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Supit Boonrat 2010: The Effect of Harmonics Noise of Power Supplies on Down-Light
Lamp with LED. Master of Engineering (Electrical Engineering), Major Field: Electrical
Engineering, Department of Electrical Engineering. Thesis Advisor: Associate Professer

Kiatiyuth Kveeyarn, Ph.D. 191 pages.

This study researches have the objective for studies the lead LED to design and apply in
the illuminates system inside the building , which designing and builds by used 4.8 mm straw-hat
shape LED kinds and used total 56 of LED. The arrangement lays LED on down-light lanterns
(FBS 110/118) in 3 circle character , from that time , brightness test , spread heat test , and the
effect of harmonics noise from power supplies of down-light lanterns with LED. The power
supplies to used consist 2 kind , the readymade power supplies and rebuild power supplies. The
readymade power supplies compose such as battery , linear power supply , switching mode power
supply and bridge diode rectifier circuit. The rebuild power supplies part that design to rebuild
for example , bridge diode rectifier with regulator circuit compose such as, the small set for 1

lanterns (5 set) and a big set for 5 lanterns (1 set) .

The experiment result is the down-light lanterns with LED will be consume power equals
to 2.58W , at the 1 meter distance will give the brightness equals to 105.8 Ix , effective
illuminating equals to 148.41 1x/W , when turn on for 1 hour will born topmost heat that tube skin
equals to 55.1 the degree Celsius. The effect of harmonics noise from the readymade power
supplies that switching mode power supply will be topmost total harmonics current. The bridge
diode rectifier with regulator circuit part that when bring accompany with many lantern will make
have the total harmonics current up to enhance , by a big set for 5 lanterns has will the merit is
consume the little power more than the small set for 1 lanterns (at 5 lantern amounts are

equal ) , which there are the total harmonics current are similar to.

Student’s signature Thesis Advisor’s signature
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, V (V)
TUIUTIDA
BUNTY VU Nl A Ny B
4 12 3 6 6
6 18 3 6 9
8 24 3 6 12
10 30 3 6 15
319N 4 WANITNARDINTTUAVDINITABLDADALVVAIC
. I (mA)
TUIUTIODA
UNTY VHUIU WU A WU B
4 13.5 43.2 19.3 19.3
6 124 65.3 324 24.2
8 11.7 74.3 38.3 21.6
10 11.5 84.2 51.6 20.7
d’ o QJ 1 A ]
MAMINN S Wﬁﬂ’liﬂﬂa@\iﬂ']a\illw%h“ﬂ@ﬁﬂ’l'ﬁﬂ@l!@ﬂ@ﬂllﬂﬂ@nqa]
. P (W)
TUIUTIODA
BUNTY VU N A Ny B
4 0.162 0.130 0.116 0.116
6 0.223 0.196 0.194 0.218
8 0.281 0.223 0.230 0.259
10 0.345 0.253 0.310 0.311
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oUNIN
NUINYANA ﬂTINZT’J'N (Ix)
10 cm 20 cm 30 cm 40 cm 50 cm
4 334 100.8 45.1 22.5 18.6
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8 667 219 92 534 33.8

10 879 287 120 70.4 47.3
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M3190 7 HANINAADIIAAIANUAINVDINITADLDADALL VYUY

VU
NUINaen ANNANA (Ix)
10 cm 20 cm 30 cm 40 cm 50 cm
4 238 70.7 30.5 17.4 12.8
6 286 76.3 33.9 19.8 13.1
8 302 90.3 453 25.6 16.2
10 319 106.8 479 28.5 19.7

A15191 8 NANINARDIIAAIAINEINVDINITADLOADALLUHTN A

UUUNTN A
NUIUTiaoA ANNEINA (Ix)
10 cm 20 cm 30 cm 40 cm 50 cm
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6 306 114 55 35 20
8 517 158 74 44 27
10 734 178 81 50 36

M99 9 HANISNARBIIANIAINEINYBINTABLDADALUUNEN B

UULKNEY B
NUINaen ANNANA (Ix)
10 cm 20 cm 30 cm 40 cm 50 cm
4 282 98 44 24 17
6 525 141 63 33 22
8 727 167 78 42 28

10 944 242 96.6 58.1 39
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-315°C
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-315°C
F 290 °C
265 C
240 °C
—-215°C
-15.0 360.0
215 315

MNA 43 ¥ANITNAADINITNTZIIAINS DUAIENZDID 1WA MANNT BU(Fluke TU Ti20) 91N

MIABNABAIBADA IUUUVVIVTHTULVY A 10 ABA (Max Temp=31.5 °C)



50

~30.5 °C
F 263 °C
255 C
F23.3°C
- 208 °C
-15.0 360.0
208 308

MW 44 HANTNAADINITNTZIBADINS DUAIBNADIDIWAINANWS DU (Fluke FU Ti20) 910

MIABKABANBADA 1UFUNVVIINANLILY B 10 HABA (Max Temp=30.8 °C)



4 1 @ 1 a &Y 1
M3197 10 HANINAADINITADHADAUDADA IUANHULIIVTUVUAE) VINUINDTIA power quality analyzer (Fluke JH 43B)

U 1. WNITHVVIUNTY 2. NITUYVUUIY 3. :NﬂiLL‘U‘UNﬁiJLL’U‘Uﬁ A 4, N%muuwammuﬁ B
WaeA v (V) I(mA) P (W) Lux V,/(V) L(mA) P (W) Lux V. (V) I(mA) P (W) Lux V,/(V) I(mA) P(W) Lux
1 3 123 0037 76 - : / ; - - ; - - ; ] ]

2 6 134 0.080 17.0 3 288 008 175 - ! - - - - - ;
3 9 134 0121 266 3 351 0105 264 - - - - . - - .
4 12 135 0162  45.1 3 432 0130 305 6 193 012 440 6 193 012 440
5 15 133 0200 515 3 575 0173 289 - - - - y - - ;
6 18 124 0223 662 3 653  0.196 339 6 324 019 550 9 242 022 63.0
7 21 121 0254 729 3 702 0211 397 - - - - - - - ;
8 23 1.7 0281 92,0 3 743 0223 453 6 383 0.23 740 12 216 026 780
9 27 118 0319 1020 3 80.5 0242 460 - - - - - - ; ;
10 30 115 0345 1200 3 842 0253 479 6 516 031 810 15 207 031  96.6

IS
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o a | a [
ansasnunszuasnldne viooaueadd 4 waoaamilu 1 gaRUNTZUAININD 20 mA
WUy 14 gavziunszudiiny 280 mA uazAaiemnnulasans 25% azld
anszualumseonuuunrasnielimify 350 mA Fesmualiunasseliaunsasie
4 19 ' [ lel o v I A o Y
nszud 14 hitlesnd1 350mA AviuamIsamuInmvuIavesaunulsz i liaiszaon

AU (ripple : r) voauseau llihdueenlaihu 0.1%

Vr(rms) _ 2.4x Idc(mA)

= (17)
Ve C(yF) XV

24350
0.001x9.73

C =86,330.93 uF

4
[ =<K A

aaiududenldudontlaslvihvuia 220vac/12vac 800 mA v3ad lalon
wes BR32 1¥@unu1lsey €, ¥11A 33,000 pF 3 Fvuuiudaldannugmiiny 99,000 pF
C,vu1@ 100 pF IC Regulator 1wes LM350T (AMANUIN)

3.2.2 myeenuuutrasnglidmsuseldsulauarni lansiuau 5 Tau

ADI10921AH2T0 3.2.1 Td1uaaza19TauagAuUNTZUaNINY 280 mA

$1uu 5 Tawez 1

1 =280x5

1=1,400
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a A [ Y
AamemaNulaoany 25% %31@]

1=1400x1.25

1 =1750 mA

A o Y1 A
i lvaiszaennay

Q

k4
[ o v ]
AITUAINITOAIUIVNNIVUIAVOIA NS

ee

(ripple : r) VoAU Ivlfhdweenluimu 0.1%

 2.4x1750
0.001x9.73

1

C, = 431,654.67 uF
guindudenldudeuasliihvina 220vac/12vac 5A 1509 laloares
BR32 1¥duAuilszy €, a11a 33,000 pF 14 dvuuiudaldnianuquiiy 462,000 pF C,

VYU 100 uF IC Regulator L]J6§ LM350T (ﬁ]ﬂ'lﬂﬂu’)ﬂ)

4‘ (] = < A a J a 1 ] o
2NN 53 uraenelwaniesSenszumAnadunuuusSaswiiala Toas i U199 NEA
FLAVUTIAU (12V,)
(M dwmsuneld lauueadauaas Tay
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(@) dwmsuel lanueadasiuiu 5 lay
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R1

PN 54 29ITNTOIANUAUVUANNDAIHIU R-C filter
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1
= 18
S 27RC (1%
Tagii £, feanuddmeo
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4 1 1
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1
27Rf,
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C=1,061 uF
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1. WamMsnaaaUIaAINNNA I

d' Y] U 1 s ~ [ 9
M1319%0 11 Naﬂﬁ‘ﬂﬂﬁ@‘]_l’Jﬂﬂ”Iﬂ’ﬂllﬁ’JNﬂJf’NIﬂllﬁa@ﬂLlﬂﬁ@ﬂiﬂﬂmﬂﬂﬂﬂiﬂﬂﬁaﬂﬂqﬁ 25W

taz Inuviaaazinegy SW

AmEafisvezag
5282 (cm) ANUEIN (IX)
Tauriaenld 25W  lanviaeanziey SW Inuviaeneadn
10 5,010 5,450 7,550
20 1,702 1867 2,430
30 787.5 826.7 1,071.5
40 505.2 456.3 621.1
50 331.8 270.2 382.9
60 203.6 178.7 273.6
70 152.9 131.7 210.3
80 112.1 102.5 155.2
90 86.3 77.5 125.7
100 74.3 65.2 105.8
110 60.5 52.6 92.4
120 52.5 43.7 783
130 44.5 36.7 67.3
140 40.2 324 59.3
150 32.1 27.2 52.8
160 28.1 243 475

170 25.4 20.8 42.7
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ANNAININIZEZA

282 (cm) ANUEIN (IX)
viaon ld 25W naeAnLNUL SW viaeAUeann
180 22.6 18.7 38.3
190 20.9 16.8 345
200 18.3 15.5 32.1
000 —— vaoald 25w

7000

6000

5000

—l— vinoanzifioy SW

S

—— viaeALBADAN

3

4000

AUAI (Ix)

3000

2000

10 20 30 40 50 60

70

80

9 100 110 120 130
szozIngaTaudatananali (cm)

140

150

160

170 180 190 200

21

Y v o 7 ' 1 @ @
ﬂ"I‘Wﬁ 60 ﬂ’nuﬁuwuﬁizmmmmmnmizazmm;mmmqﬁwaaﬂ"lw

~

N3z 10 cm-200 cm
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ANNAIN (IX)
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100

80 4
<

60

40

20

—— viaoald 25w
—l— vineaaziioy SW
N .
—h— vinoaueadAnaNg|
100 110 120 130 140 150 160 170 180 190 200 21
szezonyaiauastanasalyl (cm)

4 v o d J J @ @ {
cﬂW‘lﬁ 61 ﬂ??llﬁﬂwu‘ﬁigﬂ’ﬂﬂﬂ’ﬂllﬁ’ﬂx‘lﬂﬂi$8$ﬂ1ﬂi}ﬂ3ﬂllﬁﬁﬁﬂﬂﬁ@ﬂﬁi$8$ 100 cm-200 cm

M99 12 wamsnagouiaaNInszneaIued lauvasatoadameuny Iauvaoa ld

25W uaz lauvasaainel SW N5zeg 0.5 m

d
ﬂ15°{lﬂﬁi’)ﬂﬂ1§ﬂi%%]ﬁl!!ﬁ\ﬁli’)\iiﬂﬁlﬂ13‘l—mﬁﬂ

ANNEINA (Ix) N2 0.5 m

ey
Tauviaenld 25 W TnuviaeAnZIngy 5 W Tnuviaoaueadi

-90 0.7 0.3 0.7

-85 1.8 1.9 1.1

-80 2.4 59 2.5

-75 43 9.7 5.8

=70 13.0 38.3 18.1
-65 459 79.5 57.5
-60 122.7 128.4 94.1
-55 158.5 151.5 162.8
-50 173.6 178.3 216.4
-45 197.1 187.7 263.2
-40 206.3 197.7 3233
-35 171.1 205.4 361.5
-30 160.3 217.6 405.8
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J
m's‘nﬂere‘umsnszmmmwmiaummﬂaw

Y AN (1Y) H5282 0.5 m
Tauvaeald 25 W TauviaeAnzINay 5 W Tnuviaeaueadi

25 158.7 212.3 425.6
-20 188.4 215.8 445.1
-15 217.4 232.9 4243
-10 280.2 255.6 41122
-5 286.5 255.5 404.8
0 331.8 270.2 382.9
5 289.6 257.4 403.5
10 279.3 255.1 409.3
15 220.2 231.9 425.6
20 186.5 216.2 4454
25 160.6 211.0 427.1
30 162.1 217.4 408.9
35 173.8 207.3 362.1
40 209.3 198.2 325.6
45 197.4 189.7 268.3
50 175.3 176.6 216.5
55 161.1 152.8 165.4
60 123.3 127.3 94.5
65 46.4 82.4 55.8
70 15.2 33.8 20.8
75 48 10.2 5.6
80 2.7 6.3 33
85 1.7 2.3 1.2

90 0.8 0.5 0.5
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60

— Incandescent 25 W
—— Compact fluorescent 5 W
—/ED

d' 9 = aa R 1 A a
MAUN 62 ﬂﬁﬂi%mﬂuﬁﬁﬂlﬂﬂﬁaﬂﬂ‘lﬁ O RIZI AL Lmzufl@’ﬂﬂ%ﬁﬂiiﬂ@chuiﬂlm%uﬂ

