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Abstract- Conventional light sources are less efficient as compared to the light emitting diode and compact fluorescent lamps.
Conventional incandescent filament lamps are resistive and therefore do not depend on power quality parameters. In the
electric power system, nonlinear loads are increasing rapidly and the high content of harmonic due to the nonlinear loads
cannot be neglected. Harmonic generation from the light emitting diode and the compact fluorescent lamp is one of the main
problems for power quality. In this study, the light efficiency and electrical characteristics of the light emitting diode lamps and
compact fluorescent lamps are evaluated under various voltage harmonic levels. The results show that light emitting diode,
produces more harmonics as compared to the compact fluorescent lamps, with the increase of the voltage harmonic distortion
from 0.7% to 3.52% in the light emitting diode, current harmonic increased from 140% to 192%. The results also show that
increase in voltage harmonic distortion just not only increase current harmonics distortion but also affect the light wavelength
of the lamp.
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1. Nomenclatures

LED
CFL

Light Emitting Diode

Compact Fluorescent Lamp

Luminous Intensity

Watt

Total Harmonic Distortion

Root Mean Square

RMS Voltage of thehth Harmonic

RMS Voltage of thefundamental Harmonic
RMS Current of the hth Harmonic

RMS Current of the fundamental Harmonic
Total harmonic distortion of voltage (%)
Total harmonic distortion of current (%)

2. Introduction

Since last few years energy saving lamps, LED lamps
and CFLs are replacing incandescent light bulb due to the
power saving. The average efficiency of the standard
incandescent bulbs is about 2.2% [1] amost 97.8% of the
total energy is converted into heat. Many governments have
introduced directives to replace the incandescent light bulbs
with energy saving lamps, such as CFLs and LED lamps [2-
4].

Several studies have been conducted on the highly
distorted current of the CFL lamps [5-9]. LED lamps also
produce highly distorted current and many different studies
have been conducted on the electrical characteristics of LED
[9-10].

There are many advantages of using CFL and LED
lamps over using of incandescent bulbs. Luminous efficacy

19



INTERNATIONAL JOURNAL of ENGINEERING TECHNOLOGIES-IJET

Kamran Dawood et al., Vol.3, No.1, 2017

of the LED lamps and CFLs are high as compared to the
luminous efficacy of the incandescent bulbs. Efficacy of the
typical incandescent bulb is about 16 lumens per watt and
efficacy of the CFL and white LED lamps are 60 InYW and
150 Im/W respectively [11] But the main concern about LED
lamps and CFLs are the generation of current harmonic
distortion. Different types of LED lamps and CFLs generate
different levels of the harmonic distortion. As nonlinear
loads, LED lamps produce highly distorted currents [12].
LED lamps and CFLs require less active power as compared
to the incandescent bulb; however, a large number of the
consumer using CFLs and LED lamps in one location may
give rise to significant power problems [13]. Over the years,
many types of researches are also conducted on the internal
ballast circuit and harmonic characters of the CFL and LED
lamps [13-17].In this paper, CFLs and LED lanmps are
categorized on the colour temperature and colour type to
analyze their light wavelength and electrical characteristics.

In this study, the light efficiency and electrical
characteristics of the LED and CFL are evaluated under
various voltage harmonic levels. Two CFLs of 23 W and two
LED lamps of 18.7W were used and all of the lamps have
same luminous flux. To see the effect of colour temperature
of armature hot and cold colour type lamps were used. CFLs
and LED lamps were tested under different conditions i.e.
without harmonic voltage and with different levels of
harmonic voltages. The experiments were conducted to see
the harmonic current and light intensity response of the CFLs
and LED lamps. The experiment results were also compared
with the IEC 61000-3-2.

3. Basic Photometric Quantities

Optical measurements techniques can be subdivided into
photometry and radiometry. The main problem with
photometry is that the determination of optical quantities is
directly related to the sensitivity of the human eye. The
measurement of energy per time emitted by the light source
is commonly known as radiometry. Some photometric
guantities are given below.
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Fig. 1. Photometric Quantities.

3.1. Luminous Intensity

The luminous intensity is a photometric quantity,
represents the light intensity of an optical source, as

perceived by the human eye. The symbol of luminous
intensity is I.

