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Abstract: This paper assesses the reliability of a FIL (Fedan Investment Limited) Universal mobile

charger used in Nigeria. The Part Stress Method was used to determine the reliability of the system. Data

on the failure rate of the various system components were used, with special consideration given to factors

like environment of use, quality of power supply and service personnel, A comparative assessment was

made on the reliability of the system in the operating environment (Nigeria) and when operated within

the environment for which it was designed (China). The result shows that the system is more reliable in

the design environment than the applied one. The ratio of the failure rate is 1:5, to the advantage of the

design country. The average time it will take the system to function before it starts failing (MTTF) is 5:1

to the advantage of the design country. This is attributed to environmental stresses, poor quality of utility

and others which are associated with the operating environment.    
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INTRODUCTION

The universal mobile charger, is an electronic

system which produces a dc output that is compatible

for charging batteries of most mobile phones. This

model takes an ac input of 100V-240V (frequency

50/60Hz) and supplies a dc voltage output ranging

from 2.8V-8.7V with a maximum current of 250mA. 

All mobile phones designed and branded come

with their unique charger. However, situations arise

where the branded charger develops fault and the

product is rarely found in the market. The universal

charger can serve the purpose, or sometimes the mobile

phone may develop fault at the charging point and the

remedy to this situation is either repair or make use of

mobile charger.

The system (universal mobile charger) has a

suitable reliability for the environment which it was

designed - China. However, it is necessary to

determine the degree to which it could relied upon in

the applied environment - Nigeria.

Reliability: Reliability can be defined as the

probability that a system would perform a required

function, under given conditions, for a stated period of

time, usually a thousand hours (1000hrs) or million

hours. This requires the understanding of the

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]

Method of Reliability Assessment: In practice, there

are two methods that are used to make reliability

estimates:

a Part count method.

b Part stress method.

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 system is based

on the number of different parts, quality level and

application environment . The aim in both cases is to[2]

determine the failure for a given system operating in a

specific environment. However, the part stress method

is a better method of 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 universal

mobile charger.  

Mode of Operation of the Universal Mobile

Charger: The universal mobile charger has the ability

to accommodate any type of charging any mobile

phone battery. Its portability permit the ease with

which it can be carried along. 

The mobile charger has a circuit consisting of a

chopper transformer which steps down    the input

voltage. The voltage regulator circuit which include the

2, 1 2zener diode Z  transistor Q ,(NPN)and resistor R ,helps
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to maintain a fixed voltage through the load despite

2variations in terminal voltage. The transistor Q  and

3 resistor R serves as an amplifier in which the output

current flows during the entire cycle of input signal.

The pulsation or fluctuations present in the output

voltage are filtered by the R-C filter consisting of

5 3 4resistor R , capacitor C  and resistor R .[3]

Once the mobile phone battery is connected to the

2 charger, the light emitting diode LED is energized and

emit a constant red signal indicating good contact

between the charger and the battery.

The battery will run down if the charger is not

connected to an ac source after a period of time. This

is so, because the battery is supplying a direct current

2to energize the LED  and hence discharging.

Immediately is being connected to an ac source the

1light emitting diode LED  is energized and displaying

various signal colors during the entire circle of input

1signal indicating the battery is charging. The LED

5utilizes the charge stored in the capacitor C  for

continuous signal display.

MATERIALS AND METHOD

It is convenient to specify the reliability of

electronic equipment by some probability parameters

which give indication of the failure 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 Mean Time Before Failure (MTBF)

and The Mean Time To Failure (MTTF). 

Mean Time Before Failure: 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 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

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 consecutives failures. Hence

for the failure rate ë is the number of failures per unit

time, MTBF is given as

MTBF =1/ë          (1)

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

constant failure rate ë, the reliability R is given as: 

R = P(t) =           ( 2 )-ë t 

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

t is the specified period of failure free operation and

then:

ë = 1/MTBF =failure rate          (3)

Mean Time to Failure (M TTF): 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 nothing the number

of failure 

Equipment Failure Profile: Over the years, complex

equipment and component 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)

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

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

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 rats can only be reduced by

preventive replacement of these components. 
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Fig. 1: Universal Mobile Battery Charger Circuit

Fig. 2: Equipment failure rate
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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 rate are essential ingredients

for predicting the reliability. 

