Nigerian Journal of Technology
Vol. 40, No. 3, May, 2021, pp. 501-517.

www.nijotech.com

Print ISSN: 0331-8443
Electronic ISSN: 2467-8821
http://dx.doi.org/10.4314/njt.v40i3.16

Analysis of the Electronic Circuits of 11 W and 15 W
Compact Fluorescent Lamps

M. A. Adelabu?, A. L. Imoize®”*, G. U. Ughegbe?

%Department of Electrical and Electronics Engineering, Faculty of Engineering, University of Lagos, 100213
Akoka, Lagos, NIGERIA.
bDepartment of Electrical Engineering and Information Technology, Institute of Digital Communication, Ruhr
University, 44801 Bochum, GERMANY.

Abstract

The introduction of electronic ballast in lighting systems design has dramatically revolutionized the lighting space.
This is orchestrated by the entrance of the Compact Fluorescent Lamps (CFLs) and Light Emitting Diodes (LEDs)
into the lighting market. The CFLs currently being used in domestic and industrial lighting systems provide
highly competitive alternatives to conventional incandescent lamps. The electronic ballast incorporated into the
CFLs helps eliminate the flickering and slow starting flaws prevalent in traditional fluorescent lamps. To properly
evaluate the performance characteristics and limitations of the CFLs, a critical analysis of its electronic circuit
becomes imperative. To this end, this paper presents experimental and simulation analyses of the CFL circuits. To
achieve this, two Futina CFL bulbs of 11W and 15W model YPZ220/11-BMSP RR/RDD and YPZ220/15-BMSP
RR/RDD, respectively, were analyzed and experimentally verified. A function-based programming paradigm was
applied to develop a graphical user interface (GUI) used for the circuits analyses. The GUI is designed using
MATLAB graphical user interface development environment (GUIDE). Experiments were conducted to obtain the
performance characteristics of the CFLs, and measurements show that the 11W lamp has a higher amplitude than
the 15W lamp. However, both lamps show similar waveforms after 300 seconds. The maximum voltage amplitudes
for both CFLs are the same, with a peak value of 218V. The current waveforms in the spectral domain gave a
maximum amplitude of 0.3 A for the 11W CFL and 0.2 A for the 15W. The voltage frequency (0.00196) of both
CFLs are the same, whereas the current frequencies are different. This indicates that the wattage of a CFL does
not affect the frequency of its voltage waveform. The frequency of the 11W CFL current (0.00157) is higher than
that of the 156W CFL current (0.00784). This implies that the higher the CFL wattage, the lower the frequency of its
current waveform. Additionally, simulation results revealed that the key difference between the CFLs is the current
total harmonic distortion (THDI), which increases with an increasing rated power of the CFL or the aggregation
of a number of the smaller rated CFLs.

Keywords: 11W and 15W CFLs, AC and DC analysis, compact fluorescent lamps, current and voltage
waveforms, electronic ballast, Total harmonic distortion

1. INTRODUCTION focus of this investigation. In the existing lit-

The increasing popularity of the Compact Flu-
orescent Lamps (CFLs) over the conventional in-
candescent lamps in the various household, secu-
rity, and industrial outlets fuel the need to inves-
tigate its electronic circuit. There are two main
parts in a CFL: the gas-filled tube (burner) and
the electronic ballast. This study aims to de-
scribe and analyze how the CFL electronic cir-
cuit (electronic ballast) works with its associated
components. However, the gas-filled tube (mer-
cury gas inside the spiral component) is not the
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erature, several efforts have been made to pro-
vide the working principles of the electronic bal-
last and possibly develop a cost-effective alterna-
tive [1-3]. This led to the development of the local
silicon-controlled-rectifier inverters for lamps and
the high-frequency rotating AC generators for the
large banks of lamps commonly found in homes
and industrial buildings. As the primary compo-
nents used for the CFL design, such as the transis-
tor and ferrite, AC and DC inverters become ubiq-
uitous. Thus, it becomes very easy to obtain DC
and AC inverters suitable for the design, analysis,
and applications of the electronic ballast.

