 20W | 36-38V | 600mA | LOOLM/W @17

25W 36-38Y TJ00mA | 100LM/W ©17

30w 36-38V | 800mA | 100LM/W @17

http://www.alibaba.com/product-detail/Taiwan-epistar-12v-10w-led-chip 1808706612.html

® siaoa il Grow Light LED a2 15 lumsilgnaulifluniuawaades e mu Tudr

S o 1 3 dy = = Sol a
21A15 laelidadiuastl vaealvl LED Guaq : vaea Iyl LED &1idu = 4:1

(http://www.livingearthfarms.net/equipment-and-supplies-2/)
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http://www.alibaba.com/product-detail/Taiwan-epistar-12v-10w-led-chip_1808706612.html
http://www.livingearthfarms.net/equipment-and-supplies-2/

<3 o <3 4 o
® (1H4 Filament LED (3113911 LED il uune17 tvosivasa 1l LED (Bulb) ade
Y v T
AU1ADA Incandescent HuVAIUAN 1% yulaves vaoalil LED W'l filian 1200
I o
N30 NIZELEImIUNI 11U 360° U0 NIzaBuAITRUMY dunIznY Tan sz

Tanlguin 984 AR0INITANNAIBINNINUAIATNTOUAIY

9y a Y] ' 2 v o ad a '
ijaﬁﬂgﬁlsﬁwaﬂﬂqﬂiﬂﬂlﬂaquﬁq LED @@l daunNy dU U INUULKNU Substrate

118311 Phosphor Coating #1011 ANeenu19zitlunes Warm White

A eomparizan at LED Filament Chio ve General LED Chip:

R ﬁ Filsmeng LED Bulk Chip

& General LED Chip

Let's Learn Filament Mora !

(http://hzelight.en.alibaba.com/product/1742296487-

800622691/modern 2014 _new_style A60_Standard led_filament.html)

/ o \

= Substrate o
red LED blue LED
\ /
e T —— —

LED chip bonding

phosphor

/

Phosphor Coating

LED Filament

(http://www.ledinside.com/knowledge/2015/2/the_next_generation_of led filament bulbs)
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http://hzelight.en.alibaba.com/product/1742296487-800622691/modern_2014_new_style_A60_Standard_led_filament.html
http://hzelight.en.alibaba.com/product/1742296487-800622691/modern_2014_new_style_A60_Standard_led_filament.html
http://www.ledinside.com/knowledge/2015/2/the_next_generation_of_led_filament_bulbs

viaoa ¥ Filament LED ¥Han199

(http://www.ledsmagazine.com/ugc/iif/2014/10/24/the-ledfilament-by-girardsudron-the-

light-bulb-which-will-simplify-everything.html)

A0 AUANLANIUNALIAYD AR 19 Filament LED

RNHIRZRIRBRAE

an +%=a: ohenzhen Runlite Technology Co., Ltd

® (Ta=25C) Absolute maximum ratings at Ta=25C

Item Symbol Absolute Maxi Rating Unit
Forward Current Ir 10 mA
Pulse Forward Current Itp 20 mA
Power Dissipation Po 800 mw
Operating Temperature Topr -30~85 h»]
Storage Temperature Tstg -10~40 T
Storage Humidity 60 %
Junction Temperature Ti 85 T
Notes: Irp conditions with pulse width S2ms and duty cycle 2%
® (Ta=25°C) Optical-Electrical Characteristics at Ta=25C
Paramet: Ll Unit Test diti
er est comn on
- Min. Typ. Max.
60 65 70
Forward Voltage VF 70 78 30 v If=10mA
40 80
Luminous Flux -] 100 120 Lm =10mA
Color Temperature cCcT 2200 6530 K If=10mA
Color Rndering Index CRI 80 — — If=10mA
Reverse Current Ir — - 10 uA VR=5V
Viewing angle 201/2 — 360 - Deg =10mA
HBM 4000V/ class 2
Antistatic ability ESD
MM 300V/ Class M3

Notes: Luminous Flux (LM) £5%
Forward Voltage (VF) £0.1V
Wavelength (X,¥) £0.01 (CCT45%)
Color Rendering Index (CRI) £2
Viewing angle (281/2) %5

0z

runbive,cn Mk I O S0 0 A
18100 Add:  Busilding 15, TanTou W

(http://www.runlite.cn/userfiles/Scierp755q19k1413258994.pdf)
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http://www.ledsmagazine.com/ugc/iif/2014/10/24/the-ledfilament-by-girardsudron-the-light-bulb-which-will-simplify-everything.html
http://www.ledsmagazine.com/ugc/iif/2014/10/24/the-ledfilament-by-girardsudron-the-light-bulb-which-will-simplify-everything.html
http://www.runlite.cn/userfiles/5cjerp755q19k1413258994.pdf

4.  MBLIIMIMUINUA Lumen NV Lux

uaaaanvasa i lszdesaiesounana i lvnuasaan luldldu (Lost
. a = .3 1 9 1 a a é
Light) tnaanugadevu uavaea Il LED azeanuuumnliadesaincluianmalananianils

milhnalszaninmgaga

ncandescent bulb LED

(http://www.ledacademy.net/5-4-directionality/)

BULB: HID lamps emit light in every

diection; this light is controlled using ™ <

a reflector or refractor. The result is ANy

poor utilization, with efficiencies as </ ),

Tow as 40%. /Q ¥ N

LED: LED directs the light to ITTITITTITITITTTTTTTT

where it's needed without the use A A B
of external optics. This results in ‘

efficiencies as high as 80%.

|

(http://sustainablemfr.com/energy-efficiency/shedding-light-led-industry)

v ' a awou J 1
Tugungaanu (319113095 ANTANG (Efficacy N30 Lumen/Watt voaviasa 1l a5

LED General Lighting

Directional Light Neon-Directional Light

E : ! 70 Im/W : | | : 100 Im /W

80~90% . 40~60%
Utilization efficiency Utilization efficiency

Luminaus efficacy Luminous efficacy
H 56 Im/W H 50 Im/W

(http://www.siamled.co.th/page preview7.php?id=137)



http://www.ledacademy.net/5-4-directionality/
http://sustainablemfr.com/energy-efficiency/shedding-light-led-industry
http://www.siamled.co.th/page_preview7.php?id=137

