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Abstract: This paper presents the reliability assessment of a CATA® Compact Electronic Fluorescent

lamp (also known as Energy Saver Fluorescent lamp). The part stress method was employed to assess its

reliability. Data on the generic failure rate of the constituent components of the system were used, with

special consideration given to factors like environment of use and quality of power supply. This study also

makes a comparative assessment of the reliability of the lamp in the environment for which it was

designed (China) with the local environment (Nigeria).
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INTRODUCTION

The compact fluorescent lamp is a miniaturized

fluorescent lamp with premium phosphors packaged
with an integral electronic ballast. It has the same

standard screw cap (E27) or bayonet cap (B22) base as
an incandescent lamp, such that the compact

fluorescent lamp may be mounted on a lighting fixture
that is used for an incandescent lamp. 

Compact fluorescents are being promoted as being
energy saving alternatives to incandescent lamps. A

Compact Fluorescent lamp outputs approximately five
times the lumens of an incandescent lamp of the same

wattage. For example, a 20 W Compact Fluorescent
lamp will produce a luminous flux of 1170 to 1210

lumens, equivalent to the luminous flux of a 100 W
incandescent lamp.  (Thus lighting with a 100W

incandescent lamp, a compact fluorescent lamp would
consume only a fifth (1/5 of the energy for the same

brightness).  They also have a much longer life - 6,000
to 20,000 hours compared to 750 to 1000 hours for a

standard incandescent.
The system (Compact Fluorescent lamp) has a

reliability for the environment for which it was
designed,  However, it  is necessary to determine the

degree to which it could be relied upon in the applied
environment-Nigeria.

Reliabilitly: Reliability is defined as the probability

that a system would perform required function under
given conditions for a stated period of time, usually a

thousand hours or a million hours. This requires the
understanding of probability and statistical concept, and

has, therefore, been found to be a very important tool
in forecasting the pattern of failure for systems and

hence, the reliability assessment of the system at
hand . [1]

Part Stress Method: This is one of the two methods

used in assessing the reliability of electronic equipment.

In the part stress method, the effect of the various

stresses on the actual hardware are put into

consideration, alongside with the environmental factor

and the quality of the utility, whereas, the part count

method of assessing the reliability of systems is based

on the number of different parts, quality level and

application environment. The aim in both cases is to

determine the failure for a given system operating in a

specific environment.

However, the part stress method is the better

method for assessing the reliability of an existing

system, based on the possibilities of considering

various stresses peculiar to the equipment in a specific

area of application, and as such could be relied upon

to assess the reliability of the CATA® Compact

Fluorescent lamp . [1]

The Compact Fluorescent Lamp: The fluorescent

lamp was the first major advance to be a commercial

success in small scale lighting since the tungsten

incandescent bulb. Its greatly increased efficiency

resulted in cool (temperature wise) brightly lit

workplaces (offices and factories) as well as home

kitchens and baths. 

Fluorescent lamps are about 2 to 4 times as

efficient as incandescent lamps at producing light at the

wavelengths that are useful to humans. Thus, they run

cooler for the same effective light output. The bulbs

themselves also last a lot longer - 10,000 to 20,000

hours vs. 1000 hours for a typical incandescent.

However, for certain types of ballasts, this is only

achieved if the fluorescent lamp is left on for long

periods of time without frequent on-off cycles. 
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Note: 

1. RF COILS L1. AND L3 WINDINGS OF A.H.F. CURRENT TRANSFORM

2. D1 - D4 AND D5 = IN4007

Fig. 1: Circuit of a Compact Electronic Fluorescent Lamp

Electronic ballasts are basically switching power
supplies that eliminate the large, heavy, 'iron' ballast
and replace it with an integrated high frequency
inverter/switcher. Current limiting is then done by a
very small inductor, which has sufficient impedance at
the high frequency. Properly designed electronic
ballasts should be very reliable. W hether they actual
are reliable in practice depends on their location with
respect to the heat produced by the lamps as well as
many other factors, such as temperature stresses. Since
these ballasts include rectification, filtering, and operate
the tubes at a high frequency, they also usually
eliminate or greatly reduce the mains (220/240 V,
50Hz) flicker associated with iron ballasted systems.
However, this is not always the case and depending on
design (mainly how much filtering there is on the
rectified line voltage), varying amounts of 200/240,
50Hz can still be present. 