Additionally, adequate lighting is essential for
residential and industrial buildings. Most house-
holds and industrial environments have moved
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away from using incandescent lamps (ILs) as the
means of illuminating their environments to us-
ing fluorescent (FL) tubes and CFL lamps. The
motivation is the power consumed by both the
FLs and CFLs is significantly lower than that
consumed by the ILs for the same amount of lu-
minance. However, it has been observed that
the use of FLs and CFLs introduces harmon-
ics into the system which can affect other elec-
tronic and electrical devices connected to the same
source/supply. In this study, the total harmonic
distortion (THD) as a result of connecting a CFL
is examined. FUTINA 11 W and FUTINA 15
W CFL circuits were implemented via simulation
and experimentation to investigate their associ-
ated THDs and other characteristics. Thus, the
electronic ballasts of the CFLs are implemented.

Additionally, the use of the electronic ballast in
the CFLs design lends credence to their energy-
saving capabilities and the ease of eliminating
possible light flickering effects. Electronic bal-
lasts also aid versatile lamp control and help miti-
gate the impact of start-up vibrations in the CFLs
[4]. Also, the replacement of magnetic ballasts
with electronic ballasts has led to enormous sav-
ings in energy [5, 6]. For example, an average of
14 Watts is saved for the fluorescent tubes of 36
Watts, and 7 Watts savings have been observed
for the fluorescent tubes of 18 Watts [7, 8]. Fur-
ther to this, the reliability of the electronic ballast
could be traceable to their ages [9]. The more time
it spends in active service, the lower its chances
of failing. Hence, the first six months may be re-
garded as the incubation period for the electronic
ballast.

In the works of literature, a few analyses of
the electronic ballast have been presented [10,
11]. Most of such analyses were streamlined and
lacked adequate information to understand its
working principles fully. Toward this end, the
need to present a rigorous analysis of the elec-
tronic circuit of the ballast becomes imperative.
Thus, this paper aims to present a robust analy-
sis of the electronic ballast circuits, emphasizing
the DC and AC characteristics. The main contri-
butions of this paper are as follows;

1. An extensive experimental and simulation
analyses of the electronic circuits of two
CFLs model YPZ220/11-BMSP RR/RDD and
YPZ220/15-BMSP RR/RDD.

2. Comparison of the selected CFLs model
(YPZ220/11-BMSP RR/RDD and YPZ220/15-
BMSP RR/RDD) to evaluate their electrical
characteristics.

3. Application of a function-based programming
paradigm to write codes in MATLAB to de-
velop a graphical user interface (GUI). This
is designed using MATLAB graphical user in-
terface development environment (GUIDE).

4. The analyses of the current and voltage wave-
forms of the CFLs were carried out in the
spectral domain and the simulated results
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were compared with the experimental mea-
surement.

The remainder of this paper is organized as fol-
lows. Section 2 reports the related work. Section
3 presents the materials and methods. Section 4
presents the results and discussions. Finally, the
conclusion to the paper is given in Section 5.

2. RELATED WORK

In the existing works of literature, several re-
searchers have presented investigations on the
characteristics of CFLs. Some of these works ex-
amined the potential benefits and prospects of the
CFLs while others assessed the various degrees
of hazards posed by the CFLs [12-19]. Specifi-
cally, the work in [12] compares the CFL and in-
candescent lamps in the field of life cycle assess-
ment (LCA). Similarly, a comparative analysis be-
tween the compact fluorescent lamps and conven-
tional filament lamps is presented in [13]. In [14],
a novel self-oscillating Class E ballast from a de-
sign point of view was proposed. Furthermore,
laboratory tests were performed on more than
23 brands of CFLs to understand their electrical
performances in [15]. Additionally, a frequency-
domain harmonic model for the CFL was proposed
in [16]. Furthermore, the feasibility of causing
physical harm through the explosion of CFLs to
home occupants was conducted through the ex-
ploitation of the home automation system [17]. In
[18], spent compact fluorescent lamps were char-
acterized to determine the distribution of mer-
cury. Additionally, exposure analysis of the acci-
dental release of mercury from compact fluores-
cent lamps was investigated in [19].

It is worthy of note that the harmonic distor-
tion characteristics of CFLs on electrical distribu-
tion systems are evaluated and analyzed by Khan
et al. [20]. The CFL penetration levels in terms
of their harmonic distortions under varying con-
ditions were determined. The Electro-Magnetic
Transients Program (EMTP) was used to evalu-
ate the harmonic cancellation effects. The char-
acteristics of the frequency response and the dis-
tribution system were examined as well. The
EMTP simulations created models using the fre-
quency versus the applied loads on the system
frequency response characteristics. Results ob-
tained showed a correlation of CFL current dis-
tortion levels with their penetrating abilities. Ac-
cording to Dalla Costa et al. [21], losses on an
electronic ballast are tested to ascertain its per-
formance, using eight different ballast topologies.
The losses at the various points across the ballast
with or without a PFC filter or oscillating driver
were evaluated. Waveforms from the ballast were
used to assess the losses, performance, and pre-
ventive actions to reduce the losses.