[ 1 Aa aovu J [
viaea v LED 91992 131152 @n3ng (Efficacy ) H3© Lumen/Watt tn1ny viaea Tvlvih
111 uadl Uszansnnluns 19y (Utilization Efficiency) 110031 M 1ise@nsainms
@098319 (Luminous Efficiency) 1a8331@n1 Wanunsatszrdandsau'ld msvimuiviaona

! YA a A dy = 1 1 A
laToanlawuas LED Tnilsz@nsnmgeiiuiiognaorilo

1513ANY Specification Haoa 111 1
O waoealyl LED T8 aAnwend 1.2 s 1amaalvilh 18 W A1 Lumen Yszuna
1,600-1,800 Lumen
O waea'l¥l Fluorescent T8 11817 1.2 a3 19maa Wi 36 W A1 Lumen

1/52319 2,600-2,800 Lumen
o 9
® MUl IAgN15 1% Lumen

A1 Lumen Y04%a99 19 Fluorescent Aah 360° 91nn13deanasouriasa I tieihunle

9
NTU FU QSN U UINATH

1 Aq ¥ Y 3 ' ! Y v 9
A1 Lumen Vlﬁl(']f\ﬂu Q‘]f]\uslﬂ'ﬁﬂ']ujﬂ‘!ﬁlﬁm Iﬂﬂi'311llﬁ\'jﬁ'J'Nﬂ']u@'i\‘]ﬂULlﬂ\iﬁgﬂ@uﬁ]']ﬂlwg’nu

naoa 19 Fluorescent 114411 923A1 Lumen N1ndiReany viasa' vl LED Napiaiadiuifed

Y 1 [l
WoNIINT 633 Factor U9 15U ANNAZD1A 018 15911 951925005209 NUI Effective

Lumen

® {70619 MIAIUIUAT Lumen N 15910 Iaelszuaunanaoa | Fluorescent T8 g

A1 A1 Lumen Y03%ana 1l LED T8

na0a 1 Fluorescent T8 1A1 Lumen 1521184 2,600-2,800 Lumen 1519¢A11I0NA
2,700 Lumen JUM3d03d 193 04u11la 360°
YU 120° A1UA19 A1 Lumen = 2,700/3 = 900 Lumen
A Ay a A A 9 Y '
YU 240° NUADATULY AANAY 50% NTDIATNOUAIWIATUAN TIULAT

ﬁ%ﬁj@u (50%) = 2,700*2/3*.5 = 900 Lumen

9
FIUMNADINT = 900+900 = 1,800 Lumen
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O A1 Lumen 1 19uveenana 1 Fluorescent Ts fiatszanaumiumnasa lu
LED T8

0 msl¥maalvihvesnaealyl Fluorescent T8 iunninviasa’lyl LED T8 842
M

0 nmslduaenlil LED Ts 9231 mau seushadia iefeusunis 1y

ﬁﬁ’é)ﬂhl“ll‘l Fluorescent T8

AlFuaI50152010A71 Lumen 4091009 1l Fluorescent T8 115911959 Tagduimnina

30%-50% UDIA1 Lumen NAIHUA
9 = = 9 v Y = = 9 1 ] 9 =1 % ]
dus1ne lus1eazidennal 3AIANEIDNENNIARONAIN 1FU 1199 151T8NTINAUN
Y a Q‘{ 1 1 Y 1
FuilseansANUaeIa 11U 9D 1511130152 UA Lumen Y¥09¥a0a 19 Fluorescent T8
{q o a ° ' ' { o
Alraruase TaemuIa91nA 50%-60% YDIA1 Lumen NAIHUA
o 9

® msemuda Iaens 1% Lux

o o ) R4 1 <A
gaITAYYDINNNTUWHUTIZHIN Lumen Hag Lux NAD

A A
Lux = Lumen / "NH{N

$29619 MIMUIUNIITVAINNYAIL HID Lux

4.1 myuila 120° ves vaoalw LED T8
STEZNIG 1195 Y99 1aoa 1 LED 1AAnuaI1e = 1,800 + 7T = 570 Lux

FTUZNIG 2 1095 Y99 1aoa 1 LED 1A1n1ua319 = 1,800 = 47T = 140 Lux

FTULHIG 2.5 1A Y04 viaen 11 LED HA1n1ua1a = 1,800 + 6.257C = 90 Lux
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https://www.facebook.com/notes/komsan-siriwattanapat/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%84%E0%B8%B3%E0%B8%99%E0%B8%A7%E0%B8%93-lumen-lux/645475115466425
https://www.facebook.com/notes/komsan-siriwattanapat/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%84%E0%B8%B3%E0%B8%99%E0%B8%A7%E0%B8%93-lumen-lux/645475115466425

42 wnmuia myuidla 180° v waoa 1l Fluorescent T8 Witz yumsdesaitavsoyuiila
9 Aa o 1 F) = 1 a g}/ o o n ya
360° 1NN5 IFNUYNANNIL TDIATWALYD 1FU NITAAAIVUINATY (ﬂ1§ﬂ1uﬁﬂ!8\1klﬂulﬂﬂﬂ

fhmﬁazﬁaummwmu)

FLILHN 1 1095 ¥9arana 1 Fluorescent T8 UAIANNAINT = 2,700 + 27T = 430 Lux
FLILH 2 195 ¥99rana 1 Fluorescent T8 WAIANUAIN = 2,700 + (27Tx4) = 110 Lux

SLELH 2.5 W95 YoIraea 11 Fluorescent HAIANNAIN = 2,700 + (27Tx6.25) = 70 Lux

a [ Y 1 ] ¥ o 9 '
UINLINAANI ﬂWiﬁZﬂfluﬂi%N’lm 30%-50% A1 Lux ﬁ]‘l@inﬂﬂ'liﬂ1u’3m"ll@ 4.1 10 4.2 i]gijﬂ'l

9 [
IndiReanu

43 mindm Al 360° 409 iaea 1 Fluorescent T8 M51z3NMsd0Ia19H5 03iTlA

) asq 91 )
360° 911nM3 1Fulnan Iideannau

52e21 1 AT ¥9a1aoa 19 Fluorescent TS 1AIANNAIN = 2,700 = 47T = 210 Lux
SLHZH 2 AT ¥9Inaoa 19 Fluorescent T8 HAIANNAIN = 2,700 = (4TTx4) = 50 Lux

FLYZHN 2.5 AT Voraoa 1M Fluorescent TS UAINNUEAIN = 2,700 = (47Tx6.25) = 35 Lux

4.4 du5199IN15 AWAIN 500 Lux 119 2 a5 1Invaen Ivl LED Ts finea yuidla 120°
9
43U 15189971571 Lumen 910%a9a 19 LED = 500 x 47T = 6,283 Lumen