These ballasts (low-power-factor type) have a full-
wave-bridge rectifier and a filter capacitor. Current can
only be drawn during the brief times that the
instantaneous line voltage exceeds the filter capacitor
voltage . [5]

The aim of using an electronic ballast is to
increase the operating frequency of the system above
the  50  or  60Hz  determined  by the mains -
typically to a few tens of Kilo Hertz. This has two
main effects:

C The gas in the tube does not have time to deionise
between current cycles, which lead to lower power
consumption (typically about 70% of that with
conventional ballast), longer tube life and almost
no flicker.

C The inductor required to generate a large enough

over voltage to ionise the tube is smaller, and so
generates less resistive losses, and the weight of
the system is reduced.
However, the electronic solution is more complex

and has a higher initial cost - although this will
eventually be paid back by the savings in energy.

The electronic ballast should perform two main
functions:

C First to provide the start-up ionisation energy, and
C Secondly to provide a constant RMS supply to the

tube in normal operation.

The most commonly used electronic drive circuits
for fluorescent lamps are voltage fed half-bridge quasi-
resonant circuits, current fed half-bridge resonant
circuits, and push-pull resonant circuits.

The Electronic Fluorescent lamp ballast in this
study consists of a push-pull resonant circuit.

Starting the Oscillation: The circuit(Figure 1.1)
oscillates due to the capacitors C3, and the inductance
of the high frequency current transformer. The inductor
L acts as a constant current source, maintaining the
resonant circuit in oscillation by feeding energy into it
to compensate for that absorbed by the load. The
oscillation is triggered by the high-value resistors R1
and R2, which pulls up the base-emitter voltage of the
transistors. Once the oscillation has started, and before
the lamp is ionised, the windings L1 and L3 generate
a current to heat the lamp filaments, while L2
generates the high voltage required to ionise the lamp
(the voltage it generates is high as it is effectively
connected across an open load).
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Steady-state Operation: Once the lamp is ionised, L3

provides the drive for the lamp. As the impedance of

the lamp has fallen, the voltage across S2 is much

smaller in this situation than in start-up. The voltage

across L1 and L3, and consequently the filament

currents, also reduce. Base drive for the transistors is

provided by means of feedback windings from the

output transformer. The collector-current spikes at each

switching event are caused by both transistors

conducting simultaneously - one in the forward

direction, and the other in the reverse, through the

collector-base diode . [6]

MATERIALS AND METHODS

It is convenient to specify the reliability of

electronic equipment by some probability parameters,

which give indication of the failure rate of such a

system, and does not depend on the operating time. By

using such parameters, it is possible to compare the

performance between different systems with different

operating periods. Two of such parameters that are

commonly used are the Mean Time Before Failure

(MTBF) and the Mean Time To Failure (MTTF) . [1]

Mean Time Before Failure (MTBF): Systems users

are usually concerned with the length of time that a

system will run without failure. This is a measure of

the reliability of such a system. For a repairable

system, the time before failure is the critical measure,

while for non-repairable systems, the time distribution

is exponential and the mean time before failure

(MTBF) is the mean average time before eventual

failure of the system. The MTBF can be obtained by

running a system for a predetermined length of time

under specified conditions. Calculating the average

length of time before failures could be seen as

exponential and MTBF is the mean time before

consecutive failures. Hence for the failure rate ë is the

number of failures per unit time, MTBF is given as

    1

MTBF = ----------- (2.1)

    ë

For a probability of survival P(t) and for a constant

failure rate ë, the reliability R is given as

R = Pt = e (2.2)-ë1

Where  P(t) = R is the reliability of the system

and t is the specified period of failure free operation

and then

    1

ë = ------------ = Failure rate (2.3)

 MTBF

Mean Time to Failure (MTTF): The Mean time to

failure MTTF is used for components or items that are
not repairable, e.g. filament bulbs, resistors, capacitors,

diodes, etc. which are disposed as soon as they fail, as
they are not repairable. MTTF can be obtained by

stressing a large number of components under known
conditions for a period of time and noting the number

of failures . [2]

Equipment Failure Profile: Over the years, complex
equipment and components have been found to follow

a familiar pattern of failure, which gas been well
documented. Hazard or failure rates have been

calculated for equal time interval from installation to
replacement. When the failure rate is plotted against a

time scale spanning the equipment life time, the
resulting graphic, popularly known as “bath tub” is

obtained as shown in fig. 2
It exhibits three distinct periods or zones; the

infant mortality period, the constant failure rate period
and the wear out period. Failure rate is usually

expressed in failure per hour (or failure per thousand
or million hours) . [1]

The Infant Mortality Period: This is the running-in

period. During this period, the failure rate has been
found to be high, due to other design or manufacturing

errors, misuse or misapplication of other identifiable
causes. It however falls off rapidly with operation.