Furthermore, the electronic ballast circuit of a
dimmable compact fluorescent lamp is designed
and developed by Tam et al. [22]. The work aims
to address the compatibility issues attributed to
triac dimmers and achieve an acceptable low-cost
electronic ballast. To arrive at the final dimmable
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circuit, different topologies and operational modes
were evaluated. A 16W dimmable prototype was
simulated using Spice to derive the required com-
ponents parameters and values. With this, a low-
cost design was achieved, and it passed the com-
patibility test with traditional dimmers. How-
ever, the dimming operations of this model are
not dependent on the voltage control mechanism.
In Parsons et al. [23], the environmental im-
pact in terms of the strengths and limitations
of CFLs and Incandescent Lamps in the Aus-
tralian environment is investigated. The chem-
ical/gases (mercury, lead, phosphor, and argon)
components of the lamps were hazardous to the
Australian environment. Further, a comparison
of the environmental impact of both lamps was
represented on bar and pie charts, respectively.
The harmonic distortion effects, low power factor,
and electromagnetic interference associated with
these lamps were highlighted.

Additionally, the behavioral pattern of CFLs
current and voltage waveforms using 12 CFLs
samples is investigated by Cunill-Sola and Salichs
[24]. The goal is to study the distortion level and
impact of each current waveform on the quality
of the voltage waveform. The PSpice simulation
program was employed to model and simulate the
behavior of the electrical waveforms. A compari-
son of actual measurements and simulated values
was carried out to validate the negative impact of
current waveform distortion on the voltage wave-
form. The lamps harmonic decomposition and dis-
tortion percentages were observed. However, the
study did not consider CFLs above 25W.

In another related study, a single-stage high-
power-factor electronic ballast designed for a
Compact Fluorescent Lamp is reported by Lam
and Jain [25]. This was achieved using an
electronic ballast that operates at a higher fre-
quency of above 25kHz and includes a power-
factor-correction component on a 13W CFL. The
harmonics, current, and voltage analysis, among
others, for the proposed circuit was reported. The
current and voltage waveforms were plotted and
analyzed, and the proposed circuit was simulated
using PSIM 7.0 software. Also, the behavior of
the lamp at the preheat and ignition stages was
analyzed. Theoretical analysis is replicated with
mathematical derivations using the applied cir-
cuit parameters. Results showed that the de-
sired power factor and efficiency were achieved.
However, some of the circuit components were as-
sumed to be lossless, which may not hold in most
practical scenarios.

In Matvoz and Maksi¢ [26], the negative impact
of CFLs harmonic currents and voltages on the
electric power network is investigated. Eight (8)
samples of CFLs were used for the study to mea-
sure the parameters of different power functions
and harmonic currents. These parameters were
used to develop a model, which was simulated us-
ing the PSCAD program, considering two scenar-
ios (incandescent light bulb and CFLs) for com-
parison. The purpose of the harmonic analysis
of the voltages is to determine the potential im-
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pact of the CFLs on the tested power network. The
work showed that dealing with the harmonics in
electric power networks is cost-prohibitive. An ex-
tensive assessment of the environmental impact
of CFL and Incandescent lamps is presented by
Ramroth [27]. The work used the Life-Cycle Anal-
ysis (LCA). This involves “cradle-to-grave” analy-
sis of both lamps, comparing their physical, chem-
ical components, and intrinsic features. Addition-
ally, Matvoz and Maksi¢ [28] compared the impact
of light-emitting diodes (LED) lamps on a simu-
lated distribution system with that of the CFLs
on the system. Several samples of the LED lamps
were tested on the electricity network. PSCAD
software was used to simulate the LED measure-
ments under different load conditions. These in-
clude active power from the high voltage (HV) net-
work, reactive power, power factor, and total har-
monic distortion (THD). Results showed a simi-
larity of reducing network losses among others.
However, not all the lamps were consistent with
the harmonic measurements. Additionally, the
high cost of providing a medium or low voltage
(MV/LV) transformer for harmonics control could
pose a significant setback to the practical applica-
tion of the proposed scheme.