The S.I unit of luminous intensity is candela, it is defined
as the luminous intensity of a light source emitting a
monochromatic light having an optical power of (1/683) watt
per steradian in a given direction at a wavelength of 555 nm,
that the source will emt one candela in the specified
direction.

3.2. Luminous Flux

The quantity of the energy of the light emitted per
second in all directions is known as luminous flux. Figure 2
shows the luminous efficiency function for both scotopic and
photopic vision, it describes the average spectral sensitivity
of human visual perception of brightness.
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Fig. 2. Spectral sensitivity of the human eye.

Human eyes have different sensitivities within the
spectrum with respect to the wavelength. Greenish-yellow
light at a wavelength of 555 nm is most sensitive to the
human eyes. Sl unit of luminous flux is lumen (Im). Lumen
is defined as the luminous power of a light source emitting a
monochromatic light having the power of (1/683) watt at a
wavelength of 555 nm. It defines that at the wavelength of
555nm, 1watt of radiant light is equal to 683 lumens.

3.3. Luminous

Luminous intensity per unit area of light traveling in a
given direction is known as lumnous. It is used to
characterize the reflection and emission from particular area.
The S unit of luminous is candela per square meter (cd/n¥).

3.4. llluminance

The illuminance is the perpendicular component of the
luminous flux that falls on the surface. Sl unit of
illuminance is lux. Table 1 is showing illuminance for the
different illuminance conditions.
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Table 1 Typical illuminance in different environments [18]

According to the second condition, 3" harmonic should
not be greater than 30% of the power factor. Detail of the

IITumination condition IITuminance [lux] second condition is given in Table 2.
Full moon 1 _ . . .
<
Sredt Tighting 10 Table 2 Limits for lightning equipments (P <25W)
Home lighting 30to 300 Harmonics[h] Percentage of fundamental
Office desk lighting 100 to 1000 2 2
Surgery lighting 10000 3 30 x Power Factor
Direct sunlight 100000 5 10
7 7
4. Power Quality 9 >
11 <n <39 (odd harmonics only) 3

Power systems are operating in the range of 50-60Hz
Frequencies. However, sometimes loads create current and
voltages with frequencies that are normally integer multiples
of the fundamental frequency. These multiple integers of
frequencies are known as power systemharmonics and these
frequencies are a form of electrical pollution. There are many
studies conducted on the impact of CFL and LED lamps on
the power quality [20-22]. Harmonics are normally added by
the non-linear loads. Use of the semiconductor in the
switching part of the electronic equipment is the main reason
of non-linearity in the load. Some of the equipment causing
harmonics are computers, TVs, printers, CFL bulbs, and
motors [19].

The Total Harmonic Distortion (THD) is defined as the
ratio of the RMS vaue of the waveform (without
fundamental) and the RM S value of the fundamental. Total
harmonic distortion of the voltage is defined by:

2V
[THD], = —“j @)

1
Total harmonic distortion of the current is defined by:
>
[THD], = —7— @

Iy

N

It is found that most of the new design of LEDs with
lower power rating (<25 Watt) have a power factor (PF) up
to 0.6 and current total harmonic distortion (THDI) between
100-140 %1[13], [23].

IEC 61000-3-2 gives the limits for the equipment that
draws the input current less than 16A per phase [24].
Lightning equipment harmonic emission is divided into two
categories i.e. having active power up to 25W and active
power greater than 25W. Lightning equipment having active
power up to 25W must follow the one of the following
condition [24].

In the first condition, 3% and 5" Harmonic current
should not be greater than 86% and 61% of the fundamental
current respectively. According to the first condition, the
maximum limit of the current total harmonic distortion is
approximately 105%.

5. Experimental Setup

This section illustrates the experimental setup and the
experimental  results of the current harmonic and
performance of CFL and LED lamps.

A Tektronix DPO5034 digital oscilloscope®, Everfine
spectrum coating integrating sphere?, Chroma programmeable
AC source 61704*, Newport optical spectrometer OSM -100*
and two computers were used in the experimental setup as
given in figure 3. Tektronix DPO5034 digital oscilloscope is
used to find the current response of the lamps. Wavelength
and light intensity of the lamps are measured from Newport
optical spectrometer. Different levels of the voltage
harmonics are generated from Chroma programmable AC
source 61704. Technical data of the experimented CFLs and
LED lamps are given in Table 3.

