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Research Title: Attenution of Electromagnetic Interference (EMI) in Lighting
System
Researcher:_ Asst. Prof. Dr.Chaiyan Jettanasen and
Asst. Prof. Dr.Atthapol Ngaopitakkul
Faculty: Engineering  Department: Electrical Engineering

ABSTRACT

T5 fluorescent lamp and Light Emitting Diode (LED) lamp become nowadays
increasingly widely used in lighting system both inside and outside the buildings due
to their efficient performance, light weight, low electrical loss resulting in energy
savings. In addition, they are environmentally friendly because they do not contain
toxic substance. For functioning, T5 fluorescent lamp and LED lamp need electronic
ballast and driver, respectively. These additional devices produce harmonics and/or
electromagnetic inference (EMI) in the system owing to their switching operation; this
may cause malfunction or damage to nearby sensitive electrical/electronic
equipments. Consequently, in this research, overall performance, illumination on the
working area and harmonics or EM! reduction are all investigated. The noise level
must be conformed to [EC 1000-3-2 (or EN 61000-3-2) standard.

In this research, comparative study of different brands of ballast electronics and
LED lamp drivers is carried out in order to know the performance and harmonics
generation. It is later found that the brand with low cost and without any standards
has the highest harmonics and exceeds the applied standard. Hence, this type is
used for harmonics filter design. After adding the filter, the overall system generates
less harmonics and its'performance is presently fairly equivalent to the high quality
and high cost one, and also respects to the EMC standard. This could finally save
cost for the consumers when using this lamp.

Keywords : Electronic ballast, Lighting System, filter, LED, T5 Fluorescent lamp, Electromagnetic
Interference, Harmonics
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2.2 vaanadsianuseiind ( Electronic Ballast ) [4]

vamasifugunsaldndunisedld desflegluszuuliuasainiilévasnlnussian
WgealsaLus Usslanviaenmuuszapl g Tﬂauuu'mﬁ'mﬂuniuuawﬁmmumhﬂu
fvaenliflrumnraneshimenudasissan | vasausazein wiayqu uearuue
vomnaiusgudandauidenldiunn Ae Yaaailataod (Low Loss Ballast) uaztaanas
8ildnvsaiind (Electronic Ballast) uvﬂuvmamm’:muamamaxaﬂmaunawaaamemm
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PFC Control

Fault Logic
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3)
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5)
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2933R udayIasiiosiu ( Input fitter and Protection Circuit )
Wil andyrasunaunisudivdninia eml (Electromagnetic
interference) 91nA1BuBnTigdIsUnIuTaatadLazandaaiadiiae
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Frvne lunsudalwdniae L
1995158anseua (Rectifier)  Siwiiil wasulnianssuaadulm vl
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nzuansuieelifuaesBueiimesniudgs

<

293 A IUsEnauids ( Power Factor Correction Circuit ; PFC) &
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dyraguladiteannszusensueind wasifiuddhusenaudids
295nTawiuA ( Low pass fitter ) futhil asussiunseiitonves
wssiulwihnssuansinudwenadunefined

1asBunefinednuiigs ( High frequency inverter ) Sivthil walewluiin
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dslrtiuuufauied ( Half-Bridge Inverter ) iifasanldgunsefaindiiies
2 4 uasussiumnasesvufaindesiidngegaliiiuussturda Faiilk
Auvlunsadnfisangn

2993519 ( Resonance Filter ) 2wasislouuudeynsuuuulvandeuum
fudfvuseqisTauundfiarannuizaudunisiunldtuiesdaatad
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2.3 YaduvaaninlaniUsauss (LED) %38 Switching Power Supply
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Uszdvsnmuszana 30% wieenavinlagedia 50% luunansdl daiulddrdeutreiile
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2.4 ajuaiindluszuuluia (Harmonics in Power System) [3]

grduelind (Harmonics) e dawusznevlugudnunduled (Sine wave) o9
dygraviediuianduawla g ?iaﬁm'mﬁijuﬁ'i'lmutﬁuwiwaammﬁwé’nga
( Fundamental Frequency lussuulwihilrnwiaiu 50 Bsed) wu snsuelinddduit 3 i
fruily 150 18904 wazedueilndaduil 5 fdeuiit 250 Bsad Wudy S
fanmdi 2.5