Wi vaoa Wl LED 3A1 1,800 Lumen (31A@090139149% = 6,283/1,.800 = 3.5 #aoa

9 ad o 1 = 9 o 9y
MAISIRDINSIBMUIUBE19AZIBeA 151911150 19 Software Tumsmiua 18 1
® Calculux 910 Philips Lighting #3150 Download 1%a11'18 Tag laiidearl4a1e

http://www.lighting.philips.com/in_en/connect/tools_literature/downloads.wpd

® DIALux 910 DIAL @134130 Download 19311'1d Tae lidear 1491

http://www.lighting.philips.com/in_en/connect/tools literature/downloads.wpd

http://www.lumitronlighting.com/

http://www.dial.de/DIAL/de/dialux/download.html
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http://www.lighting.philips.com/in_en/connect/tools_literature/downloads.wpd
http://www.lighting.philips.com/in_en/connect/tools_literature/downloads.wpd
http://www.lumitronlighting.com/
http://www.dial.de/DIAL/de/dialux/download.html

U \ a 1 Y \ Y
5. ¢ed1eriaen vl LED sHiamaq nagded1amsldam

® 1ia0a |yl LED Uy Light Tubes
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® +aealyl LED 111 RGB LED Light Bulbs
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® +waealyl LED 111 Flood Lights

AR I S S R S

A R R R

A e

3
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® +aoalyl LED uv Strip Lights

® waoealyl LED 111 Wall Mounted Lights

24



(www.wt-realite.com)
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http://www.wt-realite.com/

v
U

! v ' A X o
6.  WNNIFIUAUNASANNVNVDINAIAIN B ‘]Ji!'Jil!WN‘YI‘Yn"hJ

away Tihuaeanaumsdszmalne 18 1ddoyameinunasanaimanz aunums 19au

1 4 dy
31739 ANU

AAMHEITUTTIUANUINASEIN CIE

Anwazuasau | uilda szAuAlmATe(AND) CIE
yrurily madumelu/ueneias Tula Feaiuves 150-200-300
ATUNEIY usTgnAn T Wnansu Tsed esmdfarh 200-300-500
NuazBeaUIuNaNg | Uszneuliuguialy ﬁu’gﬂaﬂwwmm | 300-500-750
UAzLBYRA Weou 87y %ugﬂuazmwaauﬁ'ﬂﬂ 500-750-1000

uasiBeaun L%EJuLLUU%u‘E‘LJLLaSWE’Ji]ﬁE]UaSLgﬂﬂ 1000-1500-2000

P : AnALEIET L rIUsEIMElNe www tieathai.org

SmsuTeazdeamnnuae dnsoanyunLey1dan
nnNIzNIN Muuamasgulumsuimsuazmssamsaunnuilasans 013e Ui taz

ﬁmwumﬁ’aﬂumsﬁmmﬁmﬁ"umm%’au UEIEIN LAZITOI WA, b & EE

http://www.bsa.or.th/N)HU1B/NYNTENTI-MINNUNSINUANUS D U-HAIE-LazIH -

NA-lo& & & .html

~

) o 1 . A 1 I A dy 9
AINIUANUAIN (Tlluminance) nInUaeily Lux (an%) 11&11']@]5;@']1!1!& gn ANUVNUBDULEN

7719
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http://www.bsa.or.th/%E0%B8%81%E0%B8%8E%E0%B8%AB%E0%B8%A1%E0%B8%B2%E0%B8%A2/%E0%B8%81%E0%B8%8E%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%97%E0%B8%A3%E0%B8%A7%E0%B8%87-%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%97%E0%B8%B3%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B9%80%E0%B8%81%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%A7%E0%B8%81%E0%B8%B1%E0%B8%9A%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99-%E0%B9%81%E0%B8%AA%E0%B8%87%E0%B8%AA%E0%B8%A7%E0%B9%88%E0%B8%B2%E0%B8%87-%E0%B9%81%E0%B8%A5%E0%B8%B0%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%87-%E0%B8%9E%E0%B8%A8-%E0%B9%92%E0%B9%95%E0%B9%94%E0%B9%99.html
http://www.bsa.or.th/%E0%B8%81%E0%B8%8E%E0%B8%AB%E0%B8%A1%E0%B8%B2%E0%B8%A2/%E0%B8%81%E0%B8%8E%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%97%E0%B8%A3%E0%B8%A7%E0%B8%87-%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%97%E0%B8%B3%E0%B8%87%E0%B8%B2%E0%B8%99%E0%B9%80%E0%B8%81%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%A7%E0%B8%81%E0%B8%B1%E0%B8%9A%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99-%E0%B9%81%E0%B8%AA%E0%B8%87%E0%B8%AA%E0%B8%A7%E0%B9%88%E0%B8%B2%E0%B8%87-%E0%B9%81%E0%B8%A5%E0%B8%B0%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%87-%E0%B8%9E%E0%B8%A8-%E0%B9%92%E0%B9%95%E0%B9%94%E0%B9%99.html

7. manansvasa liihinsalan]vliih

mseenuuAnamasa lilihnie Taw W luaufieane doonuuunisls fats waunaiy
1 3rnssu e eenuuvAaamasa llinde Tan Wi Idne fudesiildaman

NAs LA Iefimnue tazfiaienumsnude

i lumseenuuueinsaiaieg Alduumanluies Srmnsuazanindesesnuuy Tae
Guduan sowes, naea 1w (Tau'lvldh), §17nades, Sensor ¥4 Fire Alarm 1ag Springer

ey Tz ay
® waoalyl LED 1111 Tube
s) 1 =S 1 = d‘
M3 19911 vaea W LED unv Tube Juoinsanee szivinninvasalyl LED ¥iiaduq viaea

vaoa vl LED 1y Tube INAA00NN193 2 1Y A0 Single-End Tube 1A% Double-End Tube

O waoalvl LED v Single-End Tube

N

‘ :ﬁ Input LED Tube NO inpu-.w:

(http://www.wholesale-led.com/blog/installation-guide-led-tube-lights/)

O vaoa'lvl LED 1111 Double-End Tube

;Wi LED Tube — W;

(http://www.wholesale-led.com/blog/installation-guide-led-tube-lights/)