Digital Oscilloscope (3)

Optic smm{L - g

e |11

- Adjustable Voltage Source (4)

—
o _ SHEEm

Spectrometer (1)

Integrating sphere (2) I ’i_ B ACsource

220 Volt

Computer A

Computer B

Fig. 3. Berimental Setup.
Table 3. Technical data of lamps

Rated Value CFL-1 | CFL-2 | LED-3 | LED-4
Nomind RM SVoltage 220 220 220 220
Lamp Power (W) 23 23 18.7 18.7

Luminous Flux (Lm) 1600 1600 1600 1600

Color Type Warm Cool Cool Warm

Color Temperature (k) 2700 6500 6500 4000

Average Lifetime (hrs) 10000 10000 | 25000 25000
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To see the wavelength and electrical characteristics of
the CFLs and LED lamps in different harmonic levels three
different conditions of the THDy, are used in the experiment.
All the conditions are taken within the range of TS EN 50160
i.e. THDy must not be more than 8%. In condition 1, the
supply voltage is pure sinusoidal with a fundamental
frequency of 50 Hz without any harmonic component. In
condition 2, 50% of the TS EN 50160 THDy limit is applied.
However, for the condition-3, the value of the THDy, is taken
near to the maximum limit of the TS EN 50160. Detail of the
applied voltage THDy is given in Table 4.

Table 4. Used THD value of the voltage

Harmonic Number (h) Total Harmonic

Conditions 5. 7. 11. Distortion (THD)
Condition 1 0% 0% 0% 0%
Condition 2 3% 2% 1% 3.74%
Condition 3 6% 5% 1% 7.87%

5.1. Current Harmonic measurement procedure

As listed in table 3 and table 4; four different lamps are
tested for three different conditions. Lamps have same
luminous flux. The power consunmption of LED lamps is
approximately 19W and Compact Fluorescent Lamp is 23 W.
All the conditions have been tested at 220 V and 50 Hz
Frequency.

Each lamp is tested 20 times for each condition and
average is taken from obtained results to minimize the error
and increase the reliability and sensibility of the output.
Furthermore, total current harmonic distortion is taken from
obtained current waveform by using MATLA B software.

6. Measurements and Results

The measurement of Light Intensity and current
harmonic distortion are analyzed and discussed in this
section.

6.1 Measurement of Light Intensity

This section shows the output of light intensity of the
lamps measured by using Newport optical spectrometer
OSM-100.
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Fig. 4. Light Intensity of CFL-1.
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Fig. 5. Light Intensity of CFL-2.

Figure 4 and 5 is showing that the both CFL have the
highest peak of light intensity on the wavelength of the 550
nm. However for the second highest peak, both lamps are
showing different wavelength, in the case of CFL-1 it lies on
the 620 nm wavelength and for CFL-2 second highest peak
lies on the 440 nm.
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Fig. 6. Light Intensity of LED-1.
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Fig. 7. Light Intensity of LED-2.

Figure 6 and 7 is showing that the both LED have the
highest peak of light intensity on the wavelength of the
450nm. The second highest peak of the light intensity for
both of the LED is also same, which lies on the 550 nm.

The experiment shows that light intensity of the CFL is
more stable as compared to the light intensity of the LED
lamp. Results also show that area of the light intensity of the
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LED lamps is inversely proportional to the total harmonic
distortion of voltage and CFL is directly proportional to the
value of total harmonic distortion of voltage.

6.2. Current Harmonic Distortionof lamps

The Current waveform is used to find the total harmonic
distortion of current. It is obtained by performing frequency
domain analysis on MATLAB.

06,
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Current (A)
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Fig. 8. CFL-1 Current waveform.
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Fig. 9. CFL-1 Harmonic spectrumof current.

<

I

0

£

5

O
—Condition 1
~—Condition 2
—Condition 3

0 5 10 15 ] 5

Time (ms)

Fig. 10. CFL-2 Current waveform.

Figure 8 and 9 is showing that with the increase in
voltage harmonic distortion, current harmonic distortion is
also increasing, especially in the 5, 7" and 9" harmonic.

100
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Fig. 11. CFL-2 Harmonic spectrumof current.

Figure 10 and 11 is also showing that with the increase
of voltage harmonic distortion, current harmonic distortion
also increases. However, results show that 11" harmonic of
the CFL-2 is higher as compared to the CFL-1.