fundamental

3TH HARMONIC
5TH HARMONIC

50 Hz
100 Hz
(a) 2™ harmonic (100Hz) (b) 3" harmonic (150H2)
' 50 Hz ' A 50 Hz
. 200 Hz 250 Hz i j
(&) 4™ harmonic (200Hz) (d) 5" harmonic (250Hz2)
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2.4.1 drannaiieuaiuetindsay

Ay EC uay IEEE Trmmniusisueiind : %THD (Total Harmonic
Distortion) LHuduensefuauiteuaiueiing Taaifieuaindasdiusswindinitaes
YDINAVINANAIE BV IuUSENavE Suaiing numwaamuﬂsznaummmanuamamﬂu
Yovar Fesusnidumauiiounseuasiueiindsay wagAaitouusidusfuetindsiy

AAMILBUNTesagnsueiingsa (Tatal Harmonic current Distortion: THD)

,’ R Bamsy
%THD; =~— X 100%

11(rms) 2.1

APULEULS U aaiindsan (Tatal Harmonic voltage Distortion: THD,)

’E‘ Vi
%THD, = DSt X 100%

Vigrms) : (2.2)

Vi (me Auadufdeweussusueingwud b
g : ANAREASEDIvEINSTET O TNE T h
Vi (me Fi'u,aé"aﬁ'lé’aaawaqLLsQﬁ'uﬁﬂ'nuﬁwé'na‘ga
hmg :ARABTEERBINS AT AENYA

annsauavdsiidnetiiednd aweudnuusnsvhoauresgunsallidseluil
- Bdnvseilndiivhivludhudin dnineu mu‘lmyl,fluwﬂ 1 a
- aﬂnsmmmﬂmmaamamaqu:u*ummm( SWITCHING MODE POWER SUPPLY
SMPS 1y LAasnauiames )
HamensusiindiiliiAanansenudegunsallussuulihudseandu 2 nsdl
%dn 9 Ao
1. vihlvgunsalluszuuiinsiinulanalndisnavadainssfuuasnssud
gruelindfifiiunn wasguady Fuanadlaifadieuly
2. vnlvgunsalluszuuiiongmislinuliesawisifiansdrsadens (ewni
/1 llerindsaes (ms) vesussiunde nssua gelufAnandeniuefind

2.5 Wawas (Fitter) [12]
d ¢ P ° v oo dd v A o -Jn\l 'y
29493N399AUALTUINITVE NI TEN MU NLADNAUAVIABINITHTORAANRNLUADINITOBN
' ' 4 A ) [ [ = [
a'm%‘#lﬂu LQW']:’:%’NIW%’NVIuQﬂi@WNﬂ'}"l\'i 9 f‘]'lﬂ ﬂ'ﬁl‘m']u'lQﬂiﬂ'ﬁ@\?ﬂ?ﬁlﬂﬁ"luqiﬂ‘lﬁiﬂiﬂﬂ
) ot 4 v o v . Y 2] o 4.
fygrasuniu F9RaTazUsznauTiumedifuniu (resistor), Ml (inductors) way



mmuﬂsuﬂ (capacitors) IﬂEJLmﬂmﬁuuﬂUi“ﬁ]’lﬂ’J‘UE]si'éJUﬂiiULma&”UUﬂ fg mmumu’mv
ﬂau'lwmmnmmu‘lmw mqmmmumn a'mmLﬂwsuammnmmumn mmnmmu
L mummumummumwnmm“lumvmuammmaﬂm Frnesnseseudidlows
muqﬂnsmwam%um‘lm 2 ¥ila fio