Equipment Availability: Equipment availability is the
probability that an equipment will perform its required

function at a sated 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 system is

m pdefined as the ratio of the operating time (t ) to the

m msum 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. Failure period Mathematically the utilization

factor U can be expressed as 

m axU   =  

If the idle time is equal to zero and the

maintenance time becomes as small as possible then
utilization factor will approach its maximum value and

can now be called availability of unit or system.
Mathematically this can be expressed as 

m axA = U  =        (2 .6 )

However the mean time before failure (MTBF) =

o pt  and the mean time to failure (MTTF) = t m (mm).
Thus

A =        (2.6)

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%

Reliability Assessment of Electronic Equipment: The

general  expression for the parts, stress method of
assessing reliability is given as 

G E A Q N     =  në  ð  ð  ð  ð

where

ië   = failure of the 4  partth

Gë  = basic failure rate obtained from derated data

for each generic part against normalized stress

and temperature factors

Eð  = accounts for the environment factors other
than temperature

Að  = account for secondary stresses (e.g vibration
shock etc)

Qð  = accounts for the degree of manufacturing
control

Nð  = accounts for nay 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 reduced to the expression below
based on the factors which described the

environment under consideration .[2]

This can be reduced to: 

1 n ë  = n  T K 

where 

I ë = the failure of the part 

n n = number of particular component  ë = 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 [4 ,5 ,6]

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

R = e-ë t

effWhere 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 ,6]

RESULTS AND DISCUSSION

Reliability Assessment of Universal Mobile Charger:
The criteria presented above will be used to asses the

universal charger in Nigeria and in the country for
which it was designed for (China). Hence, two failure

rats 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
system operating in the Nigeria environment. The

conclusion arrived at will be used to assess the
reliability of the system in the two environments. The

component parts of the system with the generic failure
rate which has taken care of the environment factors

and the application stress factor and the results of the
failure rates as shown in Table 1 below.
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Table 1: Failure Rate of the Components of Universal M obile Battery Charger in Series.

BD  B N  Deff N eff Circuit Description of Part Quantity Temperature T( C) K ë ë ë ë*

BdRef. (n) N D (10 ) (10 ) nTKë BNnTKë  -6 -6

2R 1 27 21 0.0343 0.0012 0.0032 0.00086 0.00296Film resistor

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

4R 1  27 21 0.0300 0.0012 0.0032 0.00076 0.00259Film resistor

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

5R 1 27 21 0.0314 0.0012 0.0032 0.00079 0.00271Film resistor

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

4C Electrolytic capacitor 1 27 21 0.2000 0.0110 0.0220 0.04692 0.1188

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

5C 1 27 21 0.2000 0.0036 0.0076 0.0154 0.04192Ceramic type

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

5C 1 27 21 0.2400 0.0036 0.0076 0.02333 0.04983Ceramic type

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

6C 1 27  21 0.2200 0.0036 0.0076 0.0214 0.0451Ceramic type

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

7C 1 27 21 0.2200 0.0036 0.0076 0.0214 0.0451Ceramic

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

3D Si, general purpose 1 27 21 0.400 0.0051 0.0360 0.0452 0.38882

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

1Z 1 27 21 0.0400 0.0160 0.0960 0.0173 0.1043Zener diode

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

2Z 1 27 21 0.0400 0.0160 0.0960 0.0173 0.1043Zener diode

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

3Z 1 27 21 0.0400 0.0160 0.0960 0.0173 0.1043Zener diode

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

1LED 1 27 21 0.0333 0.0340 0.1400 0.0236 0.1258Light emitting diode

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

2LED 1 27 21 0.0333 0.0340 0.1400 0.0236 0.0979Light emitting diode

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

1Q 1 27 21 0.0267 0.0170 0.1100 0.00953 0.0793Si, npn

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

2Q 1 27 21 0.0222 0.0170 0.1100 0.00793 0.0659Si,npn

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

IC CT3581 1 27 21 0.0084 0.0070 0.0290 1.2348E-3 6.5772E-3

TOTAL 0.2938E-6/hrs 1.9789E-6 /hrs

T(series)   1 2 nR =  R ×R ×… … … … … … … … … … … … … … .×R

TB D (series) TN D (series)  R   = 0.9567 = 95.67%                R =  0.7447 =74.47%

Table 2: Failure Rate of Components Universal M obile Battery Charger in parallel