Similarly, electronic ballast with a passive
valley-fill power factor correction component is
proposed for CFL Lightings by Lam, Pan, and
Jain [4]. A passive power-factor correction compo-
nent was included in the electronic ballast. The
electronic ballast shows a high cost of production
and very large. The characteristics and analysis
of each stage of the ballast were analyzed. Cir-
cuit variables and parameters were processed in
MATLAB, and the proposed circuit is simulated
using PSIM 9.1 software. A built prototype en-
abled the simulation test and results. Each stage
of the proposed electronic ballast was mathemati-
cally presented. Results obtained from the exper-
iments and simulations affirmed the importance
of the proposed circuit. However, the PFC compo-
nent tends to induce a high lamp current.

The technical requirements for achieving a low-
cost electronic ballast using simple control circuits
and implementing simple circuit topologies are re-
ported by Ribarich and Ribarich [29]. Although
the various parts of the electronic ballast are high-
lighted, the focus is on the control circuit. Two
electronic ballasts with PFC of 54W and without
PFC of 26W were designed and compared. Results
indicate that both PFC and non-PFC electronic
ballast performed optimally. However, PFC cir-
cuits tend to add to the cost, energy consumption,
and electronic ballast size. The harmonic distur-
bance in electronic ballast is modeled using the
EMTP/ATP program for CFLs by Oramus, Smu-
gala, and Zydron [30]. The work investigates the
impact of high harmonics from CFLs on distribu-
tion systems. Eleven samples of CFLs harmon-
ics pattern and behavior on current waveforms
were analyzed, and a model of the CFL is gen-
erated from the EMTP/ATP program for compar-
ison. The measured and calculated waveforms
showed similarity in behavior. However, the de-
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Figure 1: General circuit diagram pattern for the CFL electronic ballast.

veloped model shows limited applications in high-
voltage distribution systems.

The need for PFC in CFLs and LEDs to com-
pensate for lagging power factor of below 0.64 and
total harmonic distortion of over 136% in light-
ing applications is presented by Revelo-Fuelagan
[31]. This is achieved by adding a PFC controller
to the CFL electronic ballast and the circuit of the
LED with a hysteretic control. The PFC analysis
for the CFL and LED is done using numerical sim-
ulations and experimental results for validation.
Other parameters considered for the CFL are the
switching times with and without PFC. For the
LED lamp, the simulation results were obtained
using PSIM software, and the prototype provided
the experimental result. Providing the economic
benefits of low-cost, low power consumption, and
small PFC controller was achieved for both lights.
However, achieving an accurate signal flow was
practically difficult in the prototype.

The preceding literature revealed that the anal-
ysis of the current and voltage waveforms in the
spectral domain for the CFLs had not been given
adequate coverage. Thus, this study aims to fill
this gap. The goal is to analyze the current and
voltage waveforms in the spectral domain via com-
puter simulation and compare the results with
experimental measurements. The materials and
methodology are described in Section 3 of this pa-
per.

3. MATERIALS AND METHODS

The materials and methods used in the circuit
analysis are presented in this Section. The ma-
terials used are presented in Section 3.1, and the
methodology is described comprehensively in Sec-
tion 3.2.

3.1. Materials

The materials used for this study comprise the
CFL electronic ballast, the EMI filter, the recti-
fier circuit, the power factor correction circuit, the
half-bridge resonant circuit, and the control unit.
These are briefly described as follows.
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3.1.1. The CFL electronic ballast

The essential components of an electronic bal-
last are the EMI filter, rectifier, PFC, half-bridge
resonant output, and control unit, as illustrated
in Fig. 1. Other useful components are embed-
ded in the five essential parts. It is estimated that
an average CFL will yield a brightness of 63.735
lumens per watt while an average IL will yield a
brightness of 14.5 lumens per watt. This implies
that the 11 W CFL will replace 50 W IL and 15
W CFL will replace 65 W IL. In general, a CFL
e-ballast follows the same circuit arrangement as
shown in Fig. 1. A small resistor (FUTINA 11 W),
up to 22 &, or a fuse (FUTINA 15 W) is usually
connected in series between the AC source and the
electromagnetic interference (EMI) filter circuit to
limit overload and short-circuit current. The EMI
filter circuit reduces the electromagnetic interfer-
ence from the input. It is mostly implemented
with an inductor in series and a capacitor in par-
allel. The full-wave bridge rectifier circuit is used
to convert AC to DC. It consists of four P-N junc-
tion diodes. The DC filter is usually done filter a
polarized capacitor connected in parallel with the
output of the full-wave rectifier for filtering pur-
poses. Thereafter, an inverter circuit using two
NPN bipolar transistors is used as the inverter
circuit. The transistors create a high-frequency
square wave AC signal. A choke is usually con-
nected to the output of the inverter to increase
the voltage at starting time to about 1000 V. Once
the CFL bulb is on, the voltage across the CFL
decreases to about 230 V, and the current flows
into the CFL decreases accordingly. The voltage
source can be modeled using Eq. 1. Further ex-
planations on the circuit components are given in
Sections 3.1.2 — 3.1.6.

