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Abstract: The paper assesses the reliability of a Nokia 2610 mobile phone charger which was designed

and constructed for china environment, but used in Nigeria. The Parts Stress Method was used to assess

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 when operated within the

Nigerian environment and when operated within the environment for which it was designed for (China).

The result shows that the system fails 28 times in Nigeria as against once in China, hence validating that

a lower reliability level is associated with the use of the system in Nigeria than China.
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INTRODUCTION

The increased use of mobile phones and other

portable devices has lead to the use of rechargeable

power supplies for such devices, especially Lithium-ion

batteries. It is therefore important that reliable chargers

are designed. The adequate reliability of these chargers

is of paramount importance to prevent failures in the

use of the mobile phones.. Most of the chargers used

in Nigeria are imported from other countries like

China, Sweden, and Finland, and are not designed

specifically for use in the country, hence the need for

the reliability of the system at hand, so that the degree

to which it could be relied upon in the applied country-

Nigeria, could be determined.

Reliability: This is the ability of a system to perform

a specified function 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. The

reliability assessment is often carried out using part

stress or part count methods [1]

Part Stress Method: In the part stress method, the

effects of the various stresses on the actual hardware

are put into consideration, with the environmental

factor and the quality of the utility. The parts count

method (the other 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 .[1]

This is why it was the method of choice in assessing

the reliability of the charger.

System Description: The system under study is a

typical working charger used for a Nokia 2610 phone

and was manufactured by FWHK, China. The circuit

diagram is shown in Fig. 1, while system specifications

are given in Table 1. It consists of a small transformer

that steps down the voltage and half-wave rectifier to

convert the alternating current supply to direct current

(dc). The output then passes through a resistor-

capacitor filter. It uses discrete components like

resistors, capacitors, and diodes.

MATERIALS AND METHODS

Failure Rate (ë): This is the number of failures that

occur over a given period of time, usually 10  or 103 6

hours.

M ean Time before Failure (MTBF): The length of

time a system will run without failure is of importance

to the system users. For a repairable system, the time

before failure is the critical measure, while for non

repairable systems, the time distribution is an

exponential decay and the MTBF is the average of the

time a system will function before its successful

failure.  It is a measure of the reliability of the system.

It can be determined by operating the system for a

specified period of time under specified conditions.

Mathematically, MTBF is given as [6 ,7]
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                (2.1)

Taking system reliability as an exponential
decreasing function of failure rate, we have Reliability,

      (2. 2)

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

failure is used for non repairable components like
resistors, filament bulb, capacitors, and transistors and

so on. The MTTF can be obtained by stressing a large
number of components under known conditions for a

period of time noting the number of failures.[1 ,7]

Equipment Failure Profile: This is the plot of failure 

rate against time of equipment in service. The graph

for most equipment follow a common pattern known as
the ‘bath-tub’ as shown in Fig. 2. 

Three distinct stages could be seen from the figure,
though one or two stages may be reduced in some

equipment. .[7 ,8]

Infant Mortality Period:  This is the early stage of
equipment use. During the period, failure rate is

initially high and then decreases rapidly with use. This
is basically due to design/production errors or

misuse/misapplication of equipment at initial operation.
Failures can be reduced through the use of stimulated

tests, or vigorous stressing during commissioning tests.

Constant Failure Rate Period: This the next period in
which failure rate is at its lowest and constitutes the

useful lifetime of the equipment. Causes of failure are
poor maintenance, accidents, or improper operation, and

can be effectively controlled if the equipment is
properly operated and maintained.

Wear-out Period: This comes up towards the end of

system life. Failure increases with time and is due to
the aging of the constituent elements of the equipment.