Failures in this period can be avoided during product
development through the use of stimulated tests, or by

vigorous stressing during commissioning tests . [1]

Constant Failure Rate Period: This period follows the
running-in period. During this period, the failure rate is

lowest and is a function of the basic design. Failure
results either through accidents or poor operation or

maintenance and they can be reduced by good control
of operating and maintenance procedures. In this phase,

the MTTF is the reciprocal of the (constant) failure
rate . [1]

Wear out Period: This period manifests towards the

tail end of the equipment component life. During this
period, failure is due to old age; various components

are worn out, metals become embrittled, insulation
dries out and so on. Failure rates can only be reduced

by preventive replacement of these components . [1]

Generally in some systems, one or two of the

phases (usually the early failures and wear out failures)
could be further reduced or effectively absent.

Therefore, estimates for the parameters that affect the
equipment failure profile of the constituent components,

especially the length of the constant failure rate period
and the associated failure rates are essential ingredients

for predicting the reliability . [1]
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Fig. 2: Equimpment failure profile - Barhtub curve

Fig. 3: Reliability Graph taken over five years from the reliability assessment of the CATAA® Energy Save lamp.

 

Equipment Availability: Equipment availability is the

probability that an equipment will perform its required

function at a stated instant of time or over stated

period of time. Availability is a function of the

utilization factor (U). The utilization factor of a unit or

opsystem is defined as the ratio of the operating time (t )

m idto the sum of the maintenance time (t ), idle time (t )

which may occur between completion of maintenance

and the use due to administrative reasons, and the

operating time. Mathematically, the utilization factor U,

can be expressed as,

op            t

m axA = U ------------------------ (2.5)

m op(min)     t  + t
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Table 1: Failure Rate of the components of the CATA® Energy Saver Lamp.

BD BN D eff N effCIRCUIT DESCRIPTION QUANTITY T ( C) K ë ë ë  = ë  = o

REF. OF PART (n) --------------- (10-6) (10-6) nTKëBD nTKëBN

N D

R1 – R4 FILM  RESISTOR 4 21 27 2.45 0.0012 0.0032 0.24700 0.84672

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

L1 – L3 RF COIL (FIXED) 3 21 27 11.7 0.024 0.0380 17.69040 36.01260

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C1, C2, C4, C5 ELECTROLYTIC CAPACITOR 4 21 27 0.22 0.011 0.0220 0.20330 0.52272

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C3 CERAM IC TYPE 1 21 27 0.043 0.0036 0.0076 0.00325 0.00882

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

D1 – D5 Si, GENERAL PURPOSE 5 21 27 0.006 0.0051 0.0360 0.00320 0.02916

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Q1 , Q2 NPN, Si 2 21 27 0.200 0.017 0.1100 0.14280 1.18800

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CHOKE LOW POWER PULSE 1 21 27 0.044 0.003 0.0048 0.00277 0.00570

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PCB PRINTED CIRCUIT BOARD 1 21 27 1.200 0.0031 0.0280 0.07812 0.90720

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TOTAL 18.371E-6 39.521E-6

Table 2: Reliability Result

YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5

DESIGN 0.8514 0.7248 0.6171 0.5253 0.4472

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NIGERIA 0.7074 0.5004 0.3540 0.2504 0.1771

Table 3: Percentage of Reliability

YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5

DESIGN 85.14% 72.48% 61.71% 52.53% 44.72%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NIGERIA 70.74% 50.04% 35.40% 25.04% 17.71%

If  the  idle  time  is  equal  to  zero  and  the

maintenance  time  becomes  as  small as possible,

then  utilization  factor  will  approach   it’s

maximum value and can now be called availability of

a  unit or system. Mathematically, this can be

expressed as,

MTBF

A =  ------------------ (2.6)