9
viaoa 1vl LED uuy Tube aaulnajponuunlilsiuussau vl 1adaus oo Taad 64240

Thad
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http://www.wholesale-led.com/blog/installation-guide-led-tube-lights/
http://www.wholesale-led.com/blog/installation-guide-led-tube-lights/

Y 0
o msanaaraoa 1 Fluorescent 111

L3 =
ARNITALHRDT

L b
@1 Meutral H
|7~ veeavgooussul G
Ea “dvaan -
- £
Jaanad
A7 Live

http://research.rmutp.ac.th/research/rmutp/Low%20Losses%20Magnetic%20Ballast%20

Lower%204.5%20Watt.pdf

A1 19an99 veariaea 19l Fluorescent T8 817 1.2 AT Y11ARET 36 Watt

swazun

ni s anun B399 (V,) 220
NIZUE (A,) 0.42
fagllih (w) 44.3
wesuvinines (PF,) 0.45

nisnuilfvesviaon B399 (V,) 100.7
NIZUE (A,) 0.42
fadluvh (w)) 325
weiuvinines (PF,) 0.76

wisnuilvesamad | usadu vy 174.7
NIZUE (A,) 0.42
fadluh (w)) 9.3
wneiulnines (PF,) 0.13

BSunauasvesriaon (lumen) 2340

ﬁ1é’a"lﬂﬁ1gmugﬁﬂﬁﬁ’amaﬁ el 9.3
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http://research.rmutp.ac.th/research/rmutp/Low%20Losses%20Magnetic%20Ballast%20Lower%204.5%20Watt.pdf
http://research.rmutp.ac.th/research/rmutp/Low%20Losses%20Magnetic%20Ballast%20Lower%204.5%20Watt.pdf

m3lasuninvasa 1 Fluorescent 1111 viaoa'lWl LED 111 Tube

Y v
0 dmsumsanaaraoa v Fluorescent Nlognouudd 1isnea

U

4 4 ] @ S I3
amsanes 0on 15191992 1% ve luld daaad nla

o 4 ] [ A
" 5000 Yaaad oen azda ldneiulumsosa Tay'lv
[ o 4 o i d
= 0 lunen 1aanas oon mvivasa 1w Fluorescent NAUNN

Y o o ¥ 2 p s v v 2
1“11 El\‘l?ﬂiﬂ'ifmflﬂ TﬂEJLWll TAANTANDT mn"lﬂmmu

usssunsouvian Ivl LED dinseglunamivesusssiu lrldhiisvua
A =1 4 = % 1
A0 90 T8¢ 04 240 Thad lagh usadunsounaon v Fluorescent 9%

g Yszua 100 Toad

11109910 viaea Il LED fiuseau ldihaduaegluainie @n
J . =1 1 = 9
2995 LED 151295 (LED Driver) iognielunaea) 3eseunsaldam
9Y v o A g’/ = 4
Tanu useau Iihvaresuune 110V uag 220V Hasuul aaiad

waz L% aaae 14

1 % o a3 a s A 1A
O waoalW LED luawnsaldnu tdamadoannsetind ftogan1d
Y ] a3 a 4 13 oA
1zA0IN0A tamddoannseting oon uani waoa 1w LED 1195ufl
A 999 Yo o ] a Jdnyg 1
ponuuuN e 119D Taaaasiannseting 14 uasiaives

viaon W LED Asna1 §33isiaga

Y Y
O jUnuuMsAnas vaoalW LED 1111 Tube N3 Single-End Tube 1182
Double-End Tube N 19natnu waoa 11 Fluorescent 1A
] 4
B Jaandasssuan

o Ja a J Y o /a3 a 4
B 198189010 nNNIoUNd (ADDDAUATADIANNITOUNTDDN)
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One-end power T8 installation system

Al

magnetic ballast and LED 8

LY slarter

LN

fusrescenttobe 1=

magretic ballat)

remeve the starter

‘L‘" Mlusrescent fube =
magneti ballast
step 2 :'

l o D'L'””.‘l'i'

| [T =

miagmetic ball J'.I

sep 3 !

Fig cabiles comnect the same terminal

electronic baflast and LED'18

= I T =
— |

Itrnmn-l

electronic hallast

{

step

|r.._\.'
|' = lwresgentiube =
—I

"hllllr”m '-\l e e e .lm'n'

}

I =] LR e

b m——

Comneds oy

Ly

step i tereaifal

Two-end power T8 installation system

uil

[

=

magnetic baliast and LED 18

LN STarer

I_' K Tefmove the st
\L‘i_'llﬁuﬁh't_?ur'-",_

_ Exgnitic hallsst

e LEDbe

magnetic Ihlll.l\'.]g

step 3 L I— .l
two cables connect e same terminal

b

alectronic ballast and LED 18
LY

‘ ’:q'_iluia‘é',;jihTEiiEJ
—

plerminal

L}
electromic bl

i

._-Ifl,zh'fuhl'l-\l Do et i huln

SEp

LK

——

step 3L ot circui

standard-t8-600mm-led-tube.html

) [ a g’; [] 1o & 9 9y o 4 () o 1
dvisumsanas vy Ulllml‘ﬂu@lf)ﬂﬁli uaanaa (Llﬂﬁ@\iﬁ"liﬁ]\if]%llﬂﬁ ﬁﬁl’i]ﬂ"lﬂ

LED 1111 Tube 11111)

dszmalne 5110l dmmuaiiuidanuuesnsldnasa 1l LED uuy Tube

9
M3LUUY Single-End Tube 'ﬁ%’é] Double-End Tube A4UY W:lf]f]ﬂll‘]J‘]Jﬂ’J‘i

Y v '
Muuaaauaisudu vz ldvasa v LED 1u1 Tube tuvla
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http://litewell-lighting.sell.curiousexpeditions.org/pz6cd08d7-lw-tu0003-10w-standard-t8-600mm-led-tube.html
http://litewell-lighting.sell.curiousexpeditions.org/pz6cd08d7-lw-tu0003-10w-standard-t8-600mm-led-tube.html

8.1

8.2

8.3

Youuzinmhl

=

o 1 Aa 9 a £y Y A A
N133AA1 Lumen T]llﬂWQﬂﬁ@Q"Uf]\?WﬂﬂﬂleﬁW%uﬂﬁ'Nc] %3@@\11"1)’&?]5@\111@1/]11