V =Vosin@2rft +¢) (1)

where Vj is the peak voltage amplitude in volts; f
is the frequency in Hertz; ¢ is the time in seconds
and ¢ is the phase shift in radians. The peak volt-
age (Vp) can be expressed with Eq. (2).

VO = Vrms \/§ (2)
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The DC voltage after rectification is the peak volt-
age less voltage drop. A full-wave bridge recti-
fier that uses four NPN junction diodes were used.
During the positive cycle of the AC voltage, the
voltage passes through two diodes. Similarly, dur-
ing the negative cycle of the AC voltage, the volt-
age passes through the other two diodes. There-
fore, the voltage drop can be expressed with Eq. 3.

Vdrop = 2Vf (3)

V¢ is the forward voltage of each diode. This im-

plies that the DC voltage can be expressed with
Eq. 4.

Vae=Vo— Vdrop (4)

3.1.2. The EMI filter

The EMI filter blocks off any existing electro-
magnetic interference (EMI). EMI can either be
conducted or the radiated type. When noise trav-
els through electrical conductors and wires, it
is called conducted EMI. Radiated EMI entails
traveling through a free space or air interface.
In other words, the EMI filter circuit suppresses
EMI interference induced by conduction and ra-
diation. For the electronic ballast, the problem
of electromagnetic compatibility is to prevent the
high-frequency signal conducted out through the
power line and interferes with the operation of
other electrical equipment. The EMI filter cir-
cuit is composed of a capacitor, an inductor, and
a resistor. It can also be called radio-frequency
interference filters. It is a passive two-way cir-
cuit consisting of the power supply (line) and the
load. EMI filter is an impedance matching circuit.
The greater the impedance adaptation between
the input and output sides of the EMI filter and
the power supply and load side, the more effective
the attenuation of electromagnetic interference is.
The filter can effectively filter out the frequency of
a specific frequency band in the power line or the
outside frequency to obtain a particular frequency
or eliminate the power signal after a specific fre-
quency point.

3.1.3. The rectifier circuit

The rectifier is the main component responsible
for AC power to DC power conversion. It is made
up of diodes.

3.1.4. Power factor correction circuit

The Power Factor Correction (PFC) circuit is re-
ferred to as the valley-fill circuit. Losses can be in-
evitable due to the introduction of the Power Fac-
tor. Power Factor Correction is achieved by in-
creasing the charge time of capacitors. The con-
nection of many electronic ballasts to AC mains
increases the total peak current. It becomes a
significant problem because of higher power line
losses, higher-capacity power delivery equipment,
and wasted electricity and voltage fluctuations.
The Power factor correction circuit (PFC) is re-
quired to “correct” these loads to have a high-
power factor, more resistive, and require lesser
peak currents.
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3.1.5. Half-bridge resonant output
It converts DC to square waved voltage with
high frequency ranging from (20KHz to 80KHz).

3.1.6. Control unit

This controls the voltage and current across and
through the CFL.

3.2. Methodology

The methodology used in the electronic ballast
circuit analysis is described in this section. The
various compositions are described in Sections
3.2.1-3.2.7.

3.2.1. Compact fluorescent lamps

The selected CFLs are the YPZ220/11-BMSP
RR/RDD and YPZ220/15-BMSP RR/RDD Futina
products from China. Their circuits were ana-
lyzed by identifying each component with their re-
spective values. The digital multimeter was used
to test the condition of the lamps’ components and
measure the output voltages of the power supply.
After that, the 11W and 15W circuits analyses and
modeling were carried out in MATLAB, a Math-
works Incorporated product. The 15W CFL was
also simulated using Multisim software for the
comparison of results. Two FUTINA CFL lamps
were selected for the electronic ballast analysis
based on availability and cost-efficiency. The elec-
tronic ballast of the 11W and 15W CFLs is as
shown in Fig. 2(a).