MTBF + MTTR

However,  the  mean  time  before  failure

op(MTBF) = t , and  the mean time to failure (MTTF)

m (m in)= t . Thus

MTBF

A =  ------------------ (2.6)

MTBF + MTTR

Therefore, if the availability of an equipment is

given as 0.9, it means that the equipment is working

satisfactorily for 90% of the time, and under repair for

the remaining 10% . [1]

Reliability  Assessment of Electronic Equipment:

The general expression for the parts stress method of

assessing reliability is given as

i G E A Q Në = n ë  ð  ð  ð  ð

Where:

ië  = failure of the i  partth

Gë = basic failure rate obtained from derated data

for each generic part against normalized stress

and temperature factors

Eð = accounts for the environmental factors other

than temperature

Að = accounts for secondary stresses (e.g.

vibrations, shock, etc.)

Qð = accounts for the degree of manufacturing

control

Nð = accounts for any additional factor that has not

been taken care of above

n = number of particular component

For the scope of this work, the above expression

for the part stress method was reduced to the

expression below based on the factors which described

the environment under consideration.
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i Bë  = n ë  T K

Where:

ië = the failure of the i  partth

n = number of particular component

Bë = Base failure rate obtained from the derated

data for each generic part against normalized

stress and temperature factors

T = room temperature of the environment

K = voltage stress ratio

The failure rates of the regions under consideration

(Nigeria and the designed country) are summed up to

calculate the inherent system reliability. These failures

are constant and are best described by the exponential

distribution law for the useful operating region. Then

reliability of the equipment is given as

eff Where, ë  is the base failure rate. This expression

can be modified to account for change in failure rates

due to wide variation of operating voltages and high

surge frequencies, so that the real reliability can be

expressed as [1]

(2.7)

3.0 Reliability Assesssment of Energy Saver

Fluorescent Lamp (Cata® Compact  Fluorescent

Lamp): The criteria presented above will be used to

assess the CATA energy saver lamp in Nigeria and in

the country for which it was designed for, China.

Hence, two failure rates will be arrived at, as it is

applicable to the system operating in the environment

for which it was designed and a relative failure rate as

it will be applicable to the systems operating in the

Nigerian environment. The conclusions arrived at will

be used to assess the reliability of the system in the

two environments. The component parts of the Energy

saver lamp, with the generic failure rate which has

taken care of the environmental factors and the

application stress factor, and the results of the failure

rates as shown in Table 1 below.

Where: 

B Në  = Base failure rate of the system in

Nigeria

B Dë = Base failure rate of the system in

designed environment

T( C), N= Average room temperature of Nigeriao

T( C), D= Average room temperature of theo

designed environment

K = Voltage stress ratio

Neffë = Effective base failure rate for applied

environment

Deffë = Effective base failure rate for

designed environment

Thus: 

DeffSystem ë = 18.371 x 10-6 /hr

NeffSystem ë   = 3.7167 x 10-4 /hr

For the first year of operation, reliability of the

lamp in designed environment is,

but, for one year, t = 365

days x 24 hrs = 8760 hrs

Likewise, for the first year of operation, reliability

of the lamp in applied environment is,

 R = 0.7074 = +70.74%

Reliability assessment is obtained as above for a

duration of five years in Table 2 and Table 3 below.

The values of the Percentage reliability in Table 3 were

used in plotting the reliability graph over a five year

period, as shown in Figure 3.1.

Thus:

1    1     1

DMTTF  = ----- = ---------- x ------------- = 6.21Years

Deffë 18.371E-6    8760

1    1     1

NMTTF  = ----- = ---------- x ------------- = 2.90Years

N effë 39.521E-6    8760

Conclusion: In conclusion, the reliability results taken

over five years showed that the reliability of the

system follows the exponential decay function which

verifies the fact that the reliability of the system

decreases with time. Comparing the reliability for the

designed country with that of the applied environment

(Nigeria) showed that the reliability is smaller in the

latter than the former. The ratio of the MTTFs of the
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two environments is 2:1 in favour of the designed one,

and the ratio of the failure rate is 0.5:1, that is, it fails

in twice as faster in Nigeria – the applied environment.

This is attributed to environmental stresses, poor

quality of utility and others which are associated with

this applied environment.
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