Uszansnngalumsia Ja1d0eun uazdowihluies Laboratory 11 1d1asgiu

Poagiiu Ineauveanesyms umaneas 1usmsundusznounsnali wu

aonfulihuazdidnnseting (http:/www.thaicei.com/2013/th/)

1 [} o 1 4 H 1
uAlsIEINNT dauaz AU A1 Lumen Iaoldginsainm 1dluaaia 1aun Lux Meter

[

2

Tagts19ema1s2u1v09 Lumen yoavaoa 1 16 dail

9y d' 1 1 d' 1
MIADINHUIZ AN BI1UAT Lux Meter NH19910% a9 1 Uz 1 mias

Y Y 1

ud2 ga Ao
7 Tunsal ivaealvlvh i Opening angle 120°
47t Tunsdl Aviaea Tlvh 3 Opening angle 360°

< 1
151092 14A1 Lumen Tagi)szaunaves veavaoa lnih 16

A0 1N

1519711A1 Lux Meter 19 100 Lux 151%91/52118¢ Lumen Y94
viaea 1w LED 1 Opening angle 120° =~ 314 Lumen

viaea 1 LED 1 Opening angle 360° = 79 Lumen

{ a A 3 1
viaen 1y LED 11 Tube Ninaraantaviasasuniiniludla 15158091 Transparent

{ a A 3 ] 1
viaoa 19 LED uuy Tube Nlinanaandavaoasuntiuiludaju 15159091 Translucent

@ ¥ { o a ad a 1 1
ﬂﬁfllﬁflﬁ'lﬁﬁg%ﬂiﬂﬂ Lﬁﬂ?ﬂ‘ﬂﬂ']iﬂa@ ﬂﬁf]’f)ﬂl!,‘]J‘]J”N%iﬂlﬁﬂﬂﬁ@utﬁﬁ’ﬁ"l\‘lc] nu

Y1 =2 A A 9
Qmummmﬁﬂmnﬁmmm%
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9. LED las1183 (LED Driver) ttaz anatniulamansitvian v (Electromagnetic
Compatibility, EMC)

9.1 LED 1931793 (LED Driver)

o 13109 (Driver) Aoginsalvhmihfisioussdu lihuaznszua il
Trlihnaszuaase (DC) Mnusadu Tfanews (Main Voltage) 1 uvaea
laTeanlaauas LED Taeuseau lilihnnelinuvasalaTeanlaaas LED

& 1A 1 3}1 19 o '
NUIIDDA ﬂzagmmﬂizmm 2-4 VDC ImMuu (LmﬂTUTHQEJQLIQIE]@]HJENLLE‘N

P4
=

1 ] < 1Y) 1
LED 1naveynsuni Nz ldussau Trldhngeyw)

Fadaglunmseenuuude lasneidouiluumdtenszua luihasd
(Constant Current Source) lsimizadu llhaznlasuntaslilesrels nagns
srenszua lfeuih lnuiidnannasa laToanlawas LED snuamniy
Jevz Iddszaniamgega msrzmnnenszuauinnu Tz ldinannw

Y
Sounazergvoraoalaloalaueds LED duag

) [ 3 1 1 a o .
#1150 LED lasnesiiluumasnenszua lifwuuadag Ivua (Switched
A =) 2 o 2 dy U
Mode Power Supply) #1398 SMPS Tagiinannsyinauaail useau lafhane
{ v a3 g‘l
WU AC (110-220 VAC) azilasunszuaaauillunsziansa (Rectify) 91010
Y] < a I'4 { @
12nI0IRIeAINToUNUsz AN HIn03 (Capacitor) inuusau Trlihgs
[ o o ?} ] ~ Y
ol laussau Tlihnszuaanse (DC) usedu I nszuansansnmnavy
= a Jo a Y a o\ A A a A
winmsalagdunlasuli davazitla nanudgalagieesaini
ad a J o Y I [ =
arannseting i litlunszuaaduanudgann (szuna 10 KHz-1 MHz)
o @ < a 4
mlisamnse ldwdoutlasvdh wagdnseunvilsey anhdmes
{ <] 3 Y v { & { H 'Y
(Capacitor) NUVLIAGN UIMUNIL HAWINNNTZUTAAUANVDFININAIUA?
~ o A 9 Y] o A A v d
mtenihmsenfeulawdd nszuaaduanudgeznlasunssuaaauily
I o
ATTUENT (Rectify) 1azMINTD4 (Filter) 1iTluusadu Ininszuaase (DC)

= v ) 2 ¥ A
‘V]!‘Vilnzﬁl]ﬂ‘l]ﬂTiisﬁqqu@ﬂﬂi\iﬁu\j
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[ a o . =
unasnenszud Iduuuadad Inua (Switched Mode Power Supply) 923
< 1 o 3’; a A 4 [
YA 1@n tazgnn urasne Ilihwouaudy Ainuluglnseiuvasie
nszua lihugadunldvfouasvuialng

hitps://th.wikipedia.org/wiki/itvia 1918 1y

D ——— T T LT o C———

HATRREDT . \ -
muang HUBDUURA TVIT LA T2 U o I
Ups - ’ - & . - HEw
2 o nugmand N UREATDIUTHIU
unin IWeed

b

1TATUAY

(https://www.cpe.ku.ac.th/~yuen/20447 1/power/switching_regulator/)

o T a o .
mshnuvesrasnenszud Iihuuuaiag Inua (Switched Mode Power
{ a J o $ a a) { { Aa A

Supply) Hedadrdunlasuld tauazila Aanudgelaerasalni

ad a J o Y I [ a dy o Y a 1

arannyeilng M lmilunseuaaduanudgannil sz lmnanisuns

(3 v [

AYYIUT unuiian livh (ElectroMagnetic Interference, EMI) 89011
td a 4 X g o J

sunugnsal lihatiaould Failudgmiialivesginseine

aszua llihuuyadad lvue (Switched Mode Power Supply)