BD  BN  D eff N eff Circuit Description of Part Quantity T( C) K ë ë ë ë*

BdRef. (n) N D (10 ) (10 ) nTKë BNnTKë  -6 -6

1R 1 27 21 1.8857 0.0012 0.0032 0.0475 0.1629FILM  RESISTOR

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

3R 1 27 21 1.8800 0.0012 0.0032 0.0474 0.1624FILM  RESISTOR

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

1C 1 27 21 1.6500 0.0110 0.0220 0.3812 0.9801ELECTROLYTIC CAPACITOR

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

2C 1 27 21 13.0000 0.0110 0.0220 3.003 7.722ELECTROLYTIC CAPACITOR

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

1D 1 27 21 2.2000 0.0051 0.0360 0.2356 2.1384Si, GENERAL PURPOSE

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

2D 1 27 21 2.2000 0.0051 0.0360 0.2356 2.1384Si, GENERAL P.

TOTAL 3.9503E-6/hrs 13.304E-6/hrs

T(parallel) 1 2 nR  = 1 –[(1-R )(1-R )… … (1-R )]

TB D (Parallel) TBN (parallel) R  = 0.99     R  = 0.99

TOTAL RELIABILITY: 

T1 TB D (Series) TBD (parallel) R   = R × R  =0.9567 × 0.99 = 0.9471 

T2 TB N (Series)  TB N (parallel)   R   =R × R  =   0.7447 × 0.99 =0.7372 

Table 3: Percentage Reliability  taken over five years.

Design Nigeria

Year 1 94.47% 74.47%

Year 2 89.69% 54.34%

Year 3 84.95% 40.06%

 Year4 80.46% 30.00%

Year 5 76.20% 21.77%

DeffSystem ë  =6.2044E-5/hrs

Neff =System ë 3.4805E-5/hrs
For the first year of operation, reliability of the charger

in designed environment is,

B DR (t) =  -ë t

B DR (t) =  where t =365days×24hrs =8760hrs -(6.2 0 4 4 E -6)t 

B DR (t) = 0.9471   =  94.71%

For the second year of operation, reliability of the
charger in designed environment is,

B DR (t) =       where t = 2×365days×24hrs-(6.2044E-6)t 
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B D  R = 0.8969  = 89.69%

 For the third year of operation, reliability of the
charger in designed environment is,

B D  R =       where t =3×365days×24hrs =-(6.2044E-6)t 

26280hrs 

B D   R  = 0.8495  =  84.951%
For  the 4  year of operation, th

B D    R   =   where t = 4×365days×24hrs-(6.2044E-6)t 

B D    R =  0.8046    =  80.46%

For the 5  year of operation,th

B D  R  =   where t = 5×365days×24hrs-(6.2044E-6)t 

B D  R  = 0.7620 =  76.20%.
For the 1  year of operation, reliability of the chargerst

in the applied environment is: 

B N  R  =   -ë t

B N   R  =    where t = 8760hrs-(3.4805E-5)t

B NR  = 0.7447 = 74.47%.

For the 2  year of operation: nd

B NR   =       where t  = 17520hrs.-(3.4805E-5)t

B NR   = 0.5434   =  54.34%. 

For the 3  year of operation:rd

B NR  =  where  t  = 26280hrs,-(3.4805E-5)t    

B N   R  =  0.4006 = 40.06%.
For the 4  year of operation, reliability of the chargerth

in applied environment is: 

B NR    = 30.00% for t = 35040hrs.
For the 5  year of operation: th

B N   R = 0.2177  =  21.77%, fo t  =43800hrs.

Thus:

D Deff   MTTF =  1/ë  =  1/6.494E-6  = 153988.2969hrs
=  153988.2969/8760 =  17.57 years

N   Neff     MTTF =  1/ë = 1/3.4805E-5   = 28731.5041hrs
= 28731.5041/8760=3.28years

D N RATIO = MTTF /MTTF    = 17.57/3.28  =  5:1

D eff NeffThe Ratio of the failure rates = ë /ë   = 6.494E-

6/3.4805E-5  = 0.2:1

Fig. 1: Reliability Graph taken over five years.

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.   A comparative assessment was

made on the reliability of the system when operated
within the environment for which it was designed

(China). The result shows that the system is more
reliable in the designed environment than the applied

one. The ratio of the failure rate is 1:5 to the
advantage of the designed country. The average time it

will take the system to function before it start failing
(MTTF) is 5:1 to the advantage of the designed

country. This is attributed to environmental stresses,

poor quality of utility and others which are associated

with this environment.    
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