AIINUNTLEL 0.5 m

A 3 Y] =
INNINN 62 “Juﬂi’W‘Iﬂ'ﬁﬂﬁgﬁnﬂ!lﬁ\‘ﬁl@\jiﬂuwaﬂﬂqﬁ Iﬂuﬂaﬂﬂﬁ&ﬂﬂu Lmﬂﬂu

ddd! ] d' a =S [ 3 1 as = d'

vinoaupadaIuIIegu launytdamenuaziiunlnueadargianyme NI NTZ1eUaN
; 1 % @ 1 3

FuasHazmitaNenIviana lduazvasanziney FuiuiutudeadnisemsvosTan il

P Jaq ¥ aa
LLUU@T’JH%ﬁﬂﬂi%Wﬁ@ﬂLlﬂﬁ@ﬂ

d' [ [ 4 1 [ A Y o
f1319% 13 Nﬁfﬂi‘ﬂﬂﬁf]‘]_lﬂ’ﬂilﬁiJW“LJ‘ﬁ'i$ﬁ31ﬂlli\1ﬂuu11/\lﬁ"lﬂi$uﬁﬂiﬁ nnelvinulauvaea

[

A 1 1
UBABANUVAIAINVTIN

HSIAH (V) ANNA N (Ix)
10.0 0.6
10.5 16.3
11.0 39.8
115 72.4
12.0 105.8

12.5 134.7
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M3 13 (919)

HSIAH (V) ANNA N (Ix)
13.0 149.1
13.5 158.5
14.0 172.6

2. wamsﬂﬂﬁa‘um‘;nszmamm%’eu

M1519% 14 wamsnadeuanuiougeganalveslavvaoa ld Inunasaazifounas Tny

s A [ IS Y
Llﬁlﬂﬂﬂm8Uﬂﬁi$8$£3@1ﬂ15lﬂﬂ1%ﬂu

szaznm ANIOUGIFAVINUAINADA (DA UBATE)
() Tauviaeald 25 W lauviaeansthen 5 W Tnuueadi
0 101.3 51.9 39.3
10 168.6 84.5 54.9
20 168.6 84.2 552
30 169.9 83.3 55.8
40 168.1 85.3 55.7
50 167.9 84.6 53.9

60 168.8 84.8 55.1
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H ~ 1699 °C

1347 °C

- o8as-c

- B42°C

= 280°C

MNA 63 #aN1INAADINITIAAINITNTZIEAINS DUAIENZEIn A INAINS U (Fluke JU

Ti20) Mnviaea 14 (25 W) tiornaiwiu 'l 30 1% (Max Temp = 169.9 °C)

i 8330

- B96°C

r560°C

F423°C

R8T

MW 64 WANTNAABINTIAAINTNITZIIBANINS DUAIINEDIN1BNTNANUTOU (Fluke J1

Ti20) Mnvaeaazey (5 W) toraatriv 11 30 w1 (Max Temp = 83.3 °C)
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H 588

-439°C

F421°C

F352°C

283

MW 65 WANINAADINITIAAINITNTZDBANUSDUAIINEDIN1BNINAINS DU (Fluke JU

Ti20) 910 Inuviaeaueasa eoa1r v 11 30 W% (Max Temp = 55.8 °C)

| 1< [ U

mﬂmwﬁ 63-65 L‘]J‘L!Nafﬂi‘ﬂﬂaﬂQﬂ"l'i'Jﬂﬂ"lﬂ"liﬂi8%18?13111%)914@’]}’3871’3@\101851TW
9 ' . &£ <3 1 Y 3 = 9 1%
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3.1 urasne IihonnuusweTaeldnu Tauaind lan A

UOLTS 7 AMPS FHERTZ POWER 186

1 E.DU U= 10CF DL H=

ver 2199 ..

(L0

(M) BSIAULBSNTZILE @) e Infazanlsznoudiaa Tadh
MW 66 auIIOUzA1 M lWThnuuaees

3.2 unasng Ivihanuvasoe Iwuuudadu

POWER 18
85
152 va
1286 var

HARMOHICS HARMOHICS
397"
, ~
658n°

S 9 13 17 21 25 29 33 37 41 45 49

RECALL M 5]

() THDv N3diltoada

MNN 67 aussouzaag M Iihanurasenuudadu

72
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HARMOHICS HARMOHICS
393 Lo
B58 M

44 kF

1 S 9 13 17 21 25 29 33 37 41 45 49

RECALL ] [G0]

(3) THDv A8IANNAUNIY (R) THDi NIHANNATUNIU
4 :
MNAN 67 (919)

d' 4 a 4 = (L] a 9 = [
139N 15 Wﬁﬂﬁ“ﬂﬂﬁ@“ﬂﬂi%!tﬁ’é’ﬂ‘iu@uﬂﬁq’ﬁﬁﬂiuﬂimlmaﬂﬁﬂﬂhl“l’\lllﬂﬂlﬂﬂlﬁum&l‘ﬂﬂ‘u

11999711 EN61000-3-2 class C

Maximum harmonic current results

i Limit [%] Measured (LED) [%] Measured (R) [%]
1 - 100 100.0
2 3 0.7 0.7
3 38.52 39.4 393
4 ) 0.6 0.6
5 15 14.5 13.7
6 = 0.6 0.6
7 10.5 4.9 4.8
8 F 0.6 0.5
9 75 4.8 48
10 - 0.5 0.5
11 4.5 5.0 4.8
12 - 0.4 0.4
13 4.5 2.0 2.1
14 - 0.5 0.4
15 4.5 1.1 1.0

16 - 0.4 0.4



M1 15 (79)

74

Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
17 4.5 1.5 1.5
18 - 0.6 0.6
19 4.5 1.1 0.6
20 - 0.5 0.6
21 4.5 0.9 0.9
22 - 0.4 0.4
23 4.5 1.4 1.3
24 - 0.4 0.4
25 4.5 0.8 0.9
26 - 0.6 0.4
27 4.5 0.8 0.8
28 3 0.5 0.5
29 4.5 0.9 0.8
30 5 0.7 0.7
31 4.5 0.7 0.7
32 = 0.7 0.7
33 4.5 0.8 0.7
34 - 0.6 0.4
35 4.5 0.7 0.5
36 = 0.6 0.5
37 4.5 0.6 0.5
38 - 0.5 0.5
39 4.5 0.6 0.7
40 - 0.7 0.7
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100

x©
(e

I
=

Maximum Harmonics level (%
(V] [
o (e}

O Limitted (%)

B Measured LED (%)|

[ Measured R (%)

1 2 3 4 5 6

I8 [N V| I R R

7 8 9 10 11 12 13 14 15

Harmonics order

H o a J = T a ~ [
JTI‘Wﬁ 68 ﬂ‘mmaﬁmunﬁgqqgﬂuﬂimmemmmmmuwwﬁumwﬂummgm

EN61000-3-2 class C

3.3 unasnevihanurasoe Iuuuaing

UOLTS FAMPS F HERTZ

POWER 18

14CF SD,UHZ

1839.
24

Ua

28 CF

541 :°
124958
97 wF

4r

100
e

5 9 13 17 21 25 29 33 37 41 45 49

RECALL ] [G0]

() THDv N39iltoada

S0

= I

- I

o ally
1

S 9 13 17 21 25 29 33 37 41 45 49

(4) THDi ndlltoada

MNN 69 aussouza1e M lihanauranenuain
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HARMOHICS HARMOHICS
538"
1248:%°
97 kF
4|»

100
Hr

S0
=l
aln.
l:"I

S 9 13 17 21 25 29 33 37 41 45 49

(3) THDv N3fIANAIUNIY (R) THDi NINANUAIUNIY

MNN 69 (719)

J

4 4 a A a A Y
ﬂ1§1~1ﬁ 16 NﬁﬂWi‘ﬂﬂﬁ'ﬁ]‘Uﬂﬁ%t!ﬁ@ﬂiN@uﬂ’ﬁ’ﬁﬂﬁﬂiuﬂiﬁllﬂﬁﬂ*ﬂﬂhl%lllﬂﬂﬁ’JWINLﬁEJUﬂ‘]J

U Q

11919974 EN61000-3-2 class C

Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
1 = 100 100.0
2 3 0.4 0.4
3 38.52 56 55.3
4 - 0.1 0.2
5 15 36.7 36.5
6 = 0.2 0.2
7 10.5 11 10.7
8 H 0.1 0.1
9 7.5 14.2 14.1
10 - 0.2 0.2
11 4.5 15.5 15.1
12 - 0.2 0.2
13 4.5 4.4 43
14 - 0.2 0.3
15 4.5 3.8 3.5

16 - 0.1 0.1
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Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
17 4.5 4.4 4.5
18 - 0.1 0.1
19 4.5 3.9 3.7
20 - 0.2 0.2
21 4.5 2.4 2.0
22 - 0.2 0.2
23 4.5 2.3 2.3
24 - 0.3 0.3
25 4.5 2.3 23
26 - 0.1 0.1
27 4.5 1.1 1.3
28 3 0.1 0.2
29 4.5 1.3 1.2
30 5 0.1 0.1
31 4.5 1 1.0
32 = 0.1 0.2
33 4.5 0.4 0.3
34 - 0.2 0.2
35 4.5 0.7 0.4
36 = 0.1 0.1
37 4.5 0.5 0.4
38 - 0.1 0.1
39 4.5 0.2 0.2
40 - 0.2 0.2
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1 T = 3 4 a o
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POWER 186
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MNAN 71 FUTTDOUSAN ‘Vl'l\?bh/\lﬂ'lgl]'lﬂllﬂa\cli]']ﬂllﬂﬂﬁ\‘li]iﬁENﬂigl!ﬁlﬁmﬂﬁuuﬂ'ﬂ‘ﬂiﬂﬂﬂfuﬂ

laTon



79

HARMOHICS

AMPS i WATTS

HARMOHICS
236"
5260

60 krF
>

5 9 13 17 21 25 29 33 37 41 45 49

RECALL H (19 ]

(9) THDv N3fiANAIUNIY (R) THDi NINANUAIUNIY
4 .
MWN 71 (90)

$ 4 = 4 1 1 <
3197 17 wamsnaaeunszudesueindgagalunsaiunasnie Muuuiessenseuman

aauuuuuiatrialaToaiouiuinasgiu EN61000-3-2 class C

Maximum harmonic current results

R Limit [%] Measured (LED) [%] Measured (R) [%]
1 - 100 100.0

2 3 1.1 1.0

3 38.52 16.4 15.9

4 - 1.0 1.0

5 15 17.5 17.0

6 - 0.7 0.7

7 10.5 0.9 0.7

8 - 0.6 0.7
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Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
10 - 0.5 0.6
11 4.5 4.2 4.2
12 - 0.6 0.6
13 4.5 1.8 1.6
14 = 1.2 1.2
15 4.5 1.5 1.3
16 - 0.7 0.7
17 4.5 1.9 1.7
18 - 1.5 1.5
19 4.5 0.4 0.6
20 3 0.9 0.9
21 4.5 1.1 0.8
22 3 0.7 0.6
23 4.5 1.5 1.5
24 a 0.8 0.8
25 4.5 1.4 1.0
26 - 1.1 1.0
27 4.5 1.1 0.9
28 - 0.7 0.7
29 4.5 0.9 0.7
30 - 1.0 1.0
31 4.5 1.1 1.0
32 - 0.8 0.8
33 4.5 1.0 1.0
34 - 0.7 0.6
35 4.5 0.7 0.6
36 - 0.6 0.6



a
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GB))
Maximum harmonic current results
Hn
Limit [%] Measured (LED) [%] Measured (R) [%]
37 4.5 0.8 09
38 - 0.9 09
39 4.5 1.3 1.1
40 - 0.9 09
120

S

= 100 O Limitted (%) —

>

[P}

2 80 B Measured LED (%) —

B=!