1. NIINTBFYYIUTUNMULUY WraTw(Passive Filter)

2. NIINTHEQYYIUTUNIUILUULEATIH (Active Filter)

'lumu%nfmmawsnsaaammmsumuuvummw (Passive Filter) AW a@w
uuwmamawsﬁamasw Lifinnsvene (Unpowered Components (RL,C) ) ilusinsanvey
drunaias msamwauuﬁwwamn mmsamtaaLuaamnms‘lmmsn (Insertion Loss) d@7u
'msnsaam’mau:uuLtaﬂMWumumwwmaammma&m'ls'lu Jududedldndaaulu wy
TursasieTesveneides  Sainesldfuitennid 9 Ingagldffumi, difulsygien
s'mnuaﬂnsmwmmmmmwmaanmnm 1ty seUuend Mawmesuilinsng suilsuuums
sionsasiieutazutivey wasuiwenldify 3 wuu uanqfe Wiy L (Mleoraduuuy

Inverted L) Wuu T 4agsuu TC (8141 pi) Ssudasuvumaniiannsauansléfonmil 2.6

ex 1}

< ! a
i 2.6 uamsgluuunIsandWawmes

'J\ﬁ]i"WaLﬂﬂ%ﬁﬂﬁﬂuﬁummiﬂﬁ%Lﬂﬂﬂlﬁl,{lu 4 YUY MUBNYAILYBINNIABUALBREAYE
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1. 2993N584AIWAREY (Low-Pass Filter ,LPF)
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 LOW PASS

Filter Response

. 1.
K23

Stop

Pass Band Band

Frequency —>

g . o S
NNN 2.7 ;a‘,ULL*U‘un'15mauauamamwmamwsmaqm’nmmmu

2. 'mﬁnsaaﬁqwﬁaamu (High-Pass Filter ,HPF)

uJuqmsmau'lwmmnaamulﬂlm wazvhnsaaneudyamifavisesnly
'Jaﬁﬁuawﬂau‘lvammawmmnmwummulﬂlm mummawmn'm““lmuwaqnmﬂ nguae
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3. 299INTBWAVANUBHTIY (Band-Pass Filter ,BPF)
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< v & v ' v ' o
AT 3.5 MTnLanvayaleu vevaenlalanaueas (LED) Aldanusiuiu
niuvaendie A

Power (W) ¥ 425
Frequency (Hz) 50 50
PF 0.42 0.47
%THD, 1.7 25
Vrms (V) 226.5 226.1
9%THD, 1414 174.6
jeriis (A) 0.046 0.40

NNANST 3.5 wUT Lﬁa'lﬁ'muvvaaﬂ‘lmbmma'maq (LED)  samfugaduvaen
lalonwasuas (LED) %o A $1uwanndu mama’luumaamsamtaﬂ“lwﬁmmumnw
‘lumummm’mmtwawaqns-'uamsuaunamwnmnwmawunu dauenAuRnieuTe
wsssussuaindiuiialndifety

= L ' ' . L 4 ' s
A1 3.6 HaN1ITIVINANNY vamaenlalaauawuet (LED) Aldvwsiuiu
ynduvasalaloniduas (LED) Eve A (1yady 1maen)

awusiuetind vrms %THDV Irms 9%THDI

DC 0.2 0.1 0.01 40.3
1 225.7 100 0.01 100
2 0.1 0 0 143
8 0.1 0 0.01 714
q 0.1 0 0 143
5 3.1 .14 0.01 28.6
6 0.1 0 0 143
7 2.1 1 0.01 28.6
8 0.1 0 0.01 28.6
9 0.1 0 0.01 57.1
10 0.1 0 0 14.3
11 0.3 0.1 0 143
12 0.1 0 0 14.3
13 0.1 0 0 143
14 0.1 0 0 143
15 0.1 0 0 14.3
16 0.1 0 0 143
17 0.1 0 0 14.3
18 0.1 0 0 14.3
19 0.1 0 0 14.3
20 0.1 0 0 14.3
21 0.1 0 0 14.3
22 0.1 0 0 14.3
23 0.1 0 0 14.3
24 0.1 0 0 14.3
25 0.1 0 0 143
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8 0.1 0 0 13
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14 0.1 0 0 13
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16 0.1 0 0 13
17 0.1 0 0.04 224
18 0.1 0 0 1.3
19 0.1 0 0.02 145
20 0.1 0 0 13
21 0.1 0 0.01 53
2 0.1 0 0 1.3
23 0.1 0 0 1.3
24 0.1 0 0 13
25 .04 0 0 13
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Chaiyan Jettanasen
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Abstract—Harmonics are always generated in any non-linear
electrical/electronic systems, and cause severe problems in terms
of performance and operation. This paper focuses on analytical
study of harmonics originated from LED lamps  usually
functioning using a driver. Since the driver is a switching device,
it will be thus a direct harmonic and/or electromagnetic
interference (EMI) source of the system. In order to suppress or
reduce produced harmonics, a low-pass harmonic filtering
technique is proposed and applied. The experimental results can
reveal harmonic reduction effectiveness by comparing with
lighting standard, which is herein IEC 1000-3-2 (or EN 61000-3-
2); this confirms finally the Electromagnetic Compatibility
(EMC) of the system.