3.2.2. Circuit analysis

The following data was collected for analysis.
DC and AC waveforms, harmonics waveforms,
voltage, current waveforms, line current at rated
voltage waveforms, active power by varying the
supply voltage graph, and power factor (PF) vary
the supply voltage harmonics current spectrum in
percentage with different power ratings.

3.2.3. Electronic circuit testing

The testing and simulation were done with
MATLAB and Simulink, and a digital multimeter.
The electronic circuit diagrams of the tested 11W
and 15W CFLs are given in Fig. 2(b) and Fig. 2(c),
respectively.

3.2.4. Experimental measurements

We collected voltage and current waveforms of
two different CFL lamps. The first lamp is an
11W Futina lamp, while the second is a 15W
Futina lamp. Each lamp is connected to a 220V
AC source. The voltage and current reading are
measured with a caliper clamp multimeter and
recorded at a 5 seconds interval. The total records
for each lamp are 102.

3.2.5. MATLAB/Simulink implementation

The electronic circuits of the selected CFLs
(YPZ220/11-BMSP RR/RDD and YPZ220/15-
BMSP RR/RDD) and their chosen components
comprising of resistors, capacitors, inductors,

diodes, and transistors with their specified values
were modeled and simulated in MATLAB. The
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(b) Circuit Diagram of the 11W CFL

230V AC
n1 Win
(@] @]

(c) Circuit Diagram of the 15W CFL

Figure 2: (a) Electronic Ballast of the 11W and 15W CFLs; (b) Circuit Diagram of the 11W CFL; (c) Circuit
Diagram of the 15W CFL.

Nigerian Journal of Technology (NIJOTECH) Vou. 40, No. g, May 2021.



ANALYSIS OF THE ELECTRONIC CIRCUITS OF 11W AND 15W COMPACT FLUORESCENT LAMPS 507

Table 1: Basic parameters of the tested CFLs.

S/N Model Power (W) Luminous Flux (Im) Colour (K) Base Type
-01 220/11- 11 550 6400 22
CFL-02 YPZ220/15-BMSP RR/RDD 15 750 6400 B22
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(a) 11W CFL MATLAB/Simulink implementation
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(b) 15 W CFL MATLAB/Simulink implementation
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Figure 3: (a) 11W CFL MATLAB/Simulink implementation; (b) 15 W CFL MATLAB/Simulink implementation
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basic parameters of the tested CFLs are given in
Table 1. The MATLAB/Simulink implementation
for the FUTINA 15 W CFL and FUTINA 11 W

CFL are shown in Figs. 3(a) and 3(b), respectively.

3.2.6. Software development

In this work, we developed an application
in MATLAB. The application has a graphical
user interface (GUI) designed using MATLAB
graphical user interface development environ-
ment (GUIDE). A function-based programming
paradigm is used in writing the codes with MAT-
LAB version R2016A. The application GUI allows
a user to import signal data in an excel file into
the application. There is no limit to the number
of unique CFL data that can be imported. Each
CFL data should be in a separate excel sheet. The
application makes it easy to filter each CFL data
or compare them. Well-labeled graphs are gener-
ated with the click of buttons. Figure 4 shows the
interface of the application.

3.2.7. Signal filtering

To remove the noise in the voltage and current
waveforms, a fast Fourier-transform is applied.
Fast Fourier-transform converts the signal from
a time domain into a frequency/spectral domain.
The next step is to compute the spectral-domain
signal amplitude and fix all amplitudes less than
95% to zero. After filtering the spectral signal,
an inverse Fourier-transform is applied to obtain
the filtered time-domain data. Figure 5 shows a
flowchart description of the filtering process. The
results and discussions of the circuit analyses are
given in Section 4 of this paper.

4. RESULTS AND DISCUSSION

In this section, the results of the electronic cir-
cuit analysis are presented. First, the experimen-
tal results are reported in Section 4.1 and the
Simulink model results of the CFL circuits are
given in Section 4.2. Last, the results are dis-
cussed in Section 4.3 of this paper.