@]

£ 60 [l Measured R (%) | —

=

E 40

E }

5 20

>

0 \
3 4 6 7 8 9 10 11 12 13 14 15
Harmonics order

3 J a 4 1 1 I~} 4 a J
MNN 72 nszuaasuelndgagalunIfiuuanenUDINTIFeINTTUAANAAUIVVUTAD

il la Toafio Ui uIAT31U EN61000-3-2 class C

a LA d' Vv ) < d' a Jd A U [y
4. DNIUUHAIYNDINUUVUVAINDY (’Nﬂi!iﬂﬁﬂi%!!ﬁlﬂuﬂﬁu!!ﬂﬂﬂiﬂ%‘ﬂuﬂllﬂiﬂﬂﬁﬁuﬂﬂ

29255 NHITLAVUTINY)

oA Y o Y Yo an o Y 1
- Llﬁa\jﬂ'lﬂﬂﬂf]ﬂ&!ﬂﬂﬁﬁ']\Tﬁ’l?iiﬂﬂ']ﬂﬁlﬁﬂﬂiﬂllll@a@ﬂ 1 Iﬂll TUIUS ‘lzﬂllﬂllﬂ ‘]2@ A

,B,C,DuUas E

o ~ Y 9 [l Yo A o Y 1
- urasneNesnuuUaI Nd S une iy Tnuoada 5 Tau 314U 1 “]gﬂhlﬂuﬂ %A F
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msnadevzimualnegnieldou luuseau luihdnudneinl 220v a1 50 Hz
[ d‘ Y 9 ra v d’
uazoasiszaennauvowsiu Iihdwesnliinu 0.1% Tasnanmsnadoudasiszaonnau

yoausanu lihduesn % r vesnaseuaazya lauaas 13 luaseh 14

M3197l 18 wamsnadouoaTIszaonnauvewsIay lWihamesn % r veurasiieuaazya

Faoonuuu 1A% ua lunu 0.1%

ﬁﬁlmgﬂ Vac,rms (mV) Vde(V) (Vac,rms / Vde)*100 = %r (%)
A 5.8 13.38 0.04335
B 5.4 13.55 0.03985
C 5.6 13.43 0.04170
D 5.4 13.59 0.03974
E 5.9 13.29 0.04439
F 5.7 13.21 0.04315

AR ~ L] 1 Yo 4 4
4.1 NTUANEIN 1 LAY A %TEJ&],ﬁﬂ‘UIﬂ‘JJﬂTJullﬁVI A

Wag Variac

Supply A Lamp A
0-250%

a AR ~
MNN 73 llﬂ@zl!ﬂillﬂ’li‘ﬂﬂﬂ@ﬂﬂﬁmﬁﬂ']el'ﬁfl 1

UOLTS 7AaMPS FHERTZS
2200u- 1acr

L= =

(M) UTIPY NTLUA LAZANUD @) f1ae i anlszneuside i
d’ [ [ 1 ~ < A a ¢ a
MW 74 aussouza1ag MalifhnnurasneuuuRISsanssuadaduUUUT AT YTia

TaToasauiurassnuszauussaulunsaiansin 1



HARMOHICS

378x°"
359
74

&3

350:°
3 E.E mf
109

S 9 1F 17 21 25 29 33 I7 41 45 49

9
() THDv ATAANVATUNIY

MNN 74 (919)

RECALL

1] (11 ]

q 9
(p) THDi AFAANUATHNIY

~ s a < ~= A ~ v 1A o w
13190 19 Wﬁﬂ?iﬂﬂﬁ@ﬂﬂigllﬁa']iﬂﬂuﬂﬁqxiq@iuﬂimﬁﬂ‘ﬂ’l% 1 MIUNUMUAINANTSLLE

915 U HNFANINTTIU EN61000-3-2 class C

Maximum harmonic current results

\ Limit [%] Measured (LED) [%] Measured (R) [%]
1 - 100 100

2 3 0.9 0.8

3 38.52 35.6 33.8

4 - 0.7 0.7

5 15 14.9 14.2

6 - 0.9 0.8

7 10.5 7.3 7.3

8 - 1.1 1.0

9 7.5 7.5 7.3
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Maximum harmonic current results

o Limit [%] Measured (LED) [%)] Measured (R) [%]
10 - 1.1 0.9
11 4.5 2.2 2.2
12 A 0.9 0.7
13 4.5 2.2 2.2
14 I 1 1.1
15 4.5 1.7 1.6
16 F 0.8 0.8
L7/ 4.5 1.6 1.7
18 - 0.7 0.7
19 4.5 1.4 1.3
20 - 1 0.8
21 4.5 1 0.9
22 2 1.1 1.0
23 4.5 1.1 1.1
24 £ 0.9 0.9
25 4.5 0.9 0.9
26 < 1 0.9
27 4.5 1 1.1
28 3 0.9 0.9
29 4.5 0.9 0.8
30 - 1.2 1.2
31 4.5 0.8 0.8
32 - 1.3 1.2
33 4.5 1.4 1.3
34 - 0.6 0.7
35 4.5 1.7 1.6
36 - 0.7 0.5
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Maximum harmonic current results

Hn
Limit [%] Measured (LED) [%)] Measured (R) [%]
37 4.5 1.1 1.1
38 - 0.8 0.8
39 4.5 1.3 1.2
40 - 0.9 0.9
120

. D . .
%, 100 - O Limitted (%) -
>
2 B Measured LED (%)
2 80 T
g 0 - [l Measured R (%) B
<
as
£ 40 -
£
5 20 -
p=

0 1

4 5 6 7 8 9 10

Harmonics order

11 12 13 14

15

a s a = A - o 1A o w s a
NINN 75 ﬂigllﬁaWiN@uﬂﬁQ\?’q@GlUﬂiﬂ!ﬁﬂ]&ﬂ‘ﬂ1 NYUNUAIUAINNANTEUTTIITUDUNTATY

U331 EN61000-3-2 class C



AR ~ [ ] 1 Yo 4 I
4.2 ATUANEIN 2 UWAN91Y A-E ﬁ]?ﬂalﬁﬂ‘]JIﬂﬂJﬂTJullﬁﬂ A

1 1 d’ 1 Y v d‘
42.1 uraanegan A Delinulaui A

Vac Variac

0-250%

2N 76 1aozunIUNMINARDINTA 4.2.1

UOLTS 7 AMPS FHERTZ

N
cen gy

Supply A

500 .-

L

9.
i

2scF 380 na-

POWER 186

Lamp A

eI
3 E.E mf
109

S 9 13 17 21 25 29 33 3I7 41 45 49

RECALL M [14]

(9) THDv N3AIANAIUNIY

d’ 1 o ~ I A a J a
MUN 77 qUTTOUSHNG T]TQIIV\IﬂTﬁ]'IﬂLLWaQi]']EJLL‘]J‘]J'JQi]iliENﬂigllﬁL@NﬂQULlﬂﬂﬂiﬂi]GBUQ

(R) THDi NINANUAIUNIY

TaToas U199 AT L AUUTIAUNTDL 4.2.1
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3 P a o o w P
M3197 20 WANINAADUNIZUABINOUNAGIFATUNID 4.2.1 MPVAUAVAIINANTSUA SIS

UoHNFAINNIATIIU ENG1000-3-2 class C

Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
1 - 100 100
2 3 0.9 0.8
3 38.52 35.6 33.8
4 - 0.7 0.7
5 15 14.9 14.2
6 F 0.9 0.8
7 10.5 7.3 7.3
8 - 1.1 1.0
9 7.5 7.5 7.3
10 - 1..1 0.9
11 4.5 2.2 2.2
12 2 0.9 0.7
13 4.5 2.2 2.2
14 S 1 1.1
15 4.5 1.7 1.6
16 & 0.8 0.8
17 4.5 1.6 1.7
18 3 0.7 0.7
19 4.5 1.4 1.3
20 - 1 0.8
21 4.5 1 0.9
22 - 1.1 1.0
23 4.5 1.1 1.1
24 - 0.9 0.9
25 4.5 0.9 0.9

26 - 1 0.9
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Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
27 4.5 1 1.1
28 - 0.9 0.9
29 4.5 0.9 0.8
30 - 1.2 1.2
31 4.5 0.8 0.8
32 3 1.3 1.2
33 4.5 1.4 1.3
34 3 0.6 0.7
35 4.5 1.7 1.6
36 - 0.7 0.5
37 4.5 1.1 1.1
38 5 0.8 0.8
39 4.5 1.3 1.2
40 = 0.9 0.9




&9

120

x s 0
;D, 100 - O Limitted (%)
>
2 B Measured LED (%)
n 80 —
g [l Measured R (%)
E 60 —
<
jan)
£ 40 -
£
5 20 -
p=

O —

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Harmonics order

a s a ~ - v 1A o w s a
HNINN 78 ﬂﬁ%tlﬁa1iﬂﬂuﬂﬁqqq@1uﬂim 42.1 NIVNUAVAINNANTSLUTINTUDUNTATY

119973711 EN61000-3-2 class C

1 1 d' 1 Y o d'
4.2.2 UVaNYYAN B %WEJGLWﬂUIﬂiJ‘ﬂ A

Vac Variac

0-250%

Supply B Lamp &

MNA 79 Ulﬂﬁ)%uﬂ‘iilﬂﬁﬂﬂﬁﬂﬁﬂifﬁ 422

RECALL

(N) UFIAY NTSUE LAZANND @) f1ae i anlsznouside i

a 1 v = I A a ¢ a
MNN 80 TUTTDUTHAN ‘1/1NVI,‘V\|1711i]1ﬂ!L‘ViENi]1EILHJ1J’Ni]‘il;iENﬂﬁmmmuﬂauuUUUiﬂ%%’UW

TaToas 1A U995 AITLAVUTIAUNTAL 4.2.2
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HARMOHICS HARMOHICS
378"
335
81

13 17 21 25 29 33 37 41 45 49

RECALL M 3

(4) THDi n3dlltoada

HARMOHICS

352 e 14
4990 n=
335ma 315 ma
109 943 %r
O«
>

a n
1 5 9 13 17 21 25 29 33 37 41 45 49

RECALL M (13 ]

(3) THDv R38R NN UMY (R) THDi NIHAMNAIUNI
4 :
2NN 80 (A19)

3 a Y 1 o w 4
M3197 21 wamInaaeunszuaasuetndgegalunsal 422 iMeuiusdiasinanszudens

u@ﬁﬂﬁmummgm EN61000-3-2 class C

Maximum harmonic current results

\ Limit [%] Measured (LED) [%] Measured (R) [%]
1 - 100 100

2 3 2.0 1.8

3 38.52 35.8 31.9

4 - 1.1 1.0

5 15 14.8 15.8

6 - 1.0 0.9

7 10.5 7.1 6.7

8 - 1.0 0.9
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Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
10 - 0.9 0.9
11 4.5 2.2 2.4
12 A 1.1 1.0
13 4.5 2.2 2.2
14 I 1.3 1.3
15 4.5 1.4 1.3
16 F 1.0 0.9
L7/ 4.5 1.1 1.1
18 - 0.9 0.7
19 4.5 1.2 1.0
20 - 1.1 1.0
21 4.5 0.9 0.7
22 2 11,2 1.1
23 4.5 1.7 1.4
24 8 1.2 1.2
25 4.5 0.9 0.9
26 & 1.0 0.9
27 4.5 1.2 1.1
28 3 0.9 0.9
29 4.5 0.7 0.7
30 - 1.0 1.1
31 4.5 1.2 1.2
32 - 1.2 1.1
33 4.5 1.1 0.9
34 - 1.1 0.9
35 4.5 1.4 1.1
36 - 0.9 1.1
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Maximum harmonic current results

Hn
Limit [%] Measured (LED) [%] Measured (R) [%]
37 4.5 1.6 1.5
38 - 1.1 0.9
39 4.5 1.2 0.9
40 - 1.0 0.9
120

N3 O Limitted (%)
E 100 — _
E B Measured LED (%)
2 80 —
'% ] Measured R (%)
E 60
<
jan)
E 40
E
5 20 -
=

0 S, Mﬁhﬁhﬁﬂﬂﬂ

9 3 4 5 6 7 8 9 10 11 12 13 14 15

Harmonics order

d‘ 4 a J = = @ 1 A o w 4 a J
MNN 81 ﬂigllﬁﬁﬂﬁﬂﬂuﬂﬁqxiq@“ll‘mim 4.2.2 NYUNUAIVANANTSUTINTUDUNTAY

113314 EN61000-3-2 class C

1 1 d' 1 Y o d’
4.2.3 unaaneyai ¢ Mglvinulaun A

Vae

Varac

0-250V

Supply C

WA 82 laozunsumsnaaoansal 423

Lamp 4
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UOLTS 7 AMPS FHERTZ

cc D,U U= 14 CF

368 na-

. A00mA

RECALL

25 29 33 37 41 45 49

3 5 TﬂD
355 .n
109

S 9 13 17 21 25 29 33 I7 41 45 49

RECALL [T [12]

(9) THDv N3AIANAIUNIY (R) THDi NINANUAIUNIY

4 1 A I 4 a Jd a
fﬂWﬁ 83 AUITTDULHN 1/]']\‘1]1‘1/‘1‘171'151']ﬂllﬁﬂ\1i]WEJLL‘]J‘]J'NiﬁSENﬂimlﬁmuﬂauuﬂﬂﬂiﬂﬂ%u@]

TaToas i U993 SNEITEAUUTIAUNITL 4.2.3

M919d 22 ramsnageunszuaasvetindgagalu n3dl 4.2.3 Meviuadasianszuaes

N@ﬁﬂfof'G]WMM']ﬁiiTu EN61000-3-2 class C

Maximum harmonic current results
Hn
Limit [%] Measured (LED) [%] Measured (R) [%]

1 - 100 100
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Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
2 3 1.2 1.1
3 38.52 359 33.5
4 A 1.1 0.9
5 15 14.5 12.9
6 3 0.9 0.8
7 10.5 7.5 7.4
8 F 0.8 0.9
9 7.5 7.0 6.8
10 - 0.9 0.7
11 4.5 1.7 1.5
12 - 0.7 0.9
13 4.5 2.9 2.6
14 2 1.0 1.2
15 4.5 1.4 1.3
16 £ 0.8 0.8
17 4.5 1.1 1.1
18 & 0.8 0.9
19 4.5 1.1 0.9
20 3 0.6 0.5
21 4.5 1.4 1.4
22 - 1.1 1.0
23 4.5 0.9 0.7
24 - 0.9 0.8
25 4.5 0.9 0.7
26 - 0.9 0.7
27 4.5 1.1 1.0
28 - 1.2 1.3
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Maximum harmonic current results

Hn
Limit [%] Measured (LED) [%] Measured (R) [%]
29 4.5 0.8 0.7
30 - 1.1 1.1
31 4.5 0.9 0.9
32 - 0.9 0.9
33 4.5 1.1 0.9
34 - 0.7 0.5
35 4.5 1.7 1.8
36 - 0.9 0.9
37 4.5 1.2 0.9
38 - 1.1 0.9
39 4.5 1.0 0.9
40 - 1.0 0.9
120
X
=100 - O Limitted (%)
5
@ 80 B Measured LED (%)
R=
é 60 ] Measured R (%)
é
E 40
=
5 20 -
p=
O —
4 5 6 7 8 9 10 11 12 13 14 15