Preventive replacement of these components may
reduce failures at this stage.[1]

Reliability Assessment of Electronic Equipment:
Using parts stress method, reliability is given as:

      (2. 3)

Where:

      = the failure of the i partth  

       = the  basic  failure rate obtained from de-rated

data for each generic part against normalized stress and

temperature factors

       = accounts  for the environmental factors other

than temperature 

      = accounts for secondary stresses (e.g. vibrations,

shock, etc)

      =  accounts  for  the  degree  of manufacturing

control 

      = accounts for any additional factor that has not

been taken care of above 

n = number of particular component W ithin the

scope of this work, the expression can be reduced to:

      (2 .4)

T = room temperature of the environment 

K =voltage stress ratio

Reliability Assessment of the Nokia 2610 Mobile

Charger: The design criteria described in 2 will be
used to assess the mobile charger in Nigeria and in

China. We shall therefore have designed failure rate
(applicable in China) and relative failure rate

(applicable in Nigeria).
The working typical charger was opened up and

connected to the mains supply. Measurements of the
various parameters were then carefully taken. Voltage

across each component was measured and used to
calculate voltage stress ratio (i.e. measured voltage

divided by maximum possible voltage across the
component). Circuit output current and voltage were

measured. The base (generic) failure rate for each
component was read from the U.S. Military Handbook

217 (MIL-HBK-217) both for the design and operating
environments.  Temperature was also factored into the[3 ]

assessment. MIL-HBK-217 was chosen because it is a
popular and very good means of predicting system

reliability.[4]

RESULTS AND CONCLUSION

The failure rates of the regions under consideration
(Nigeria and China) are summed up to calculate the

inherent system reliability. These failures are constant
and are described best by exponential distribution law.

The reliability is thus given as



J. Appl. Sci. Res., 5(12): 2357-2361, 2009

2359

The conclusions will be used to assess the

reliability of the Charger and the results of the failures

C effare shown in Table1 and 2. ë  = 0.50532 x 10 hrs-6  

Neffwhile for Nigeria, ë  = 13.88456 x 10  hrs-6

The overall failure rate for the system

Design Environment (China):

   

  

 = 0.50532 x 10  hrs-6

Operating Environment (Nigeria):  

 = 13.42489 + 0.45968
 = 13.88456 x 10  hrs-6

Using the formula R = e , reliability for a period–ë t

of five years was calculated, as shown in Table 3

while the Percentage reliability is given in Table 4
For example, for one year, t = 365 x 24 hours =

C eff 8760 hrs and substituting the above values for ë and

Neffë ,

CR  = e  = e = 0.9956-[ëC eff] t -[0.50532E-6 x 8760] 

NR  = e  = e  = 0.8855-[ëNeff] t -[13 .88456E-6  x 8760]

CWhere R  = Reliability of charger in design
environment 

NR  = Reliability of charger in Nigeria

C effë  = failure rate of charger in design environment

Neffë  = failure rate of charger in Nigeria
t = time 

The values of percentage reliability were then
plotted as a function of years (Fig. 3).

It can be seen from the graph that a higher failure
rate is experienced for charger use in Nigeria compared

to China which is the country of origin.

This may be attributed to a number of factors

including higher temperature, harsh environmental
conditions, higher relative humidity and voltage

fluctuation, common in Nigeria. The ratio of failure
rate of the equipment in Nigeria to its failure rate in

China is 28:1. This result agrees with that conducted
on another electronic system.[5]

The MTBF of the system could be determined
from the failure rate of the system under the two

environments.

MTBF =         hrs

CMTBF  =  

=                             years 

NMTBF =        =  

The mean time to failure of the system is seriously

reduced as it is 8.2 years for operation in Nigeria as
compared to 225.9 years in China. The ratio of mean

time to failure of the system in both operating and
design environment is 1:28.

Conclusion and Recommendations: The comparative

assessment of the reliabilities of the charger in both the
design and operating environments was carried shows

that lower reliability assessment is associated with the
use of the system in Nigeria.