Y 1 < [ 1 1 o
msunsdyanasunuiman lwihdinanaunsaunsdyaasuniula
NA18N4 151 N9A1862101 (Conducted EMI), 11991017 (Radiated EMI), P13
FUNIUATLUATIS NN (Current Harmonics Emission), LagMInsziiew

wazmsasuulasveausaau i luszuuae 1 (Flicker)

wonnniuds uvastienszua iunuaIa T Tnue (Switched Mode Power
Supply) fiaummnesimlnges (Power factor) Aousiaen lunnanans s Ty
fin (Harmonic) awsildiRamstaifiousiaiu (Waveform) veanszua'lulih
A15nmenn i ddine Winanansznudaudegynsal Ty

v Y
seuv nszua ihndadisuiii ldmaanuseuaiunulume Tvihuas
gulnsal llhoug
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https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%AB%E0%B8%A5%E0%B9%88%E0%B8%87%E0%B8%88%E0%B9%88%E0%B8%B2%E0%B8%A2%E0%B9%84%E0%B8%9F
https://www.cpe.ku.ac.th/%7Eyuen/204471/power/switching_regulator/

wwasnenszua iuuuaiad Tnua (Switched Mode Power Supply) 711113
eonuunldmnsennietuneumsaiadiiiudn iunnmdudouluaces
Seanszuaiteduiyegtuvuvesndunseua ihiidanainus i il
wu i Idauwnesunmes (Power factor) gq‘ﬁu 15158071 M3Tvalge

1 4 4
Aunnesunnes (Power Factor Correction, PFC)

o [ L a .
o dwmSuunaanenszua Iiuuuaing 1vua (Switched Mode Power Supply)
IMs0NUULNAIBANYAE LATDNA1IDINUANEULHHUNEINUAIUANL
% l 4
Yavans ldun mseenuuuniinivesses Iihdunssgaagaeas Tl
:: o 1 o
MU AD UUVLINATIIUA (Isolated Ground) Hazuuy TutennI U
{ 4 =1
(Non-Isolated Ground) TagfuuULenn31IUA (Isolated Ground) HA1Y
[} 1 1 o 1
Yavanoganilumsldaunuylutenns1aug (Non-Isolated Ground) 1@
9 @ o o 1 <
m3sldaunala srezwu LED lasnes uuuliuenniinud (Non-Isolated
1 4 4 o <
Ground) 31ANNLVVLEANTIIUA (Isolated Ground) 119991nANNTUTUA I
J 9 = 9 9 = <3 = @
5101 uamng Isnulinnuanudr luiisawe fezdslinnuiasadelums

JCARHY

< ' { I o o
Uszmeuilulszmaniiantims ldvasa Ivih LED dlusudvmnn 39 1%
] d A 9 Y A o 9y
Wearun LED lases Ianunmiihun Tastdnenmmsesnuuy IC l4aummnie
LU (Application Specific IC, ASIC) dwsuviaea lWih LED Tasmwng shlins
=) = 1 49! = d'
P0NUUY LazMInanrasa 1 LED Tanudieuasazainiuiniy aulisininanad
61900 [aTUIUMINAAFIDIN15U5ENEAADYLIA (Economics of Scale) Tun1s
Nan
dy v A Y A d‘ (] [ a A a o Iy
uonINil Saligran IC MNUszmedue iU avnigowsn fnaa IC d115y LED las

193 Tasmnz F9az Iainaue ludduae 'l
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% 1 4 1
#198199049 LED 1a31103 vo1 naoa 1w LED unuaian
1 H 0’ A @ { e
9.1.1.  ngul¥ IC o3 AP3766 ¥9IUTHN BCD Semiconductor N1 U3HN Diodes
y& a o w s A s 94 a A
Incorporated Jadonans 1) d115U IC 1wos AP2766 i uThi ada¥
14 a 4 a 4
AouInsaiaes (Switching Controller) AIUANMIAINTVDINTIUTH1ADS

(Transistor) %39 FET

VCC
2R3 ouT

AP3766
cs FB

GND

R7<

~

SV/700mA Output for Battery Charger of Mobile Phone

http://www.diodes.com/

Datasheet Y93 AP3766

https://drive.google.com/open?id=0B4KDLwwI9CYIwTzZPVXQxNTF{blk

A9814
e LED 1a31193 waoa LED Bulb 3W 9eusaau 1w 10.5VDC 350mA

https://drive.google.com/file/d/0B4KDLwwICYIwQ3BxT2JwOUVnNUU/view?usp=sharing

e LED 1a31199 viaoa LED Bulb 5W 91eusau 1w 18VDC 350mA

https://drive.google.com/file/d/0B4KDLwwIICYIwb2QtdnMOMKkItQUU/view?usp=sharing

e LED la3sneinaea LED Bulb 7W 9eusau 1nh 27vDC 350mA

https://drive.google.com/file/d/0B4KDLwwICYIwYIlc5YkY 10UVDdEE/view ?usp=sharing

e LED lasnes 9eussau v 33vDC 1,000mA

https://drive.google.com/file/d/0B4KDLww9ICYIwU3Zibm04TOdPMDQ/view?usp=sharing

9.1.2. nauiile IC e SM2032 ¥p9UTHN Goston Electronics d11151 IC 105 SM2032
vimthiudlu LED lasnesinenszualvihasinssdugs (High Voltage
Constant Current LED Driver) 1¥inuviaealaTeai)asias LED mauseau Tvlvh

mulaoass lulaldasnenseua iwuuaias lvua SMPS BailRaasiuiu
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http://www.diodes.com/
https://drive.google.com/open?id=0B4KDLww9CYIwTzZPVXQxNTFfb1k
https://drive.google.com/file/d/0B4KDLww9CYIwQ3BxT2JwOUVnNUU/view?usp=sharing
https://drive.google.com/file/d/0B4KDLww9CYIwb2QtdnM0MkltQUU/view?usp=sharing
https://drive.google.com/file/d/0B4KDLww9CYIwYlc5YkY1OUVDdEE/view?usp=sharing
https://drive.google.com/file/d/0B4KDLww9CYIwU3Zjbm04T0dPMDQ/view?usp=sharing

4 o 1 1 o
gunsallsznovasnn uazdneanymarumsunsdyaasuniu

mjmﬁ ﬂhlif\l‘vy\h (ElectroMagnetic Interference, EMI) ?)ﬂﬁ”)ﬁl

LED1 LED LEDn

[ [l [e]
-1 =] -1

A 5

LED? 7 pP——1]ouT

2 |GND

NN =] 3 REXT

Rext

SM2082C

http://www.linkage.cn

Datasheet U893 SM2032

https://drive.google.com/file/d/0B4KDLwwI9CYIwTiRSQXZCR0h6SHM/view ?usp=sharing

oA J 2 .
9.1.3. ﬂquﬂﬁl‘i’f’ IC 1Wo$ TH2000A %30 EG2000A ¥84U3HN Thyayd Semiconductor