Harmonics order

d' 4 a 4 = = v 9 = o w 4
HMNN 84 ﬂi%uﬁﬁﬁﬂ@uﬂﬁq\i@:ﬂiuﬂim 423 MeUnU 11HannINAIUNIULAEAIVAIINAGTS

M@ﬁﬂﬁ'@"ﬁJNWﬁjﬂl EN61000-3-2 class C



1 1 t:' 1 Y v tﬂ'
4.2.4 urasnegan D 1elinulaun A

Vae Variac

Supply D
0-230

/i 85 laezunsunmsnaaeansel 4.2.4

POWER 186

Lamp 4

25 29 33 I7¢ 41 45 49

S 9 13 17 21 25 29 33 37 41 45 49

RECALL 7] [ =]

(9) THDv N3AIANAIUNIY

= ' Vo ~ < A a J a
MUN 86 TAUITAUTHANG vm"11/11711mﬂu,waw1mmma%msNﬂsmﬁmuﬂammumﬂwuﬂ

TaToas 1A U995 AMITLAVLTIAUNTA 4.2.4

(R) THDi NINANUAIUNIY
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$ 7 A o o w P
M3 23 HaNINAdeUNIZUTATNRUNTgIga 1Y NIAI 4.2.4 MBUNUMIAIINANTZUA SIS

Yo HNFAINNIATIIU ENG1000-3-2 class C

Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
1 - 100 100
2 3 1.7 1.6
3 38.52 35.5 31.8
4 3 1.3 1.3
5 15 14.8 13.2
6 F 1.0 1.1
7 10.5 6.4 6.2
8 - 1.4 1.9
9 7.5 7.3 7.2
10 - 1.7 1.5
11 4.5 2.3 2.9
12 2 1.2 1.2
13 4.5 2.8 2.0
14 £ 1.0 1.0
15 4.5 1.7 1.8
16 < 1.1 1.3
17 4.5 1.1 1.0
18 3 1.6 1.7
19 4.5 1.5 1.3
20 - 1.4 1.3
21 4.5 1.5 1.2
22 - 1.1 1.2
23 4.5 1.5 1.1
24 - 1.6 1.3
25 4.5 1.1 1.4

26 - 1.2 1.2
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Maximum harmonic current results

Hn
Limit [%] Measured (LED) [%] Measured (R) [%]
27 4.5 1.0 0.9
28 - 1.2 0.9
29 4.5 1.5 1.1
30 - 1.3 1.3
31 4.5 1.8 1.7
32 - 1.8 1.8
33 4.5 1.2 1.2
34 - 14 14
35 4.5 1.5 14
36 - 1.8 1.1
37 4.5 1.6 14
38 - 1.0 0.8
39 4.5 14 1.0
40 - 0.9 0.8
120
= O Limitted (%)
= 100 -
E o B Measured LED (%) B
.g [l Measured R (%)
E 60 -
<
jas)
£ 40
E
§ 20
0
4 5 6 7 8 9 10 11 12 13 14 15

Harmonics order

Y s a o ~ o ' o w s
ﬂ"l‘Wﬁ 87 ﬂi&tﬁé’ﬂiﬂ@ﬂﬂﬁgi’q@iuﬂiﬁ 424 mﬁl”Uﬂ‘UTWﬁﬂﬂ?WNﬁWHﬂWHLLﬁ$ﬂ1%ﬂﬁ]1ﬂﬂ‘éﬂﬁ

weHNFAINIATIIU ENG1000-3-2 class C
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1 1 t:' 1 Y o ti'
4.2.5 unadiegan E 9glnnulaun A

Lamp 4

Wae Variac
| Supply E
0-230

NT 88 llﬂf)mlﬂﬁilﬂﬁﬂﬂﬁﬂﬁﬂiiﬁ 4.2.5

HARMOHICS
THD 1 4

378 5003 u=

30.3 mA

G JC JC P
74 928 ur

|
5 9 13 17 21 25 29 33 37 41 45 49 5 9 13 17 21 25 29 33 37 41 45 49
i RECALL M [5]

RECALL [T [ 6]

(9) THDi n59iltoada

(A1) THDv N3illoada

a ' A ~ [ A a o a
HMNN 89 TUTTDULHN VIN"I,W‘INWWﬂLMﬁW1fJLL‘]J‘]J’N‘1]’iLiEJ\‘Iﬂi%tlﬁl@]uﬂﬁu!mﬂﬂiﬂ%%uﬂ
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HARMOHNICS HARMOHICS

350"
3 | mA
81

(9) THDv N3AIANAIUNIY (R) THDi NINANUAIUNIY
4 .
HNN 89 (¢D)

M50 24 wamsnadeunszuass veindgagalunsdl 4.2.5 Meuiuadasiianszuaens

Yo HNFAINNIATIIU ENG1000-3-2 class C

Maximum harmonic current results

i Limit [%] Measured (LED) [%] Measured (R) [%]
1 - 100 100
2 3 1.1 1.0
3 38.52 36.0 34.1
4 = 1.1 0.9
5 15 14.3 13.8
6 = 0.9 0.8
7 10.5 7.7 7.8
8 - 1.0 1.0
9 7.5 6.8 7.0
10 = 1.2 1.2
11 4.5 2.1 2.0
12 - 0.8 0.8
13 4.5 2.5 2.5
14 - 1.2 1.1
15 4.5 1.5 1.6
16 - 0.9 0.8

17 4.5 1.2 1.1
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M5190 24 (99)

Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
18 - 1.5 1.5
19 4.5 1.2 1.1
20 A 0.7 0.7
21 4.5 0.9 0.9
22 I 1.0 0.9
23 4.5 1.7 1.8
24 F 1.2 1.1
25 4.5 0.8 0.9
26 - 1.2 1.0
27 4.5 1.2 1.0
28 - 1.2 1.3
29 4.5 1.0 1.1
30 2 0.9 0.8
31 4.5 0.8 0.6
32 £ 0.9 0.9
33 4.5 1.0 0.9
34 & 1.0 0.9
35 4.5 0.9 0.8
36 . 1.0 0.9
37 4.5 1.2 1.1
38 - 1.2 1.2
39 4.5 1.2 1.1

40 - 1.0 1.0
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120

X
S 00 O Limitted (%) -
5
% 80 - B Measured LED (%)|
2
g
% 60 - 0] Measured R (%)
jan)
£ 40
£
5 20 -
=

0 |

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Harmonics order

! s a < o 1A o w s a o
ﬂﬂ"l‘ﬁ 90 ﬂi%llﬁﬁWiN@uﬂﬁqqq@iuﬂiﬁ 4.2.5 l‘ﬁfJ‘lJﬂ“]JﬂWGUWUTﬂﬂﬂ'ﬁ%uﬁﬁﬂin@uﬂﬁﬁﬁ\l

1193914 EN61000-3-2 class C
AR A 1o 1 Y v '
4.3 ATUANEIN 3 UKWAN1Y A-E maiwmhmnﬂam A-E

1 1 d' 1 Y d'
43.1 uadnegan A 11 laun A

Vac Variac

Supply A Lamp A
0-250V

2N 91 laozunsumIinaaodnial 4.3.1

(M) UTIPY NTLUA LAZANUD @) faa i anlszneuside i

a ' vt = [ A a J a
MUN 92 TUTTAUSHN ‘VINVL‘V\I‘%ﬁliﬂlmﬂﬁmmmﬂ’f]\ﬁ]iliENﬂi3LLﬁL@1]ﬂﬂ‘Ll!L‘]J‘1J‘]Jiﬂﬁ]%uﬂ

TaToas WA U19935AUITEAVUTIAUNT 4.3.1
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HARMOHICS HARMOHICS
378x°"
359
74

(4) THDi N3alLoada

350:°
3 E.E mf
109

>

a n
1 5 9 13 17 21 25 29 33 37 41 45 49

RECALL M (13 ]

(3) THDv R38R NN UMY (R) THDi NIHANNAIUNIU
4 :
M 92 (70)

H 2] A < o o w P
M319N 25 wanInaaeUNIzudaTuelndgIgalunsal 4.3.1 MeunumMIAINANITZId eSS

M@ﬁﬂéﬁ?ﬂh?ﬁijﬂu EN61000-3-2 class C

Maximum harmonic current results

Q@ Limit [%] Measured (LED) [%)] Measured (R) [%]
1 - 100 100

2 3 0.9 0.8

3 38.52 35.6 33.8

4 - 0.7 0.7

5 15 14.9 14.2

6 - 0.9 0.8

7 10.5 7.3 7.3

8 - 1.1 1.0

9 7.5 7.5 7.3

10 - 1.1 0.9
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M519N 25 (919)

Maximum harmonic current results

fin Limit [%] Measured (LED) [%] Measured (R) [%]
11 4.5 2.2 2.2
12 - 0.9 0.7
13 4.5 2.2 2.2
14 & 1 1.1
15 4.5 1.7 1.6
16 S 0.8 0.8
17 4.5 1.6 1.7
18 o 0.7 0.7
19 4.5 1.4 1.3
20 - 1 0.8
21 4.5 1 0.9
22 = 1.1 1.0
23 4.5 1.1 1.1
24 2 0.9 0.9
25 4.5 0.9 0.9
26 - 1 0.9
27 4.5 1 1.1
28 - 0.9 0.9
29 4.5 0.9 0.8
30 - 1.2 1.2
31 4.5 0.8 0.8
32 - 1.3 1.2
33 4.5 1.4 1.3
34 - 0.6 0.7
35 4.5 1.7 1.6
36 - 0.7 0.5

37 4.5 1.1 1.1



M519N 25 (919)
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Maximum harmonic current results

Hn
Limit [%] Measured (LED) [%] Measured (R) [%]
38 - 0.8 0.8
39 4.5 1.3 1.2
40 - 0.9 0.9
120

100

O Limitted (%)

o]
S
|

B Measured LED (%)

] Measured R (%)

N
S
|

Maximum Harmonics level (%
oy
S
|

[\
S
|

6

o e W om0 e a

7 8 9 10 11 12 13 14 15
Harmonics order

~ ¢ A < a ~ o 1A o w s a
HINN 93 ﬂﬁzllﬁﬁ'liﬂ’f)uﬂﬁq\‘]q@cluﬂﬁm 4.3.1 (NIUNUAIUAINANTLUTIITUDUNTANTY

U1M331U4 EN61000-3-2 class C



1 1 d' 1 Y d' U 1 d‘ 1 Y d'
432 wiaanegan A 11819 Iaui A + unasiiegan B 91914 laun B

Supply A

Vac \ariac

0-250%

Lamp A

Supply B

2N 94 laozunsumInaaodnsal 4.3.2

POWER 186

Lamp B

HARMOHICS

5 9 13 17 21 25 29 33 37 41 45 49

13 17 21 25 29 33 37 <41 45 49

RECALL H =l

(20}

() THDv N52ILLOADA (4) THDi n3dlltoada

~ 1 o = I A a o a
MUN 95 AUTTDUTHN 141&11/\|1711mﬂ!maQi]WEJLLUU’Nﬁ]iL‘iENﬂimm’muﬂauu‘U‘UU‘iﬂﬂ%uﬂ

TaToas 1A U995 AMITLAUUTIAUNTL 4.3.2
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HARMOHICS HARMOHICS

380"
588
36

(3) THDv N3fIANAIUNIY (R) THDi NINANUAIUNIU
4 .
MWN 95 (70)

H s A < o o w P
M3197 26 wanInAARUNIZUTATVOUNTgIga TUNTal 4.3.2 MaUAUMIAIINANTZIA SIS

Mﬂﬁﬂﬁﬁ1hh1ﬁ§§1u EN61000-3-2 class C

Maximum harmonic current results

" Limit [%] Measured (LED) [%)] Measured ® [%]
1 - 100 100
2 3 0.3 0.2
3 38.52 30.6 30.0
4 = 0.3 0.3
5 15 19.5 18.4
6 = 0.3 0.2
7 10.5 5.9 5.6
8 - 0.3 0.1
9 7.5 6.8 6.5
10 = 0.2 0.2
11 4.5 2.2 2.0
12 - 0.2 0.2
13 4.5 2.1 2.0
14 - 0.3 0.3
15 4.5 1.1 1.0
16 - 0.2 0.2

17 4.5 0.8 0.8
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M3137 26 (919)

Maximum harmonic current results

o Limit [%] Measured (LED) [%)] Measured (R) [%]
18 - 0.2 0.2
19 4.5 0.9 0.8
20 A 0.2 0.2
21 4.5 0.6 0.6
22 I 0.2 0.2
23 4.5 0.6 0.4
24 F 0.2 0.1
25 4.5 0.4 0.4
26 - 0.3 0.2
27 4.5 0.3 0.3
28 - 0.3 0.2
29 4.5 0.2 0.2
30 2 0.3 0.2
31 4.5 0.2 0.2
32 £ 0.2 0.2
33 4.5 0.2 0.2
34 < 0.2 0.2
35 4.5 0.3 0.2
36 . 0.3 0.2
37 4.5 0.2 0.1
38 - 0.2 0.2
39 4.5 0.2 0.2

40 - 0.2 0.1
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= O Limitted (%)
T) ]00 ]
E B Measured LED (%)
2 80
g L] Measured R (%)
E 60
<
jan)
E 40 -
£
=
s 20
=

0 —

1 2 3 4 5 6 7 8 11 12 13 14 15
Harmonics order
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a s a < ~ - o 1A o o s a o
HINN 96 ﬂi&&ﬁ@ﬂiﬂﬂuﬂﬁq@q@iuﬂim 432 NYUNUAIUAIINANTLUTINTUDUNTA Y

11993711 EN61000-3-2 class C

T A J Y A A A J Y A
433 unasnegain A 91819 Iauin A + urassieyain B 91014 Iaui B +