Fig. 1: Circuit Diagram of Nokia 2610 mobile phone charger
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Fig. 2: Equipment Failure Rate

Fig. 3: Plot of percentage reliability against number of years

Table 1: Failure Rate for Nokia 2610 Charger (series components)

C NCircuit Description Of Part Quantity n T ( C) T ( C)         x10          x 10 V Stress Ratio K         x10         x10o o -6 -6 -6 -6

Reference

R4  Film resistors 1 21 27 0.0005 0.0006 0.0068 0.00007 0.00011

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

R5  Film resistors 1 21 27 0.0005 0.0006 0.0116 0.00012 0.00019

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

C1  Film Capacitor 1 21 27 0.0008 0.011 0.0012 0.00002 0.00036

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

C4  Electrolytic Capacitor 1 21 27 0.0047 0.025 0.0475 0.00469 0.03206

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

C5  Electrolytic Capacitor 1 21 27 0.0047 0.025 0.224 0.02211 0.1512

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

D4 Diode 1 21 27 0.0066 0.51 0.30286 0.04198 4.17034

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

D6 Diode 1 21 27 0.0066 0.51 0.00807 0.00112 0.11114

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

D7 Diode 1 21 27 0.0066 0.51 0.00011 0.00002 0.00157

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

D8 Diode 1 21 27 0.0066 0.51 0.01143 0.00158 0.15737

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

LED Light emitting diode 1 21 27 0.034 0.35 0.00575 0.00411 0.05434

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

Q1 NPN Silicon transistor 1 21 27 0.017 0.59 0.0275 0.00982 0.43808

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

T1 Low Power Transformer 1 21 27 0.019 0.35 0.87917 0.35079 8.30813

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

Tseries       ë 0.43642 13.42489
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Table 2: Failure Rate for Nokia 2610 Charger (Parallel components)

Circuit Description Of Part Quantity n TC( C) TN( C)         x10         x10 V Stress Ratio K         x10             x 1 0o o -6 -6 -6 - 6

Reference

R1  Film resistors 1 21 27 0.0005 0.0006 0.068 0.00071 0.0011

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

R2  Film resistors 1 21 27 0.0005 0.0006 0.07 0.00074 0.00113

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

C2  Electrolytic 1 21 27 0.0047 0.025 0.676 0.06672 0.4563

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

R6  Film resistors 1 21 27 0.0005 0.0006 0.0704 0.00074 0.00114

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

TParallel       ë 0.06891 0.45968

Table 3: Variation of Reliability over Time

Year 1 Year 2 Year 3 Year 4 Year 5

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

Design 0.9956 0.9912 0.9868 0.9824 0.9781

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

Nigeria 0.8855 0.7841 0.6943 0.6148 0.5444

Table 4: Percentage Reliability

Year 1 Year 2 Year 3 Year 4 Year 5

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

Design 99.56% 99.12% 98.68% 98.24% 97.81%

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

Nigeria 88.55% 78.41% 69.43% 61.48% 54.44%

To improve the reliability of the charger when

used in Nigeria, it is suggested that: The charger

should be used along with voltage stabilizers to

prolong its lifespan. Essential components should be

connected in parallel to prevent failure. The design of

system that will consider the environment as well as

the stress factors in Nigeria is recommended.

REFERENCES

1. Akinsanmi, O., 2003. “Reliability Assessment of

ups systems in Developing countries”, M.Sc Eng’g

Thesis, ABU, Zaria.

2. Department of Defense, 1995. Military Handbook

217: Reliability Prediction of Electronic

Equipment.

3. Texas Instruments Incorporated, 1999.  Reliability

Prediction for PT3100/4100 Isolated DC-DC

Converters.

4. Brown, L.M., 2003. Comparing Reliability

Predictions to Field Data for Plastic Parts in a

Military, Airborne Environment. A paper presented

during the RAMS Conference, Tampa USA, 2003.

5. Kolawole, S.F. and O. Akinsanmi, 2007. Assessing

the Reliability of a Compact Electronic Fluorescent

Lamp. Journal of Applied Sciences Research,

3(12): 1864-1870.

6. Andrew, C.P., V.C. Jordan and R.P. Lawrence,

1995. “Management for Engineers” John Wiley

and sons, England, pp: 328-338.

7. Oroge, C.A., 1991, Fundamental of Reliability and

Testing Methods; Sooji Press Ltd, Kaduna,

Nigeria.

8. Taylor, P.F.U., 1989. Reliability Assessment and

Design of Micro Computers for Administrative

Purposes in Developing Countries PhD. Thesis.

ABU, Zaria.