Keywords—EMI/EMC; harmonics; LED driver; low-pass filter

L INTRODUCTION

Nowadays, Light Emitting Diode (LED) lamps become
increasingly popular to be used in many applications, for
example, inside and outside of the residence or office, street
lights, building decoration, and vehicle application. The main
purposes of using LED lamp are energy savings because of low
energy consumption and overall efficiency augmentation.
Moreover, it has long lifetime, and is environmentally friendly
because there is no composition of the toxic substance
comparing to other types of lamps. As a result, in the buildings,
LEDs have replaced incandescent lamps and fluorescent lamps,
which have been usually used for many decades. Even though
LED lamp has many advantages, it also has some
disadvantages such as generation of harmonics or EMI in the
system due to the functioning of switching devices of the LED
driver. The driver is essential for lightening the lamp.

Many research papers have focused on development of
jperformance of LED lamps, lighting control, and illumination
on the work surface [1-4], but there are few papers concerning
side effects [5-6] when employing this kind of lamp.

To reduce or suppress harmonics generated in any
electrical/electronic system, there are a number of traditional
and innovative techniques [7-1 1]. However, in this paper, low-
pass harmonic filtering approach will be studied and discussed.

In this paper, the studied system and its experimental setup
are first presented. Second, the harmonics measurement and its
results are illustrated. Harmonic filter design is next carried out
in order to overcome harmonics problem. Finally, the results

Atthapol Ngaopitakkul
Department of Electrical Engineering, Faculty of
Engineering, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok 10520, Thailand
knatthap@kmitl.ac.th

when inserting harmonic filter at the input of LED lamp’s
driver are shown and compared with the lighting standard to
reveal the effectiveness of passive filtering technique
implemented in the studied system. This will further confirm
the electromagnetic compatibility (EMC) of the considered
system.

Il STUDIED SYSTEM AND EXPERIMENTAL SETUP

The studied system composed of an ac power source, and
LED lamp and its driver set of different commercial brands.
Three brands are studied in this paper; two brands (A and B)
are constant voltage LED driver and one brand (C) is constant
current LED driver. Various configurations are considered and
carried out for each brand as presented below:

* I driver for 1 LED lamp
* - Ddriver for 9 LED lamps
*  9drivers for 9 LED lamps
The purpose is to know the effect of number of driver and
number of LED lamp to generation of harmonics and/or EMI.

(a) (b)

Fig. 2. Experimental setup of LED lamps



The example of LED lamp and its driver used in this study

is shown in Fig. 1 and the overall experimental setup is
illustrated in Fig, 2.

II. HARMONICS MEASUREMENT AND RESULTS

For each configuration, the harmonic measurement is
carried out at the input of LED lamp using a power quality
analyzer as depicted in Fig. 3. This measuring instrument can
provide a number of electrical qQuantities, such as values of
power, power factor, and total harmonic distortion percentage.

‘AC220V. -50Hz

Fig. 3. Harmonics measurment jn LED lamps system

The percentage of total harmonic distortion of current
(%THD;) is compared for different configurations as presented
in Table I.