A { 1 Y {
uraIegan C 91814 launc

Supply A Lamp A

Vi Wariac
Supply B Lamp B

0-250%
Supply C Lamp C

NN 97 11ﬂﬁ)$£!ﬂillﬂﬁﬂﬂﬁﬂﬁﬂifﬁ 433
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UOLTS 7 AMPS FHERTZ

cc D,U U= 14 CF

% . .4

900 me-

RECALL

(M) u3u nIzud uazanud @) Maed i anlsenouside i

HARMOHICS HARMOHICS
396"
895
1

386"
895 ma
36

>

5 89 13 17 21 25 29 33 37 41 45 49

RECALL ] [19 ]

(3) THDv N3SIANAIUNIY (R) THDi NINANUAIUNIU

a ' 1o = [ A a J a
MNN 98 TUTTDUTAN vm"MﬂwmmmmmmmmwmENﬂﬁzuammammumﬂwuﬂ

TaToas 1A U995 AITLAVUTIAUNTAL 4.3.3
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3 7 A o 1 o w P
M319N 27 wanInaaeUNIzudaTURNNdgIga IunIal 4.3.3 MaunUMIAINANIZIA S

Yo HNFAINNIATIIU ENG1000-3-2 class C

Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
1 - 100 100
2 3 0.7 0.5
3 38.52 373 359
4 - 0.7 0.7
5 15 18.2 17.1
6 F 1.0 0.9
7 10.5 6.4 6.2
8 - 0.5 0.5
9 7.5 7.2 7.0
10 - 0.5 0.6
11 4.5 33 32
12 2 1.0 0.9
13 4.5 2.3 2.1
14 £ 0.9 0.7
15 4.5 1.5 1.4
16 & 0.5 0.5
17 4.5 1.1 0.8
18 3 0.8 0.8
19 4.5 1.1 0.9
20 - 0.7 0.7
21 4.5 1.1 1.1
22 - 0.7 0.7
23 4.5 0.9 0.8
24 - 04 0.5
25 4.5 0.6 0.5

26 - 1.0 0.8
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M3191 27 (919)

Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
27 4.5 1.0 0.9
28 - 0.5 0.4
29 4.5 0.7 0.7
30 - 0.6 0.7
31 4.5 0.6 0.6
32 3 0.6 0.4
33 4.5 0.8 0.7
34 3 0.7 0.7
35 4.5 1.3 0.4
36 - 1.0 0.8
37 4.5 0.8 0.8
38 5 0.8 0.8
39 4.5 11,2 0.5

40 = 0.7 0.8
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B Measured LED (%)|

0] Measured R (%)

Maximum Harmonics level (%)
N
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|
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Harmonics order
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d’ J a J ~ ~ @ 1 A o w 4 a J
NNH 99 ﬂi%uﬁﬁﬁu@uﬂﬁgﬂﬁﬂiuﬂﬁm 433 NYUNUAUAINANTSUTIITUDUNTAY

U13371U EN61000-3-2 class C

1 1 ~ 1 Y A 1 U A 1 Y ~
43.4 uvasregan A neldlauil A + uvasareyan B 91eld laun B

A ~ v Y A A ~ U Y A
+unasieyai ¢ 1eld landi C + unasiieyai D 91811 Iaui D

Supply A

Vac Variac

0-250

Supply B

Lamp A

Supply C

Lamp B

WA 100 laozunsumsnaaeinsal 434

Supgply I

Lamp

Lamp DD
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POWER 186

UOLTS 7 AMPS 7HERTZ

cc D,U U= 14 CF

24 CF

1154 ma-

. 200mA

RECALL
(M) u3u nIzua uazanud @) ae i anlsenousidelnih

HARMOHICS

HARMOHNICS

' |
9 13 17 21 25 29 33 37 <41 45 49

5 89 13 17 21 25 29 33 37 41 45 49
i RECALL H _a

(4) THDi n3dlltoada

HARMOHICS
410%"° 3 o
. 5000 =
1144.a 1105 nn
40 962 %r
-]

4/r

1 5 9 13 17 21 25 29 33 37 41 45 49

5 9 13 17 21 25 29 33 37 41 <45 <49
i RECALL M -

RECALL 7]

(®) THDi NIAANUAIUNIY

(9) THDv N3AIANAIUNIY

H 1 o I 4 a J a
fﬂ‘l/‘lﬁ 101 FUITTIDUTHAN TINhh/\lﬂ”Ifl]Tﬂ!,Wif;N%”IEJ!HJ‘]_I’Nﬁ]ﬁ!EENﬂﬁ$Llﬁlﬁuﬂﬁullﬂﬁﬂiﬂ%%u@]

TaToas i U199 SNEITEAUUTIAUN T 4.3 4
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3 7 A o 1 o w P
M3197 28 wanInAARUNITUTATURUNTGIga IUNIAl 4.3.4 MaUNUMIAINANTZUA SIS

Yo HNFAINNIATIIU ENG1000-3-2 class C

Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
1 - 100 100
2 3 0.4 0.2
3 38.52 39.5 37.6
4 - 0.2 0.2
5 15 21.6 20.2
6 F 0.3 0.2
7 10.5 5.8 5.5
8 - 0.2 0.2
9 7.5 7.8 7.7
10 - 0.5 0.6
11 4.5 33 3.1
12 2 0.2 0.2
13 4.5 2.0 1.9
14 £ 0.3 0.4
15 4.5 1.5 1.5
16 < 0.2 0.2
17 4.5 0.6 0.4
18 3 0.4 0.5
19 4.5 1.0 0.6
20 - 0.4 0.3
21 4.5 0.7 0.5
22 - 0.6 0.6
23 4.5 0.7 0.5
24 - 04 0.5
25 4.5 0.5 0.5
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M3137 28 (919)

Maximum harmonic current results

o Limit [%] Measured (LED) [%] Measured (R) [%]
27 4.5 0.5 0.5
28 - 0.2 0.2
29 4.5 0.2 0.2
30 - 0.6 0.4
31 4.5 0.3 0.2
32 3 0.4 0.3
33 4.5 0.2 0.2
34 3 0.2 0.2
35 4.5 0.5 0.4
36 - 0.3 0.3
37 4.5 0.4 0.3
38 5 0.3 0.3
39 4.5 0.3 0.3

40 = 0.3 0.3
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120

—_

[

S
|

O Limitted (%)

o]
S
|

B Measured LED )|

] Measured R (%)

N
]
|

[\
(=]
|

Maximum Harmonics level (%
(@)
<
|

o Mo BN o | 1 R SCHR. S, T

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Harmonics order

a s a g ~ - o 1A o ¢ a2
HNINN 102 ﬂ‘imtﬁ@ﬂiiﬁ]uﬂﬁq@’q@iuﬂﬁm 43.4 NIUNUAIVAINANITZLUTIITUDUNTATY

11993711 EN61000-3-2 class C
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1 1 d' 1 Y d' U 1 d' 1 Y d' 1 1
43.5 unae1egan A 91819 Iaui A + 1riaa9ieyai B 918197 Iaui B+ unadnig

A Y A T A 1 Y A o A 1 Y A
%A C 11811 1ANNC + uriaanigyan D 1eglv Iaui D + uradniegain E 91e1v lauin E

Lamp A

Lump B

Lamp C

Lamp I}

Supply A

Supply B

Vi Varioe Supply ©
0250 )

Supply D

Supply E

Lamp E

i 103 laezunsumsnaaeansal 4.3.5

()] UTIAU NTZUE LAZAND

@) faa it anlszaeuiiaelvih

H 1 o I 4 a J a
anﬁ 104 FUITTOUTAN VIN11/\]171ﬁl”IﬂLWiaQfl]TEJ!,HJ‘]J'N’l]3!3ENﬂi$LLZ‘TL@]3Jﬂ§1!LL‘]J‘]J‘]J§ﬂ%GHu@1

TaToas U199 S NEITEAUUTIAUNT 4.3.5



119

HARMOHICS HARMOHICS

(4) THDi n3dlltoada

412°
1423 wa
41

4|r

1 5 9 13 17 21 25 29 33 37 41 45 49

RECALL M (13 ]

(3) THDv N3fiANAIUNIY (R) THDi NINANUAIUNIY
4 .
MNN 104 (919)

M5190 29 wamsnaaeunszuaesvetindgegalunsdl 43.5 Meviuadasianszuaes

Yo HNFAINNIATIIU ENG1000-3-2 class C

Maximum harmonic current results

Hn Limit [%] Measured (LED) [%] Measured (R) [%]
1 - 100 100
2 3 0.3 0.3
3 38.52 40.4 39.6
4 - 0.4 0.4
5 15 20.5 19.8
6 - 0.3 0.3
7 10.5 6.1 6.0
8 - 0.4 0.4
9 7.5 7.5 7.3

10 - 0.5 0.5
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M3191 29 (99)

Maximum harmonic current results

fn Limit [%] Measured (LED) [%)] Measured (R) [%]
11 4.5 2.8 2.8
12 - 0.3 0.3
13 4.5 2.1 2.0
14 = 0.2 0.2
15 4.5 1.6 1.6
16 3 0.3 0.2
17 4.5 0.8 0.7
18 = 0.3 0.7
19 4.5 1.1 0.7
20 - 0.4 0.3
21 4.5 0.5 0.3
22 S 0.3 0.3
23 4.5 0.6 0.5
24 3 0.2 0.2
25 4.5 0.4 0.2
26 - 0.3 0.3
27 4.5 0.6 0.5
28 - 0.3 0.3
29 4.5 0.4 0.4
30 - 0.5 0.4
31 4.5 0.5 0.5
32 - 0.3 0.3
33 4.5 0.4 0.5
34 - 0.4 0.3
35 4.5 0.4 0.4
36 - 0.4 0.3

37 4.5 0.2 0.3



M31391 29 (99)
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Maximum harmonic current results

Hn
Limit [%] Measured (LED) [%)] Measured (R) [%]
38 - 0.2 0.2
39 4.5 04 0.3
40 - 0.3 0.3
120

=
3 100 O Limitted (%)
[}
38 80 B Measured LED (%)~
=]
o
g 60 ] Measured R (%)
jas)
E 40 -
E
§ 20 H

0 —

4 5 6 7 8 9 10
Harmonics order

11 12 13 14 15

d‘ g a g ~ ~ @ = - - 4 a 4
MNN 105 ﬂizuﬁaﬁmuﬂaqqqﬂlumm 4.3.5 MNIUNUMUAINNANTEUTINTUDUNTATY

11993711 EN61000-3-2 class C



AR ~ L] 1 Yo 4 I
4.4 AIUANEIN 4 LIV A31Y F fl]']flalﬁﬂ‘]JTﬂﬂJﬂTJullﬁVl A-E

4.4.1 u¥a9918 F91elay A

Vae Variac

Supply F
0-230%

NN 106 Ulﬂ@mlﬂiﬂﬂﬁﬂﬂﬂ@ﬁﬂifﬁ 4.4.1

POWER 18

Lamp A

T

21cF B6B3 na-

~A00ma

RECALL K @B T RECALL

(M) 139U nIzua uazanud ) fae i anlsenouside i

301 =*°
B55na
48

>

S 9 13 17 21 25 29 33 37 41 45 49 S 9 13 17 21 25 29 33 37 <41 4% 49

RECALL M [a] i RECALL

(A7) THDv N3 aliloada (9) THDi n59iltoada
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H 1 o 3 4 a J a
ﬂTWﬁ 107 FUITTOULHAN °I/INll‘l/\lﬁWﬂWﬂlL‘HaQﬂWEJL!‘]Jll'Nﬂ3GENﬂ'i$LLﬁLﬂ‘JJﬂ§‘L!!L1J‘]J‘1J§WDG]5u@

TaToas U993 SNEITEAVUTIAUNT 4.4.1
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HARMOHICS HARMOHICS
c 94"
BB 3.
46

-I3 17 21 25 29 3F 37 41 45 49

RECALL [ 1]

(3) THDv N3fIANAIUNIY (R) THDi NINANUAIUNIY
4 .
NN 107 (919)

M523 30 wamsnaaeuNszudaIsNelndgegalunsdl 4.4.1 iMeuiuadasianszuaes

mﬁnﬁmummgm EN61000-3-2 class C

Maximum harmonic current results

fn Limit [%] Measured (LED) [%)] Measured (R) [%)]
1 - 100 100
2 3 0.9 0.9
3 38.52 21.5 20.6
4 = 0.5 0.6
5 15 20.6 20.2
6 ~ 0.6 0.5
7 10.5 5.8 6.5
8 - 0.4 0.7
9 7.5 4.6 43
10 - 0.9 0.4
11 4.5 4.6 3.9
12 - 0.6 0.6
13 4.5 2.6 3.1
14 _ 0.4 0.6
15 4.5 1.9 2.0
16 - 0.5 0.8

17 4.5 1.7 1.8
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M3137 30 (919)

Maximum harmonic current results

fn Limit [%] Measured (LED) [%)] Measured (R) [%]
18 - 0.8 0.6
19 4.5 1.4 1.3
20 - 0.7 0.7
21 4.5 0.8 1.1
22 S 0.7 0.5
23 4.5 0.8 0.9
24 2 0.5 0.6
25 4.5 0.8 0.7
26 - 0.6 0.4
27 4.5 0.5 0.7
28 - 0.8 0.5
29 4.5 0.6 0.8
30 o} 0.6 0.6
31 4.5 0.7 0.5
32 % 0.7 0.6
33 4.5 0.7 0.7
34 e 0.5 0.7
35 4.5 0.9 0.7
36 3 0.6 0.5
37 4.5 0.6 0.4
38 - 0.5 0.7
39 4.5 0.7 0.5

40 - 0.5 0.6
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Harmonics order