° ) o ° ~ ) o
#1351 IC 183 TH2000A 130 EG2000A MM NAAI89 AU IC 185 SM2032

I S A o .
i LED lasnesnaenszud Ivlihaeiiussduga (High Voltage Constant Current
LED Driver) WinunaoalaToanaauas LED anusaau I unuTaenss tay

A o o A a J9 9 Y ' A 9 9
muilarunsiau Iagmunsa@enadad e lanateuuy wumsaiads 19
QU (Color Temperature) YoIraoa 11 LED awanuwseuvedldau

o o a| A a 4 a A A A
ﬂ1§1/n\ﬂu’(3f1ilWiiﬁm\ﬂu]lm@EJﬂﬁL”]JW]JWﬁ’JG]“]SﬂWEJGlu 33U LW@Lﬁ@ﬂIWNﬂﬂﬁ

o Y g’/ v = gl} &
1/]’]@’]1!1@1/]\114“@ RETSINY] Q\‘lq@ !Lﬁgﬂgﬁiv!ﬂaﬂllﬂ@ﬂﬂﬁ\iﬂuﬁ
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http://www.linkage.cn/
https://drive.google.com/file/d/0B4KDLww9CYIwTjRSQXZCR0h6SHM/view?usp=sharing

— | E—- I
=

2x14PCS 18V LED

3

Fx
AG220-240V

L e

Y Aa 4 gﬁ =
uuy s InTAs IR

— BB - -
1]
i 114PCS 18V LED
i I Y | —_ ek
1% L L 1
i ©114PCS 18V LED
0 J
'TW ViN] g
M [e1 [e2 el [P
16V |16V [est 3]
10uF | 10uF ECS2 W”EI
L N == R1
20| (R2
400V 20
6. BuF|

b4 v
12 12

nuu1FaTa% 3 A59 AIAFATILTA Out 1 1A Out2 9% ON Wiouiu

9
ﬁ?@]ﬁl‘f{ﬂiﬂﬁ 21182 3 Out 1 1ag Out2 3¢ ON ANAINY

http://www.thyayd.com/

Datasheet Y94 TH2000A 1138 EG2000A
https://drive.google.com/file/d/0B4KDLww9CYIwazhVV1VZYWO03UKE/view?usp=sharing

9.1.4. naui ¥ IC 91N USHN Power Integrations, PI 91n1/52MAaH 3 §o1u3n1 (https:/led-

Q

. A aAaov adg a 4 4
driver.power.com/ ) Iﬂﬁmiﬁ}_ﬁfl DIANNIDUNTYD I

I A o
(http://www.es.co.th/tabs.asp?keyword=&catc=&t=1&mfrc=0195) WUUTHN

aaumulutlszmelne

Y
dmsunaasmat 1C dmsu LED lases ves P oglunquuansmuat

LYTSwitch (lada3ad) 15)u 1C 111 Monolithic na13Ae 11 ¥ (Chip) 92317993
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http://www.thyayd.com/
https://drive.google.com/file/d/0B4KDLww9CYIwazhVV1VZYW03UkE/view?usp=sharing
https://led-driver.power.com/
https://led-driver.power.com/
http://www.es.co.th/tabs.asp?keyword=&catc=&t=1&mfrc=0195

< 2 = v = d @ J
FIVVDI YAAIUAY (Controller) 1Az YA FET W uru@ediny suiluendnyaives
1
ICnPIUY

(https://led-driver.power.com/products/lytswitch-family/)

e [ a o [ J H a [
uoNIINT PI §awan IC @15V LED 13103 NaoIn1snsniuquiey 15y
A . a v o 1 Y 1 . .
513 19 (Dimmer) 9né18 @20619'141A LY TSwitch-7 Phase-Cut Dimmable

Single-Stage LED Driver IC with Combined PFC and Constant Current Output for

Buck Topology.
Y™y & &
$ J.Nf
< 1
= = = 52::
o = H \
LYTSwitch-7 X
:‘: sr| |re
AAA I\ D . -~V
M w—.l.j‘ PI-8010-071116
A
AQNDU

[ ~ ] 211 =\ o 1Y) 4 9 1 1 A
ﬂ']ﬁwwu'lﬂllﬂwq@ﬂ\‘] Y IC 135U LED llﬂﬁn'ﬂi ﬂ@ﬂm']ﬂlﬁlf\i']uaﬂ']\j@@lu@q W

TaviuaueluTomaso 11
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4 ) [ a o 4 a o J 1 1 a o I
9.2 ﬂ?iﬁiﬂ%ﬁ@ﬂlﬁﬂﬂWﬁJHﬂJUWIﬂTI’ﬁUWﬁﬂﬂm“VI “UYTAUNTOIANULAZUTAUNN

v o

ARIENY : IaTINAFYYIUTVNIUING” MUNIATFIUE@YT WON.1955-2551

9 A a [ o

' Y
Fumnsoransuat Iranuanlsznnrasa Wi LED 7185y wen. wu Ti'ldy
¥

9 Y o Y J

3 1 o
@ﬂ?ﬁl&ﬂﬁWUﬂﬂ!ﬂWW mqmﬂ%’mu 10 !LG]L‘]JL!GU'E'Jﬂﬂ/iuﬂﬂWUﬂWi!LWﬁﬁiUuiUﬂﬂ!

'
o A

i a a [ Jd 1 ] a
suMuveInauINguoINaanaa daulvaiud dyarusuniuaauingaziinnly

L)

@ J

{ s o ' s
naoa IWihlszianni aanad aasawes uaz msliuasanauumslénisensa

(Arc)

1 I a3 a P [ a
drunana lvlh LED dluginsaidannseiind dlunasnionszue lhuuuaing
. o Y. [ 1

Trua (Switched Mode Power Supply) %30 SMPS 111N suns dyanasuniuaige

AN Y vy 9
a1 lanan 13dnadu

Y o ) (] I . ey eqe

msnagouaNutiu ldmanstiman T (Electromagnetic Compatibility, EMC)
o A Aax ~ ~ Yo Y] g’/
ﬂnuuﬂﬁ@nh’lﬁﬂﬁﬂﬂﬁ@‘]ﬁﬂ‘iguul’?ﬂul@ﬂ’ﬁﬁiJWli§1ut’f1ﬂﬁ‘1/]ulﬂiﬂﬂﬁﬂflh‘i‘ﬂ ‘1/]\‘1114

o [ a 1 = d A a [ ~ Yo [
53@umﬂauazimugumﬂmm G]Nqﬂﬂimmawammmﬂﬂﬁm%ﬂmumﬁmm

v Y o 9y g ¥ 9 " Y o
@nmJ1m§§1u@1ummmnﬂu”lwNgmmaﬂlh\lﬂmu G]’E)\illuﬁ'ﬂ\‘lﬁﬂluﬂlﬂmiﬂﬂ’)u
a A o v Ao A o YA