4.1. Results of the Experimental CFL Cir-
cuits Analysis

The results of the electronic circuit analysis of
the two CFLs are presented in this section. Figure
6(a) gives the 11W and 15W Voltage Waveforms,
and Fig. 6(b) shows the 11W and 15W Current
Waveforms. Fig. 7(a) represents the Harmonic
Voltage Spectrum of the 11W and 15W CFLs, and
Fig. 7(b) shows the harmonic current spectrum of
the 11W and 15W CFLs. Further, a comparison
of the original voltage waveforms with the filtered
waveforms is given in Fig. 8(a). Additionally,
a comparison of the original current waveforms
with the filtered waveforms shown in Fig. 8(b).
These results are briefly discussed in section 4.2.
The filtered signals in Figs. 8(a) and 8(b) can be
expressed in Eq. (5) and (6) for the voltages and
currents, respectively.

V11 =217.89-0.4878cos(27 x 0.00196 x ¢)  (5a)
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V15 =217.47-0.9535sin(27 x 0.00196 x ¢t)  (5b)

I11=0.2957+0.0076sin(27 x 0.0157 x t) (6a)

I15=0.20137+0.011239cos(27 x 0.00784 x t) (6b)

4.2. Simulink Model Results of the CFL Cir-
cuits

In this section, the Simulink model results of
the CFL circuits are presented. First, the 11W
CFL source response is given in Section 4.2.1 and
the 15W CFL source response is presented in Sec-
tion 4.2.2.

4.2.1. The 11 W CFL source response

The results for the 11W CFL source response
are presented in this section. Figure 9(a) gives
the source voltage for the 11 W CFL. Figure 9(b)
provides the source current for the 11 W CFL,
and Figure 9(c) shows the zoomed source current
waveform for the 11 W CFL during running.

4.2.2. The 15 W CFL source response

The results for the 15 W CFL source response
are presented in this section. Figure 10(a) gives
the voltage supply waveform for the 15 W CFL.
Figure 10(b) shows the output voltage of the full-
wave rectifier for the 15 W CFL. Figure 10(c) pro-
vides the source current waveform for the 15 W
CFL. Figure 10(d) shows the source waveform for
the 15 W CFL during the running stage. Fi-
nally, Figure 10(e) gives the zoomed source cur-
rent waveform of the 15 W CFL during the run-
ning stage. Finally, the performance comparison
of the tested 11W and 15W CFLs is given in Table
2.

Table 2: Performance comparison of the investigated
11W and 15W CFLs.

Parameter 11 WCFL 15 W CFL
Percentage THDV 2.908% 0.001%
THDV (dB) 0.249  9.069 x107
Percentage THDI 18.345% 98.404%
THDI (dB) 1.463 5.951
Time to steady-state (ms) 5 5

4.3. Discussion of Results

In the preceding section, the experimental and
simulation results of the electronic circuits anal-
yses are presented in Figs. 6 — 10. In particu-
lar, Fig. 6(a) shows the voltage waveforms of both
11W and 15W lamps. As seen in Fig. 6(a), both
lamps have similar waveforms after 300 seconds.
Fig. 6(b) represents the current waveforms of the
11W and 15W lamps. It is clear from Fig. 6(b)
that the 11W lamp has a higher amplitude than
the 15W lamp. Fig. 7(a) shows the voltage wave-
forms in the spectral domain. It is clear from
Fig. 7(a) that the maximum voltage amplitudes
for both 11W and 15W CFLs are the same. The
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maximum voltage amplitude is 218V. Fig. 7(b) dis-
plays the current waveforms in the spectral do-
main. The maximum amplitude of the 11W CFL
is 0.3 A, while the maximum amplitude of the 15W
is 0.2 A. The filtered signals in Figs. 8(a) and 8(b)
were expressed in Eqs. (5) and (6) for the voltages
and currents, respectively. Specifically, Eqs. (5)
and (6) show that the voltage frequency (0.00196)
of both CFLs are the same, whereas the current
frequencies are different. This indicates that the
wattage of a CFL does not affect the frequency of
its voltage waveform. The frequency of the 11W
CFL current (0.00157) is higher than that of the
15W CFL current (0.00784). This indicates that
the higher the CFL wattage, the lower the fre-
quency of its current waveform.