Current (A)
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Fig. 12. LED-1 Current waveform.
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Fig. 13. LED-1 Harmonic spectrumof current.

Figure 12 and 13 is showing the current waveform and
harmonic spectrum of the current. Results show that LED is
producing more current harmonic distortion; even 11", 13"
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and 15" harnonics are producing harmonic distortion in the
large quantity.

Fig. 15. LED-2 Harmonic spectrumof current.

Figure 15 and 16 are showing the current waveform and

harmonic spectrum of the current of the LED-2. Results
show that the effect of the voltage harmonic distortion on the
] LED-2 is same as LED-1.
L Table 5 is showing the measured value of the lamps.
g Results show that all the lamps are producing non-sinusoidal
‘uc‘) " waveform, indicating that lamps are producing harmonics
S into the power system For each lamp, THD, is increasing
Ol ] with the increase in THDy. Total current harmonic
distortions for both lamps are presented in Table 5. Asshown
—Conditon 1 in Table 5 just the first condition of CFL-1 produced THD,
Conditon 2 value less than 100, whereas all other tested conditions
|—Condiion 3| produced THD, value greater than 100.
| Time (ms) V These both lamps are producing high levels of harmonic
] distortion and these values are not acceptable according to
Fig. 14.LED-2 Current waveform the IEC 61000-3-2 standard. Furthermore, results are
- showing that LED is producing more harmonic current as
I Condtion 1 conmpared to the CFL lamp.
@ [ condition 2 . .
ol Bl Conditon 3 Change in THD; in cool color type LED lamp and warm
S — 1 ] color type LED lamp is approximately same for each
of condition. However cool color type CFL lamp produces
§ ak A more THD, as compared to the warm color type CFL lamp.
£
g % Table 5 is also showing light intensity area of the CFL
Tl i and LED lamps with different conditions. Results show that
§ / area of the CFL is directly proportional to the harmonic
‘5“ voltages, however, light intensity area of the LED lamp is
0 a- ] decreasing with the increased in harmonic voltages. Results
0 also show that light intensity of the CFL lamps is more stable
| | as compared to the LED lamps.
0 2 4 6 8 10 12 14 16 18 2
Harmonic Number (n)
Table 5. Measured Values of the lamps
Voltage Current
- RMS Value of Cdamenta | RMS Valueof | Areao the
Condition | RMS | THD | Fundamental | the voltage THD RKAnSEI:Tquerr]eznt the Current ~ light
V) | (%) V) harmonics (%) (mA) harmonics intensity
Lamp (V) (mA)
1 220 | 0.76 2159 16 HU52 1254 1185 400
CFL-1 2 220 | 335 216 7.2 102.17 120.2 1228 402
3 220 | 753 2154 16.2 117.7 117.3 138 410
1 220 | 0.77 2158 17 1054 1207 127.2 574
CFL-2 2 220 | 331 215.8 7.2 1144 1188 1359 591.2
3 220 | 7.56 2154 16.3 136.5 112.2 153.2 595.3
1 220 | 0.75 2159 16 1429 86.7 1237 529
LED-1 2 220 | 3.32 2159 72 172.8 86.2 149 497
3 220 | 751 2151 16.2 1933 835 161.4 49%6
1 220 | 0.73 2159 16 139.8 89.9 125.7 590.8
LED-2 2 220 | 33 215.7 71 172.96 87.2 150.8 587.7
3 220 | 7.52 2152 16.2 192.08 85.3 1639 562.8
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7. Conclusion

In this study, light efficiency and electrical characters of
the compact fluorescent lamps and LED lanmps are
investigated under different voltage harmonic levels.
Bxperiments were carried out on a number of lamps in a
laboratory environment. Experiments have shown that CFL
and LED lamps are a serious source of harmonic distortion.
It has been observed that the current harmonics of the LED
lamps have increased significantly as the harmonic
components are added to the supply source. Furthermore,
wavelength characters of the CFL and LED lamps are also
investigated. It is seen that under the distorted voltage source
CFL and LED lamps also affects the light wavelength of the
lamp. The features of the lamps are also important factor as
result shows that warm color type lamps produce fewer
harmonic as compare to the cool color type lamps.
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