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Analytical Study of Harmonics Issued from
LED Lamp Driver

C. Jettanasen, and C. Pothisarn

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.

Index Terms—LED, Harmonic, LED Driver, LED lamp

I. INTRODUCTION

OWADAYS, 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
performance 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 [7-11]. However, in this paper,
low-pass harmonic filtering approach will be studied and
discussed.

In this paper, the studied system and its experimental
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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 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.

II. STUDIED SYSTEM AND EXPERIMENT 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:

* 1 driver for 1 LED lamp

* 1 driver for 9 LED lamps

* 9 drivers 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
EML.

Fig. 1. LED lamps (a) and driver (b)

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.
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Fig. 2. Experimental setup of LED lamps.

III. 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 quantities, such as values
of power, power factor, and total harmonic distortion
percentage.
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Fig. 3. Harmonics measurment in LED lamps system.

The percentage of total harmonic distortion of current
(%THDi1) is compared for different configurations as
presented in Table I.

TABLEI
PERCENTAGE OF TOTAL HARMONIC DISTORTION OF CURRENT FOR
DIFFERENT CONFIGURATIONS

. %THD;

LED lamps and Drivers Tdriver 1 9 drivers
LED lamp with driver of brand A 141.4 174.6
LED lamp with driver of brand B 75.6 76.3
LED lamp with driver of brand C 56.0 23.5

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.
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According to the results, it is found that LED lamp of
brand A has high %THDi; 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
electrical/electronic equipments or itself will be not affected
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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

Maximum harmonic current
Tmieites @il () permitted (galculated in percentage
by comparing to the fundamental
magnitude)

2 2
3 s0*(power factor)
5 10
7 7
9 5

11<n<39 3

only odd orden

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

f =——— 1
© 2x4LC M

After inserting the experimentally designed filter as
depicted in Fig. 7, the current waveform becomes more
sinusoidal as shown in Fig. 8. Furthermore, the %THDi is
improved, it is presently equal to 10.2 % (before insertion of
harmonic filter, it was equal to 141.4%). The spectrum of
current waveform with harmonic filter is also determined.
The result is shown in Fig. 9. The results are obviously
shown that the harmonics level is now conformed to the
lighting equipment standard.

Fig. 7. Experimentally designed filter used in this study.
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Fig. 8. Current waveform without harmonic filter (a), and with
harmonic filter (b).
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Fig. 9. Harmonics magnitude, obtained after insertion of
harmonic filter, at different orders compared with IEC standard.

V. CONSLUSION

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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