EJE]ﬂll1Lﬂuﬂlﬂmﬂ@ﬂﬂ1'ﬁuﬂ1’ﬂuh1ﬁig1u 1]1@]5@1‘1!ﬁ1ﬂﬁ%ﬂ1ﬂu@1’ﬁllﬂ'lﬁ“ﬂﬂﬁf]‘u
(399MITUNTNTEY (Emission)

http://wwwla.biotec.or.th/ NSTDAServiceWeb/detail.php?id=1

@ J 4 ) o a o d a o J 1
waﬂmmmm‘wwGlumimnaamﬁamiagt};mmmuwammmmﬂmmﬁmﬁ’m

v o a

A o a9 o o
lla%ﬂiﬂm“ﬂﬁﬂa’lﬂﬂu : %mﬂﬂﬁtytymﬁumumq

www.tisi.go.th/PR/pdf/R1955 2551 02.pdf
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10. Website NI

10.1

Website U930 1M61139)

https://en.wikipedia.org/wiki/Steradian ‘Hfﬁ 2

http://www.lightart.com.tr/useful _information.php e

. Y
http://www.seesmartled.com/kb/choosing_color_temperature/ ¥ 111 7

https://www.downlights.co.uk/fag-which-colour-temperature-.html ‘Vifﬁ 7

https://www.facebook.com/LumitronLighting Wfﬁ 7,8

http://www.snaidero-usa.com/designliving-blog/2014/11/20/led-kitchen-lights-a-

. Y
smart-choice-for-your-health-and-your-wallet ¥iH1 8

http://www.planckleds.com/what-is-cri/ ‘Vifﬁ 9

http://my-light-tech.com/color-rendering-index-cri/ 141?!}1 9

http://www.baalray.com/blog/cob-advantages/ ‘Hfﬁ 10

https://en.wikipedia.org/wiki/SMD LED Module i 10

http://heracolights.com/2014/03/10/3528-vs-5050-vs-5630-led-smd-diodes/ ‘Vi“fﬁ
11

http://www.rs-led.cc/siteen/xwzx/1956.html?cid=107 Wfﬁ 11

http://www.hisupplier.com/product-1494189-120pcs-m-2835-Flexible-LED-
stripe/ #1111 11

http://www.hibikii.com/knowledge/comparison-of-smd3528-and-smd5050-300-

led-light-strip/ #1911 11

https://www.youtube.com/watch?v=FTdUIVWK25I 111 12

http://www.alibaba.com/product-detail/High-Power-10W-300W-Epistar-

COB_508308746.html wih 12

http://www.ecplaza.net/trade-leads-seller/1w-3w-5w-10w-20w--7184049.html

w12

http://www.ledinside.com/products/2012/4/hpl led package 201204 Wi 13

http://www.alibaba.com/product-detail/Taiwan-epistar-12v-10w-led-

chip_1808706612.html ¥%11 13,14

http://www.livingearthfarms.net/equipment-and-supplies-2/ Wﬁﬁ 14
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https://en.wikipedia.org/wiki/Steradian
http://www.lightart.com.tr/useful_information.php
http://www.seesmartled.com/kb/choosing_color_temperature/
https://www.downlights.co.uk/faq-which-colour-temperature-.html
https://www.facebook.com/LumitronLighting
http://www.snaidero-usa.com/designliving-blog/2014/11/20/led-kitchen-lights-a-smart-choice-for-your-health-and-your-wallet
http://www.snaidero-usa.com/designliving-blog/2014/11/20/led-kitchen-lights-a-smart-choice-for-your-health-and-your-wallet
http://www.planckleds.com/what-is-cri/
http://my-light-tech.com/color-rendering-index-cri/
http://www.baalray.com/blog/cob-advantages/
https://en.wikipedia.org/wiki/SMD_LED_Module
http://heracolights.com/2014/03/10/3528-vs-5050-vs-5630-led-smd-diodes/
http://www.rs-led.cc/siteen/xwzx/1956.html?cid=107
http://www.hisupplier.com/product-1494189-120pcs-m-2835-Flexible-LED-stripe/
http://www.hisupplier.com/product-1494189-120pcs-m-2835-Flexible-LED-stripe/
http://www.hibikii.com/knowledge/comparison-of-smd3528-and-smd5050-300-led-light-strip/
http://www.hibikii.com/knowledge/comparison-of-smd3528-and-smd5050-300-led-light-strip/
https://www.youtube.com/watch?v=fTdUIVWK25I
http://www.alibaba.com/product-detail/High-Power-10W-300W-Epistar-COB_508308746.html
http://www.alibaba.com/product-detail/High-Power-10W-300W-Epistar-COB_508308746.html
http://www.ecplaza.net/trade-leads-seller/1w-3w-5w-10w-20w--7184049.html
http://www.ledinside.com/products/2012/4/hpl_led_package_201204
http://www.alibaba.com/product-detail/Taiwan-epistar-12v-10w-led-chip_1808706612.html
http://www.alibaba.com/product-detail/Taiwan-epistar-12v-10w-led-chip_1808706612.html
http://www.livingearthfarms.net/equipment-and-supplies-2/

10.2

http://hzelight.en.alibaba.com/product/1742296487-

800622691/modern_2014 _new_style A60_Standard led filament.html ¥ ¥ 15
http://www.ledinside.com/knowledge/2015/2/the_next generation_of led filam
ent_bulbs ¥ 15
http://www.ledsmagazine.com/ugc/iif/2014/10/24/the-ledfilament-by-

girardsudron-the-light-bulb-which-will-simplify-everything.html ‘Vifﬁ 16

http://www.runlite.cn/userfiles/5cjerp755q19k1413258994.pdf ‘Vifﬁ 16

http://www.ledacademy.net/5-4-directionality/ “Vifﬁ 17

http://sustainablemfr.com/energy-efficiency/shedding-light-led-industry ‘Vifﬁ 17

. ) ) v
http://www.siamled.co.th/page preview7.php?id=137 ¥i1i1 17

www.wt-realite.com ‘Vifﬁ 21-25
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