‘ 0 _Bn _en o me e

13

a s a2 ~
HNINN 108 ﬂigllﬁﬁTﬂJfJuﬂﬁqx‘ifjﬂGlUfﬁm

11913914 EN61000-3-2 class C

442 1¥ad91e F 918 1Ay A+B

Wariac
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@ 1 o w 4 a J
4.4.1 MeUNUMUATINANTZUFIITUDUNTAY

Lamp A

(2500

2N 109 laszuniuminaaeenial 4.4.2

Supply I

Lamp B
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B25Sma-

n
13 17 21 25 29 33 37 <41 45 49

RECALL 7]

(4) THDi n3alltoada

HARMOHICS

a3g:ae°
il = T="
48

>

S 9 13 17 21 25 29 3F 37 <41 45 49

[
5 9 13 17 21 25 29 33 57 41 45 49

RECALL [ RECALL [ =R

(3) THDv R38R NN UMY (R) THDi NIAANNATUNIU

H 1 o ] 4 a J a
ﬂ'l‘Wﬁ 110 FUITTDUTHANY VINll’l/\lﬁ1%']ﬂllﬂ’GNﬂ1fJLL1J‘]J’Nﬁ]3!EfNﬂﬁleﬁmuﬂauu‘ﬂ‘ﬂ‘ﬂﬁﬂfﬂ%uﬂ

TaToas WA U19935AUITEAVUTIAUNT 4.4.2

M50 31 wanmsnadeunszuass vetndgagalunsdl 4.4.2 Mevfumdaditanszuaes

Yo HNFAINNIATIIU ENG1000-3-2 class C

Maximum harmonic current results
Hn

Limit [%] Measured (LED) [%] Measured (R) [%]

100 100

0.3 0.7

126
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M3197 31 (919)

Maximum harmonic current results

fn Limit [%] Measured (LED) [%)] Measured (R) [%]
3 38.52 273 24.4
4 - 0.4 0.5
5 15 25.0 23.6
6 & 0.4 0.6
7 10.5 7.3 7.0
8 3 0.4 0.6
9 7.5 6.0 54
10 3 0.2 0.4
11 4.5 5.9 5.4
12 - 0.4 0.6
13 4.5 2.8 3.0
14 S 0.2 0.4
15 4.5 2.3 1.8
16 3 0.2 0.5
17 4.5 2.0 2.0
18 - 0.4 0.5
19 4.5 0.9 1.3
20 - 0.4 0.6
21 4.5 0.7 0.9
22 - 0.4 0.5
23 4.5 0.5 0.8
24 - 04 0.5
25 4.5 0.5 0.5
26 - 0.3 0.4
27 4.5 0.7 0.7
28 - 0.4 0.5

29 4.5 0.7 0.5
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M3197 31 (919)

Maximum harmonic current results

fn Limit [%] Measured (LED) [%)] Measured (R) [%]
30 - 0.4 0.5
31 4.5 0.4 0.4
32 - 0.4 0.3
33 4.5 0.6 0.7
34 - 0.4 0.5
35 4.5 0.4 0.5
36 2 0.5 0.5
37 4.5 0.5 0.8
38 - 0.3 0.6
39 4.5 0.5 0.6
40 ; 0.4 0.8

120 O Limitted (%)

100 B Measured LED (%)

80 L] Measured R (%)

Maximum Harmonics level (%
N oy
=) S
\ \

[\
(=]
|

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Harmonics order

d‘ J a g ~ ~ @ 1 A o w 4 a s
NN 111 ﬂi&tlﬁ@1iu®ﬂﬂﬁgﬁq’ﬂlﬂﬂim 442 INYUNUMUAINNANTEUTINTUDUNTATY

11999714 EN61000-3-2 class C



4.4.3 1149918 F 918 1A A+B+C

Lamp A
Vae Wariac
Supply F Lamp B
=250V \
Lamp C

i 112 laezunsumsnaaoansel 443

UOLTS 7 AMPS FHERTZ

cc D, U= 14CF

T

925 ma-

200mA

38c ="
91,7 0n
49

»

5 9 13 17 21 25 29 33 37 41 45 49

n
S5 9 13 17 21 25 29 33 37 41 45 49

RECALL H (12 ]

IS aA
f) THDv NT0ULDADA

RECALL M [11]

(4) THDi n3dlltoada
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(9) THDv N3fIANAIUNIY

MNN 113 (719)

RECALL [ ] | 5 ]

(R) THDi NINANUAIUNIY
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M3197 32 WansnadeunszuaaINoUndgIgalunIal 4.4.3 MaunUMIAINANTZIA SIS

uaﬁﬂﬁ@mmmgm EN61000-3-2 class C

Maximum harmonic current results

fin Limit [%] Measured (LED) [%] Measured (R) [%]
1 - 100 100
2 3 0.9 3.0
3 38.52 30.8 30.0
4 8 0.5 0.4
5 15 24.6 24.4
6 y 0.4 0.3
7 10.5 6.9 0.6
8 - 0.5 0.4
9 7.5 6.9 0.7
10 - 0.3 0.3
11 4.5 5.6 54
12 - 0.4 0.3
13 4.5 2.5 2.4
14 - 0.4 0.3
15 4.5 2.7 2.3
16 - 0.6 0.3
17 4.5 1.6 1.7
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M3191 32 (919)

Maximum harmonic current results

fn Limit [%] Measured (LED) [%)] Measured (R) [%]
18 - 0.5 0.3
19 4.5 1.0 0.8
20 - 0.5 0.3
21 4.5 1.2 1.0
22 5 0.4 0.4
23 4.5 0.5 0.8
24 ; 0.4 0.3
25 4.5 0.8 0.7
33 4.5 0.4 0.5
34 ; 0.4 0.4
35 4.5 0.4 0.3
36 S 0.4 0.3
37 4.5 0.4 0.5
38 3 0.5 0.3
39 4.5 0.5 0.5

40 7 0.5 0.3
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100
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40
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Maximum Harmonics level (%
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Harmonics order

O Limitted (%)
B Measured LED (%)

] Measured R (%)

11 12 13 14 15
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Lomp B
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Lamp [
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RECALL 7] [15]

(4) THDi n3alltoada
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n
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RECALL H [16 ]

(9) THDv N3AIANAIUNIY

RECALL H 7]

(R) THDi NINANUAIUNIY
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3 P A ¢ o o w P
M3197 33 WanmsnadeunszuaaINoUNdgIgalunIal 4.4.4 MeUNUMIAINANTZUA SIS

Yo HNFAINNIATIIU ENG1000-3-2 class C

Maximum harmonic current results

fn Limit [%] Measured (LED) [%)] Measured (R) [%)]
1 - 100 100
2 3 0.8 0.7
3 38.52 324 30.7
4 - 0.4 0.3
5 15 24.8 24.4
6 2 0.4 0.3
7 10.5 6.7 6.4
8 - 0.3 0.3
9 7.5 6.9 6.7
10 - 0.4 0.3
11 4.5 5.6 5.5
12 o} 0.4 0.3
13 4.5 2.2 2.1
14 & 0.4 0.4
15 4.5 2.3 2.3
16 e 0.2 0.3
17 4.5 1.6 1.5
18 3 0.4 0.4
19 4.5 0.9 0.7
20 - 0.4 0.3
21 4.5 0.8 1.0
22 - 0.4 0.4
23 4.5 0.6 0.6
24 _ 0.4 0.2
25 4.5 0.7 0.6

26 - 0.4 0.2



M3131 33 (919)
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Maximum harmonic current results

fn Limit [%] Measured (LED) [%)] Measured (R) [%]
27 4.5 0.7 0.7
28 - 04 0.3
29 4.5 0.6 0.6
30 = 04 0.3
31 4.5 0.5 0.5
32 > 04 0.1
33 4.5 04 0.3
34 = 0.3 0.3
35 4.5 0.5 0.5
36 - 0.3 0.3
37 4.5 0.4 0.5
38 S 0.3 0.3
39 4.5 0.4 04
40 - 0.4 0.4
120
% 100 O Limitted (%)
jz » B Measured LED (%)
£ 0
§ " L] Measured R (%)
é 20
0 Jfﬁ]ﬁmﬁmﬁﬂnﬁ
4 5 6 7 8 9 10 11 12 13 14 15
Harmonics order
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MANN 117 ﬂi%LLﬁ%I”Ii?J@HﬂﬁQQﬁﬂcluﬂim 444 MIUNUMUANNANTSUTINITUDIUNTAY
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HARMOHICS
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(9) THDv N3AIANAIUNIY

MNN 119 (919)

RECALL [ ] ER

(R) THDi NINANUAIUNIY
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3 P L G o 1 o w P
M3191 34 HANMINATOUNTZHA BT NOUNAIgATUNTAl 4.4.5 MBUNUMIAIINANTZUA SIS

Yo HUNFAINNIATIIU ENG1000-3-2 class C

Maximum harmonic current results

fn Limit [%] Measured (LED) [%)] Measured (R) [%]
1 - 100 100
2 3 3 1.0
3 38.52 36.3 353
4 - 1.5 0.5
5 15 26.3 23.7
6 - 0.3 0.3
7 10.5 6.6 0.6
8 - 0.7 0.4
9 7.5 7.4 7.6
10 - 0.5 0.2
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M3197 34 (919)

Maximum harmonic current results

Hn Limit [%] Measured (LED) [%] Measured (R) [%]
11 4.5 5.2 4.9
12 - 0.5 0.3
13 4.5 1.8 2.3
14 = 0.5 0.5
15 4.5 1.9 2.5
16 o 0.5 0.3
17 4.5 1.4 1.4
18 = 0.5 0.4
19 4.5 1.1 1.2
20 - 0.4 0.4
21 4.5 1.2 0.9
22 S 0.3 0.5
23 4.5 1 0.9
24 3 0.5 0.3
25 4.5 0.7 0.7
26 - 0.4 0.4
27 4.5 0.3 0.6
28 - 0.3 0.3
29 4.5 0.6 0.5
30 - 0.3 0.3
31 4.5 04 0.5
32 - 0.5 04
33 4.5 0.3 0.4
34 - 0.5 0.3
35 4.5 0.5 0.3
36 - 0.4 0.5

37 4.5 0.5 0.6
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Maximum harmonic current results

Hn
Limit [%] Measured (LED) [%)] Measured (R) [%]
38 - 0.5 0.6
39 4.5 0.6 0.3
40 - 0.7 0.5
120

100

[e2e]
(e}

Maximum harmonics level (%
N o
S <

[\
(=}

(=}

O Limitted (%)

B Measured LED )|

] Measured R (%)

W e e e

4 5 6 7 8 9 10 11 12 13 14 15
Harmonics order
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11939314 EN61000-3-2 class C
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HARMOHICS

189"
1356
172

() THDv
= '
MNN 122 (70)

M919d 35 amsnageUnszUasIsUeiindgegalunsdl 5.1 Weutumdaditanszuaasue

1ndA1uuInT 31U EN61000-3-2 class C

Maximum harmonic current results

Hn Limit [%] Measured (LED) [%)]
1 5 100
2 3 0.0
3 38.52 7.3
4 - 0.0
5 15 11.8
6 = 0.1
7 10.5 8.4
8 - 0.0
9 7.5 2.0
10 - 0.1
11 4.5 1.6
12 - 0.1
13 4.5 2.3
14 - 0.1
15 4.5 1.8
16 - 0.1

17 4.5 0.6
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Maximum harmonic current results

Hn Limit [%] Measured (LED) [%)]
18 - 0.2
19 4.5 2.2
20 - 0.2
21 4.5 1.6
22 = 0.8
23 4.5 0.8
24 & 0.9
25 45 1.4
26 c 0.5
27 4.5 1.2
28 S 0.9
29 4.5 0.8
30 = 0.3
31 4.5 1.7
32 - 0.3
33 4.5 2.3
34 = 0.3
35 4.5 1.2
36 - 0.2
37 4.5 2.6
38 - 0.2
39 4.5 1.4
40 - 0.1
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— Lamp &

— Lamp i
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=250

Filkzr

Supphy b

Lamp &

i 124 laezuniunsnaaeenial 5.2

— Lamp [
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RECALL M [20] RECALL M [19 ]

(1) THDv () THDi

H 1 o 1< 4 a Jd a
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1nda LRI EN61000-3-2 class C

Maximum harmonic current results

Hn Limit [%] Measured (LED) [%)]
1 r 100

2 3 0.0

3 38.52 3.9

4 - 0.0

5 15 8.8

6 - 0.1

7 10.5 9.3

8 - 0.0

9 7.5 1.2
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Maximum harmonic current results

Hn Limit [%] Measured (LED) [%)]
10 - 0.0
11 4.5 0.5
12 - 0.1
13 4.5 2.3
14 = 0.0
15 4.5 2.4
16 5 0.1
17 4.5 0.3
18 s 0.1
19 4.5 2.3
20 S 0.2
21 4.5 1.5
22 > 0.5
23 4.5 1.2
24 = 0.8
25 4.5 1.9
26 = 0.7
27 4.5 1.6
28 - 1.0
29 4.5 0.4
30 - 0.2
31 4.5 1.9
32 - 0.2
33 4.5 0.9
34 - 0.2
35 4.5 1.6
36 - 0.2
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Maximum harmonic current results