Figure 9(a) shows the source voltage response
of the 11 W CFL. Similar to the 15 W CFL in
Figure 10(a), there is little or no THDV in the
source voltage. The THDV is 0.249 dB. This is
2.908% higher than the fundamental component
or 102.908% of the fundamental component. Also,
the peak voltage is 325.3 V. Similar to the 15 W
CFL in Fig. 10(c), the starting current is signifi-
cantly higher than the running current as shown
in Fig. 9(b). As expected, the starting supply cur-
rent of about 0.43 A is less than 1 A for the 15
W CFL. Also, the spike on the current waveform
of about 20 mA is greater than the normal op-
erating current of 2.2 mA as shown in Fig. 9(c).
It can be observed that the operating current of
11 W CFL is greater than that of the 15 W CFL.
This is due to different values of the mutual induc-
tances of the transformer used and the resistances
of the CFL coiled tube. The total harmonic distor-
tion for the current (THDI) is 1.463 dB. This is
18.345% higher than the fundamental component
or 118.345% of the fundamental component.

Figure 10(a) shows the source voltage waveform
when the 15 W CFL load is connected. It can be
seen that little to no imperfections are observed
on the waveform. The total harmonic distortion
for the voltage (THDV) for the 15 W CFL is 9.069
x107% dB. This is 0.001% more than the funda-
mental component or 100.001% of the fundamen-
tal component. It can be seen that the maximum
voltage is 325.3 V using Eq. (2). Figure 10(b)
shows the DC voltage which is the output volt-
age of the full-wave bridge rectifier. The value is
323.9 V which is about 1.4 V less than the peak
voltage as a result of the voltage drop across the
diodes as explained in Eq. (4) and the EMI cir-
cuit which was implemented before the rectifier
circuit. Additionally, the choke increases the in-
put current into the CFL load during the starting
stage of the CFL, as noted in Section 3.1.1 of this
paper. As shown in Fig. 10(c), the supply current
is greatly higher during starting (about 1 A) until
around 5 ms when the current stabilizes. Figure
10(d) shows current spikes of up to 48 mA which
is higher than the normal operating current of
3.3uA as shown in Figure 10(e). The total har-
monic distortion for the current (THDI) is 5.951
dB. This is 98.404% higher than the fundamen-
tal component or 198.404% of the fundamental
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component. Additionally, results indicate that the
major contributor to the THDI occurs during the
start-up stage of the CFL. Finally, Table 2 com-
pares the implemented 11 W CFL and 15 W CFL.
It can be seen that the major difference between
the two CFLs is the current total harmonic distor-
tion (THDI). Therefore, it can be deduced that the
THDI increases with an increasing rated power
of the CFL or the aggregation of a number of the
smaller rated CFLs.

5. CONCLUSION

In this study, analyses of the electronic cir-
cuits of 11W and 15W Futina compact fluores-
cent lamps (CFLs) have been presented. The ex-
isting literature works revealed that the analysis
of the current and voltage waveforms in the spec-
tral domain for the CFLs had not been given ad-
equate treatment, and there is a need to fill this
gap. Thus, the need to present a rigorous anal-
ysis of the electronic circuit of the ballast is not
out of place. The goal is to analyze the current
and voltage waveforms in the spectral domain and
compare the results with experimental measure-
ments. To achieve this goal, a GUI was devel-
oped in MATLAB for the CFLs circuits analy-
ses. Experimental and simulation analyses of the
electronic circuits of the CFLs model YPZ220/11-
BMSP RR/RDD and YPZ220/15-BMSP RR/RDD
were carried out to evaluate their electrical char-
acteristics. Additionally, simulation analysis of
the current and voltage waveforms in the spec-
tral domain was presented and the results are
compared with the experimental measurements.
Generally, results show that the CFLs featured
fairly distinct electrical characteristics. In par-
ticular, the 11W lamp consistently has a higher
amplitude than the 15W lamp. However, both
lamps show similar waveforms after 300 seconds.
The maximum voltage amplitudes for both 11W
and 15W CFLs are reasonably the same, reach-
ing a peak value of 218V. Additionally, the current
waveforms in the spectral domain gave a maxi-
mum amplitude of 0.3 A for the 11W CFL and 0.2
A for the 15W. Finally, the major difference be-
tween the two CFLs is the current total harmonic
distortion (THDI). The THDI increases with in-
creasing rated power of the CFL or the aggrega-
tion of a number of the smaller rated CFLs. Fu-
ture work would focus on analyzing the harmonic
characteristics and modeling of the Compact Flu-
orescent Lamps.
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