TABLE L PERCENTAGE OF TOTAL HARMONIC DISTORTION OF
CURRENT FOR DIFFERENT CONFIGURATIONS
LED lamps and Drivers I driv:f’TmQ)' e
LED lamp with driver of brand A 1414 174.6
LED lamp with driver of brand B 75.6 76.3
LED lamp with driver of brand C X 235

Note that LED lamp of brand C produces less harmonics
than that of brand A and B because the current waveform is
“less distorted. Fig. 4 and Fig. 5 show the current waveform of
brand A and C, in time domain, respectively. However, it is
clearly seen that these waveforms contain harmonic

components by using Fast Fourier Transform (FFT) function of
oscilloscope.

Moreover, harmonics magnitude (%f) of each harmonics
order is compared for each LED lamp brand and shown in Fig.
6.

According to the results, it is found that LED lamp of brand
A has high %THD;; that is why, this study will focus on this
brand, and the low-pass harmonic filtering technique will be
applied to improve power quality of current signal.
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Fig. 4. Waveform of current in LED lamp with 1 driver of brand A
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Fig. 5. Waveform of current in LED lamp with 1 driver of brand C
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Fig. 6. Comparison of harmonics magnitude at different harmonics.order for
each brand (1 lamp & 1 driver)

IV. DESIGN OF LOw-PASS HARMONIC FILTER

LED lamp functioning with driver of brand A is chosen for
harmonic filter design owing to its highest harmonics
generation. The acceptable level of harmonics is normally
defined by a standard, which is herein IEC Std. 1000-3-2
(Group C); this ensures that the sensitive nearby
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electrical/electronic equipments or itself will be not affected by
generated harmonics. Table II shows the limited harmonic
current of lighting equipments according to the mentioned
standard.

TABLEII. LIMIT OF HARMONIC CURRENT OF LIGHTING EQUIPMENTS
(GROUP C) ACCORDING TO IEC 1000-3-2 STANDARD
Harmonics Order (n) Maximum harmonic current
permitted (calculated in percentage by
comparing to the fundamental
magnitude)

2 2
3 30*(power factor)
5 10
7
9

11=n<39

(only odd order)

Note that for brand A and B, the harmonics level exceeds
the maximum harmonic current permitted by the applied
standard, whereas brand C rather respects to the standard.

The generated harmonics issued from LED lamp of brand
A will be reduced by adding the harmonic filter at the input of
the LED lamp. This filter is simply composed of one series
inductor and one parallel capacitor. The resistor of the order of
MQ can be added in parallel with the capacitor in order to
discharge its electric charge and also for a reason of
mechanical structure.

To reduce the harmonics magnitude, the cut-off frequency
is a key parameter to be considered. Here, the cut-off frequency
of harmonic filter is fixed at 150 Hz, and the value of capacitor
is 11 pF, thus by using (1), the value of inductor will be 102.34
mH.

1
-— M
/e 2zJLC

After inserting the experimentally ~ designed filter as
depicted in Fig. 7, the current waveform becomes more
sinusoidal as shown in Fig. 8. Furthermore, the %THD; is
improved, it is presently equal to 10.2 % (before insertion of
harmonic filter, it was equal to 141.4%)

Fig. 7. Experimentally designed filter used in this study

Fig. 8. Current waveform without harmonic filter (a), and with harmonic
filter (b)

The spectrum of current waveform with harmonic filter is
also determined. The result is shown in Fig. 9.
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Fig. 9. Harmonics magnitude, obtained after insertion of harmonic filter, at
different orders compared with IEC standard

The results are obviously shown that the harmonics level is
now conformed to the lighting equipment standard.

V.  CONCLUSION

The analytical study of harmonics generated by LED lamp
driver for lighting applications has been conducted in this
paper. Since the harmonics level exceeds the applied IEC
1000-3-2 standard, it must be reduced by an attenuation
approach. The passive low-pass harmonic filtering technique
was proposed in this study, and with this filter, the level of
harmonics respects satisfactorily to the standard. Finally, this
shows the Electromagnetic Compatibility of the overall system.
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