Hn Limit [%] Measured (LED) [%)]
37 4.5 1.1
38 - 0.1
39 4.5 0.7
40 - 0.2
120 0 Limitted (%) ]
°§ 100 7 B Measured LED with R-C filier| |
=80
£ 60 -
5 40 - -
g
S 20
=
04 = = I—i W
I I I I I
2 3 4 5 6 7 8 9 10 11 12 13 14 15
HarmonicS order

d' J a J ~ = @ 1 A o w J a J
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DREAMLAND
Technical data sheet
4.8mm straw hat-shaped LED http://www yuanlei-led.com
YL-P4813W-CW-AC-02
Features:
e Popular T-1 colorless Smm package:
e High luminous power;
e The product itself will remain within ROHS compliant version;
e Industrial standard footprint;
e Choice of various viewing angles and color;
Discription:
e LED lamp type:4.8mm strawhat shaped;
e Color:white;
e View angle:various degree;
e Applications:fluorescent lamp,
e UV resistang,no infrare.long life and save energy:
Dimensional drawing:
S.80 1.5 EOUTYPW
4.80 T 'Y BA 2,04
| Emey = 1N EEAE SR\
’, Sﬁiasowm% N
All dimensions are in millimeter
Tolerance is £0.25mm(0.10")unless otherwise noted
Shape Specification:
No. | ITEM SPEC OR DESCRIPTION
¢ No change color
¢ No Disrepair
Lens .
1 # Scratch ( length <2.0mm, Width<0.25mm )
¢ macula (<0.25mm and <2EA in Encapsulation reverse )
¢ bubble (<0.3mm and <2EA Encapsulation reverse )
¢ No bottom crook
PIN Sy
2 + No oxidation
+ No electropolar reverse )
. Configuration ¢ No Encapsulation reverse
3
¢ No PIN loosen
Lens color
4 * Water Clear

MWHWINT 9 Fo3as UNIZUDUOADAYIA 4.8 mm straw hat — shaped LED
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DREAMLAND

Technical data sheet
4.8mm straw hat—shaped LED http://www.ynanlei-led.com

Opto-Electronical Characteristics:

40 40
30 30
N
20 20 \
N,
10 10
0 0
2.8 3.0 32 3.4 36 20 40 &0 80
Forward Current vs. Forward Voltage Maximum Forward Current vs. Ambient Temperature

Lighting Angle

Absolute maximum ratings:

Parameter Symbol Value Unit
Forward Current If 20 mA
Reverse Voltage Vi 5 A%
Operating Temperature Topr -25~+85 (@
Storage Temperature Tstg -35~+85 (@
Soldering temperature Tsol 260+=5C (fordsec) T
Power Dissipation Pd 60 mwW
Pulse Current I 100 mA

MNHUINN 9 (71D)
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DREAMLAND

Technical data sheet
4.8mm straw hat-shaped LED

http://www .yuanlei-led.com

Opto-Electronical Specification:

Parameter Symbol Min Typ Max Unit Tolerance | Test Conditinos
Forward Voltage VE 2.80 - 3.60 v +£0.05V
Luminous Intensity v 1000 . . Higd B0 iricd
Color Temperature TC 5500 - 7000 k =100k If forward current
. o 10 =20mA
- - < - - o f’ =3 = 5
Chromatic current Test Temperature
Y - = == / =0.005 =25¢
Luminous Flux D 50 . . It oo 401 Lm
Lighting Angle 0 115 120 125 deg | 42
Reverse Current IR e - 10 HA 0.1uA V=5V
Opto-Electronical Grading Specification:
Chromatic current
Forward Voltage | Luminous Intensity | Color Temperature Test Conditinos
X Y
28-30v 5500-6000 k
30-32v 6000-6500 k IF forward
current=20mA
32-34v 6500-7000 k Test Temperature=25C
34-3.6v
Reliability Test Items:
No. Item Condition Tune/Cycle Number of
1. [Soldering Heat Test 26045 °C 10 sec 0/60
2 [Thermal Shock 0°C (15sec) ~ 100 oC(15sec) 20 cycle 0/60
3 High Temp. Storage 100°C 1000Hrs 0/60
4 |Low Temp. Storage -40 °C 1000Hrs 0/60
5 [Temperature Cyele Test -40°C ~ 80°C 100 Cycles, 200 Hrs 0/60
6 [High Temp. High Humidity Test 60 °C. 90 % RH 1000 Hrs 0/60

MNHUINN 9 (71D)



DREAMLAND

Technical data sheet
4.8mm straw hat—shaped LED http://www.yuanler-led.com
7 [Operation Life Test 1 Room Temp., 20mA 1000 Hrs 0/60
g [Operation Life Test 2 Room Temp.. 30mA 500 Hrs 0/60
o [High Temp. Operation Life Test 859C _ SmA 1000 Hrs 0/60
10 [JLow Temp. Operation Life Test -30°C . 20mA 1000 Hrs 0/60

Judgment Criteria:

hll‘m Svmbol Test Conditions Judgment Criteria
Forward Voltage Vi Iy = 20 mA A% < 10 %
Leakage Current Ir Vi=5V < 10uA
Luminous Intensity Iv Iz = 20 mA A <20 %
ILuminous Flux Im I =20 mA A%<20 %

Caution:

i

may fail

also should make effective ground.

should keep 1.6nun distance at least

6+ It's unsuitable for ewrewmnfluence soldermg

pin should been shaped before soldering..

2 - The LED should be soldered within 48 hours ( 2 days ) after opening the package.

3 » The LAMP LED 1s an ESD sensitive device. All the equipment and macline must be

within 3 second, welding position and lens should keep 1.6mm distance at least

1 - After open the package, the LED should be kept at 25°C, 65 % RH environment or less.

properly grounded.

4 ~ when make use of it,please use static-free container,operator showld ware antistatic clothes and rope-satic-ring

~ Damaged device will appear some symptoms,lower forward voltage lugher leak current,or even short curcut.

7 - ferrochrominm soldering :power keep no more than 40W.tip temperature should not pass 280 °C soldering time

8 + wave-soldering: temperature should not pass 265 °C, soldering time within 5 second, welding position and lens

9 - After soldering the LED should keep out off any shake or onter force before it come to normal tempreture.

10 - when shaped pin should used tong or by professional staff keep 2mm at least between lens and bend pin, the

11 - the pm can’t  not be press m lugh temperature, cut pm in room temperature because in lugh temperature LED

MNHUINN 9 (71D)
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DREAMLAND

Technical data sheet
4.8mm straw hat-shaped LED

http://www.ynanlei-led.com

12 ~ after shape ,pin space should keep in line with the PCB board space

13 ~ LED is one-way continuity, please check electrode before mount, if amount wrong .the LED chip will damage

or fail when LED applied voltage

14 ~ ordinary our LED the long pin is anode .shot pin is cathode, lens without gap is anode .with gap is

cathode.unless other special require and note

15 ~ please design the PCB board to keep a distance between LED and other emit heat component

16 - strongly recommend design the board according setting current other than setting voltage .if you are really need

setting voltage type please consider there may cause influence arise by difference voltage of difference LED.

17 ~ the outer voltage change will bring the current index change .unsuitable design and current control.easy cause

LED fail .for example excess current will cause LED life short or even burm down , too little electricity will

cause lacking light.

18 ~ If you need make difference BIN LED in the one module .please confirm whether it can meet the electric and

optics characteristic require such as the current balance, emitting and brightness consistency.

MNEUINN 9 (51D)
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Features
 Spectral Sensitivity close to CIE photo pic Curve

« Cosine Angular corrected

« Analog output jack for recording (TES-1332A/1334A)
 Data Hold function,

 Peak Hold function for 1334

TES-1330/1332 /1334 Light Meters

Specification
Display 3ladigit LCD
20/200/2000/20000 Lux (1330, 1334)
Range 200/2000/20000/200000 Lux (1332)
Footcandle (1334)
Resolution 0.01 Lux (1330, 1334}, 0.1 Lux (1332)
Accuracy + 3%rdg + 5% f.5. (<10.000 Lux)
+ 4%rdg + 10% f.s. (>10.000 Lux)
Repeatability +2%
Temperature +0.1%
Characteristics
Sampling rate 2 times | sec
Analog output DC/ 2V [ full scale (1332)
Operation 0°C -40°C <70% R H.
Power source 9V battery
Accessories Battery, carrying case

Dimensions / weight 135 %72 x 33 mm / 250g

GLOBAL FOCUS Ltd.
1119 Budapest, Etele str. 59-61.
Hungary

Fax: +36 1203-4355
E-mail: gmark@mta.mmsz.hu

Tel: +36 1481-1233, +36 1 481-1231, +36 1 481-1161, +36 1 481-1162

Y o v Ia 4
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EUROPEAN POWER SUPPLY MANUFACTURERS ASSOCIATION
(Visit the EPSMA website at www.epsia.org)

Harmonic Current Emissions

Guidelines to
the standard EN 61000-3-2

Revision Date: 2004-09-06

page

1. Introduction 2
2, Summary 2
Scope 2

3.1  Application 2
3.2 Transitional periods 2
3.3 Differences between the standards EN 60555-2 and EN 61000-3-2. 3
4. Application guidelines 3
Flow chart (Figure 1) 4

5. Classification 5
6. Amendments / New Editions 5
7. Harmonic line current reduction techniques 5
7.1 Comparison without / with harmonic line current reduction 6
7.2 Advantages / disadvantages 6

The Ewropean Power Supply Manufacturers Association was established i 1995, to represent the European
power supply mdustry.

Pagel Edition September 2004

Disclaimer: No responsibility or liability can be accepred by the EPSMA or any of its officers or members for the content of this guidance
document, which does not necessarily gnarantee compliance with the requirements of the legislation. Parties will need to satisfy themselves
as to the steps 1o be raken to ensure compliance with legislative requirements and the advice contained herein should not be used as a
substitute for taking appropriate advice.

MNHUINA 11 Guidelines to the standard EN61000-3-2
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1. Introduction

Increasing use of electronic devices in daily life has greatly increased the stress caused by harmonic currents on
low-voltage alternating-curent public mains networks. To maintain the quality of these networks, European
Standard EN 60555-2 was created to set levels for harmonic currents injected by loads back on to the network.
There has, however, been much discussion about equipment classes and limits to apply to electronic equipment
m general and equipiment power supplies i particular. EN 60555-2 has recently been superseded by

EN 61000-3-2 which sets some more practical rules and provides a clearer definition of equipment classes.

This document is issued by the European Power Supply Manufacturers Association (EPSMA) and aims to
mmprove the understanding of harmonic line current reduction and the requirements and implication of the
standard EN 61000-3-2.

2. Summary

As of 2001-01-01 all electrical and electronic equipment that is connected to the public mains up to and
mcluding 16A max. rated mnput current must comply with EN 61000-3-2. Passive and active harmonic line
current reduction solutions can be used to fulfil the limits of the standard which greatly influences the design of
all power supplies.

EN 61000-3-2 1s part of the Ewropean 'EMC-directive’, wliuch must be complied with for the purpose of CE
marking as of 2001-01-01.

3. Scope
3.1  Application

EN 61000-3-2 applies to all electrical and electronic equipment that has an input current of up to 16 per phase,
suitable for conmection to the low-voltage AC pubhe mamns distnbution network.

A public mams low-voltage distribution network exists 1if more than one mdependent consumer can draw power
from it.

This standard does not apply to (and has no limits for):
" Non-public networks.

" Medical equipment (see also 6.)

" Class A and D equipment <75W effective input power.

Equipment for rated voltages less than 230 VAC (Lt not vet been considered).
Component power supplies (see also ‘EPSMA CE markig gmdance for power supphes’).

" Professional equipment (not intended for sale to the general public) with a total input power greater than
1 kW.

Refer to chapter 7 (Amendinents) for more mformation and future requurements

3.2 Transitional periods

EN 61000-3-2 came nto effect on 1995-09-16 (published in The Official Journal of the European Communities)
and has replaced EN 60555-2 as of 2001-02-10. The old standard EN 60555-2 shall not be used any longer.

Page2 Edition September 2004

Disclaimer: No responsibility or liabilitny can be accepred by the EPSMA or any of its officers or members for the content of this guidance
docianent, which does not necessarily guarantee compliaince with the requirements of the legislation, Parties will need to satisfy themselves
as ro the steps ro be taken to ensure compliance with legislative requivements and the advice contained herein should not be used as a
substitute for taking appropriate advice.
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3.3 Differences between the standards EN 60555-2 and EN 61000-3-2.

" Whereas the scope of the old standard EN 60555-2 was limited to specific types of equipment and their
uses. EN 61000-3-2 applies to all electrical and electronic equipment that is connected to the public low-
voltage alternating-current distribution network.

" EN 61000-3-2 has lower maxunum levels of the harmonie currents and some levels are also dependant on
the equipment mput power rating. EN 60555-2, prescribes absolute hmts m respect of the harmome
currents.

4. Application guidelines

The flow chart on page 5 1s mtended as a guideline for the application of EN 61000-3-2: 2000. Based on the
application specific conditions 1t will deternune 1f the standard 1s applicable or not.

Page3 Edition September 2004

Disclaimer: No responsibility ar labilitv can be accepted by the EPSMA or any of its afficers or members for the content of this guidaice
dacmmnent, which does not necessarily guarantee compliance with the requirements of the legislation. Parties will need to satisfy themselves
as fo the steps to be taken 1o ensure compliance with legisiative requivements and the advice comtained herein should not be used as a
substitute for taking appropriate advice.
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Figure 1: Flow chart
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5. Classification

There are 4 different classes mn the EN 61000-3-2 that have different limit values:

Class A: Balanced 3-phase equipment, and all other equipment, except that stated 1 one of the
following classes.

Class B: Portable tools, arc welding equipment which is not professional equipment

Class C: Lighting equipment.

Class D: PC. PC monitors. radio or TV receivers. Input power P < 600 W.

There are no limuts for:

- Equipment with input power P < 75 W.

- Professional equipment with input power P > 1 kW. *

- Symmetrical controlled heating elements with input power P < 200 W.
- Independent dimmimg devices for light bulb

* Note: Professional equupment for use in trades. professions or industries and which 1s not mtended for sale to
the general public. The designation shall be specified by the manufacturer.

6. Amendments / New Editions (Only changes related to power supplies)

" EN 61000-3-2:2000:

Since 2004-01-01 (after a three-year transition period) EN 61000-3-2:2000 supersedes EN 61000-3-
2:1995 with its amendments. Now the amendment A14 is completely in force.

The following changes are introduced by A14:2000:

- No limits for equipment using 75 W or less.

- New definition of class D: only applicable for PCs. PC-monitors and television receivers.

- Test configuration with expected maximum THC (Total Harmonie Current, no worst-case search).
- Limits apply only to the power lines, not to the neutral.

- New average power measurement method for fluctuating loads.

" EN 60601-1-2 Medical technology: Since 2001-11-01 a new version of the EN 60601-1-2 is adopted.
In this new version EN 61000-3-2 / -3-3 has to be fulfilled. The transition period will end on 2004-11-
01 (DOW).

T Harmonic line current reduction techniques

Hannonic line current reduction can be achieved by using different techniques. The most conunon used
techniques for harmonie current reduction are line filters, using passive components, and active electronic
cireuitry. Harmonie line current reduction using passive components (inductors and capacitors) introduces a
high impedance for the harmonics thus smoothing the input cwrrent to an electronic equipment as shown in the
figure below.

Harmonie line current reduction using active electronic circuitry is shaping the input current of an electronic
equipment proportional to the applied line voltage thus giving a sinusoidal mput current in phase with the line
voltage. The corresponding electronic cireuntry 1s often called Power Factor Correction (PFC) ciremtry. although

Pages Edition September 2004

Disclaimer: No responsibiline or liabilin can be accepred by the EPSMA or any af its officers or members for the content of this guidance
document, whicl does not necessarily guarantee complionce with the requirements of the legislation. Parties will need to satisfv themselves
as fo the sreps to be taken to ensure compliance with legislative requivements and the advice contained hevein should not be used as a
substitute for raking appropriate advice.
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power factor correction 1s not the correct wording but has become synonymous for harmonice line current
recuction.

Harmonie line cwrrent reduction using passive components are sometines called passive PFC.

7.1 Comparison without / with harmeonic line current reduction

Figure 2: Typical input current with passive harmonic line current reduction
without harmonic line current current reduction

reduction Figure 4: Typical input current

Figure 3: Typical mput current with active harmonie hine
\'_'iIl i Vs \ Vin \'_"ill
lin N\ Iin Iin

7.2 Advantages / disadvantages

Passive harmonic line current reduction

- Simple and robust circuitry - Large and heavy low frequency magnetics needed
- Less costly than active PFC - Not applicable for wide mput range
(Especially in 3 phase applications) and higher power

- No sinusoidal input current

Active harmonic line current reduction

Advantages Disadvantages
- Extensive elimination of line cwrrent harmonics - Additional expense of circuitry
- Power factor near 1 (typically 0.6 uncorrected) - Increased number of parts

and mereased available power from the - Negative nmpact on efficiency

wall socket (public mains)
- Wide mnput voltage range possible.

Passive harmonic line current reduction (e g. for 3 phase applications and applications up to approximately
400W) is sometiumes a more economic and effective solution. Yet wide input range and meeting the
EN 61000-3-2 standard under all load conditions are often not possible.

Pageo Edition September 2004

Disciaimer: No responsibilitv or liabilitv can be accepted by the EPSMA or anv of its officers or members for the content of this guidance
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This publication shall not be reproduced or repeated, in whole or in part, nor stored in any information or
retrieval system without the prior written consent of the EPSMA.

Published by EPSMA © 2002

EPSMA - Secretaniat Address
6 Regent Busmess Park. Booth Drive. Wellingborough. Northants, NN8 6GR
Tel: +44-(0)-1933-402255; Fax: +44-(0)-1933-402266
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I
FAIRCHILD

]
SEMICONDUCTOR®

LM350

3-Terminal 3A Positive Adjustable Voltage
Regulator

www.fairchildsemi.com

Features Description

» Output adjustable between 1.2V and 33V The LM350 is an adjustable 3-terminal positive voltage

+ Guaranteed 3A output current regulator capable of supplying in excess of 3.0 A over an
+ Internal thermal overload protection output voltage range of 1.2V to 33 V

* Load regulation (Typ: 0.1%)

+ Line regulation (Typ: 0.015%/V) TO-220

+ Internal short-circuit current limit

* OQutput transistor safe-area compensation ‘ ’

1. Adj 2. Output 3. Input

Internal Block Diagram

A} INPUT

Q
Qo
VOLTAGE
REFERENGE

PROTECTION
GIRCUITRY 1

1 fscg

_ ‘
ADJUSTABLE OUTRUT ‘P
0

Rev. 1.0.0

©2001 Fairchild Semiconductor Corporation

! o J
ﬂTWW‘L!'Jﬂﬁ 12 "fllﬁ)ﬂJ”ﬁﬁ]1LW1$ﬂlfJ\1 IC regulator U837 LM350
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LM350

Absolute Maximum Ratings

Parameter Symbol Value Unit

Input-Output Voltage Differential Vi -Vo 35 Vpe

Lead Temperature (Soldering, 10sec) TLEAD 300 °C

Power Dissipation PD Internally limited -

Operating Temperature Range Torr 0~+125 °C

Storage Temperature Range TsSTG -85 ~ +150 °C

Electrical Characteristics
(VI-Vo=5V, lo=1.5A, Ty=0°C to + 125°C; Pp < PDMmAX, unless otherwise specified)
Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Line Regulation (Note1) Rline | Ta = +25°C, 3V <V|-Vp <35V - 0.015]| 0.03 %V
Rload Ta=+25°C, 3V <V|-Vo <35V

Load Regulation (Note1) Vo =5V - 5 25 mV
Vo z 5V 0.1 0.5 %

Adjustment Pin Current laDJ - - 50 | 100 LA

Adjustment Pin Current Al V=V -Vo <35V, ) 02 | 5.0 LA

Change AADY | 10mA < 1o < 3A, Pp < PuMAX

Thermal Regulation REGT | Pulse = 20ms, Ta =+ 25°C - 0.002| - Y/W

Reference Voltage VREF | 3V<V|-Vo <35V, 10mA<lo<3APD<30W| 1.2 | 1.25 | 1.30 v

Line Regulation Rline | 3.0V <V|-Vp <35V - 0.02 | 0.07 | %/W
10mA <10 <3.0A

Load Regulation Rload Vo <50V - 20 70 mV

°ad 1 vo=5.0v 03 | 15| %
Temperature Stability STt | Ty=0°Cto+125°C - 1.0 - %
Maximum Output Current I Vi-Vo £ 10V, Pp £ Pmax 3.0 | 45 - A
oMAX) Vo = 30V, PD < Puax.TA = +25°C 02510 | - | A

Minimum Load Current ILgvINy | VI -Vo = 35V - 3.5 10 mA

RMS Noise, %of VOUT VN 10Hz <f < 10KHz, TA= +25°C - |0.003| - %/MNo
Vo =10V, f = 120Hz, -

Ripple Rejection RR CapJ=0 65 dB
CapJ = 10pF 66 80 dB

Long-Term Stability ST TJ=+125°C ) 0.3 1 %!

1000HR

Note:

1. Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken info
account separately. Pulse testing with low duty cycle is used.
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Typical Perfomance Characteristics

Ve QUTPUT VOLTAGE CHANGE (%)
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Figure 1. Load Regulation
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Figure 3. Adjustment Pin Current
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Figure 5. Temperature Stability
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o 5 10 1% 0 % 0 s
Vi— Vo, INPUT—OUTPUT VOLTAGE DIFFERENTIAL (Vi)

Figure 2. Current Limit
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Figure 4. Dropout Voltage

45 [
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Figure 6. Minimum Load Current
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LM350

Typical Perfomance Characteristics (continued)

o * il T T
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Figure 7. Ripple Rejection vs Vo Figure 8. Ripple Rejection vs lo
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Figure 9. Ripple Rejection vs Frequency Figure 10. Output Impedance
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Figure 11. Line Transient Response Figure 12. Load Transient Response
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LM350

Typical Application

LM350 1 O
Input ™ our I | | Output
ADY 2+ R,
*120
laoy
& Co
0.1uF 1uF
2R,
m
Figure 13.

C1 : Cris required if the regulator is located an appreciable distance from power supply filter.
Co : Output capacitors in the range of 1uF to 100uF of aluminum or tantalum electronic are commonly used to provide
improved output impedance and rejection of transients.

In operation, the LM350 develops a nominal 1.25V reference voltage. VREF. between the output and adjustment terminal. The
reference voltage is impressed across program resistor R1 and. since the voltage is constant. a constant current I then flows
through the output set resistor R2. giving an output voltage of

Vo =125V(1+R2/R1) + IADJ R2

Since IADJ current (less than 100UF) from the adjustment terminal represents an error term. the LM350 was designed to mini-
mize TADJ and make it very constant with line and load changes. To do this, all quiescent operating current is refurned to the

output establishing a minimum load current requirement. If there is insufficient load on the output. the output voltage will rise.

Since the LM350 is a floating regulator, it is only the voltage differential across the circuit which is important to performance,
and operation at high voltage with respect to ground is possible.

Since IAD7 is controlled to less than 100WA, the error associated with this term is negligible in most applications.
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LM350

Mechanical Dimensions (continued)

Package

TO-220
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LM350

Ordering Information

Product Number

Package

Operating Temperature

LM350T

TO-220

0°C to + 125°C
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LM350
DISCLAIMER
FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.
LIFE SUPPORT POLICY
FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPOMNENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein
1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.
www fairchildsemi.com
6/1/01 0.0m 001
Stock#D S
@ 2001 Fairchild Semiconductor Corporation
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KBPC / BR

DC COMPONENTS CO., LTD. 1D?I'5|-|R505

Z RECTIFIER SPECIALISTS KBPC / BR
110 / 310

TECHNICAL SPECIFICATIONS OF SINGLE-PHASE SILICON BRIDGE RECTIFIER
VOLTAGE RANGE - 50 to 1000 Volts CURRENT - 3.0 Amperes

FEATURES

* Surge overloa rating: 50 Amperes peak
* Low forward voltage drop

* Small size: simple installation

BR-3

re

.268 (6.8)

MECHANICAL DATA 228185)

* Case: Molded plastic

* Epoxy: UL 94V-0 rate flame retardant

* Lead: MIL-STD-202E, Method 208 guaranteed
Symbols molded or marked on body

* Mounting position: Any

* Weight: 3.36 grams 620 (15.7)
580 EMJ] HOLE FOR

445 (11.3) NO,6 SCREW
405 (10.3)

035 (0.9) DIA,
028 (0.7) TYP.

-1
.445 (11.3) .620 (15.7)
.405 (10,3).580 (14.7)

Y

Dimensions in inches and (millimeters)

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Ratings at 25 °C ambient temperature unless otherwise specified.
Single phase, half wave, 60 Hz, resistive or inductive load.

For capacitive load, derate current by 20%.

KBPC | KBPC KBPC KBPC | KBPC | KBPC | KBPC
1005 101 102 14 106 108 10
SYMBOL BR305 | BR31 BR32 BR34 | BR3§ BR38 BR310 | UNITS
Maximum Recurrent Peak Reverse Voltage VRRM 50 100 200 400 600 800 1000 Volts
Maximum RMS Bridge Input Voltage VRMS 35 70 140 280 420 560 700 Volts
Maximum DC Blocking Voltage Vioc 50 100 200 400 600 800 1000 Voits
Maximum Average Forward Rectified Output Cumrent at Te = 50°C lo 30 Amps
Peak Forward Surge Current 8.3 ms single half sine-wave
IFzm 50 Amps
superimposed on rated load (JEDEC method)
Maximum Forward Voltage Drop per element at 1.54 DC VF 1.0 Volts
Maximum CD Reverse Current at Rated Ta = 25°C 10
@ IR uAmpS
DC Blocking Voltage per element @Tc = 100°C 500
It Rating for Fusing (t<8_3ms) 1%t 10 Alsec
Typical Junction Capacitance ( Note1) o1} 21 pF
Operating Temperature Range Ti -5510 + 125 c
Storage Temperature Range TsTe 55 t0 + 150 ‘C
NOTES : 1.Measured at 1 MHz and applied reverse voltage of 4.0 volis
2. Thermal Resistance from Junction to Ambisnt and from junction to lead mounted on P.C.B. with 0.47 x 0.47" {12x12mm) copper pads. 1 o |
232
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KBPC1005 KBPC110
RATING AND CHARACTERISTIC CURVES THRU
BR305 BR310
FIG. 1 - MAXIMUM NON-REPETITIVE FORWARD FIG. 2 - TYPICAL FORWARD CURRENT DERATING CURVE
SURGE CURRENT
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= ~ w ’ \\
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0 2 4 6 10 20 40 &0 100 0 50 100 150
NUMBER OF CYCLES AT 60Hz CASE TEMPERATURE, (C)

FIG. 3 - TYPICAL INSTANTANEOQUS
FORWARD CHARACTERISTICS FIG, 4 - TYPICAL REVERSE CHARACTERISTICS
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The Effect of Harmonics and Conducted EMI Noise on the Power Supply of Down-Light Lamp with LED
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Abstract

This paper presents the effect of Harmonics and conducted
EMI noise on the power supply of down-light lamp with LED.
The power supply consists of 4 types such as, battery 12 VDC, linear
power supply, full bridge diode rectifier circuit, and switching mode
power supply. The experiment results are compared on the electrical
performance, harmonics noise (referred to the EN61000-3-2 class C
standard or TI5. 1506-2541  standard) and conducted EMI mnoise

(referred to the CISPR-15-16 standard).

Keywords: LED lamp, harmonics noise , conducted EMI noise,

illumination
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