
World Applied Sciences Journal 4 (5): 610-616, 2008
ISSN 1818-4952
© IDOSI Publications, 2008

Corresponding Author: Dr. Ali Peiravi, Department of Electrical Engineering, Faculty of Engineering,
Ferdowsi University of Mashhad, Postal Code: 9177948974, Mashhad, Iran

610

System Redesign to Incorporate Modularity and Integration to Increase Repairability,
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Abstract: Replacement of older systems with modern integrated and modular systems can be used to 
improve repairabillity, reduce failure rate, improve availability and reduce costs. In this paper the results of 
replacement of an older system with more a modern modular system is presented. Measures of
repairability, failure rate and availability are computed before and after the replacement to show that a 
substantial improvement in all reliability measures is obtained. Adherence to these procedures may be used
to improve the reliability of many existing systems and reduce repair and maintenance costs in various 
industries, especially in developing countries. 
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INTRODUCTION

Reliability is the probability of successful
operation during the mission and under pre-specified
conditions. It can be calculated using various
techniques including RBD, Markov state space,
analytical, or Monte Carlo Simulations. Reliability is a 
very important issue in modern complex systems,
especially in military applications, life-critical
applications and high reliability industrial and
consumer products. The reliability of a system is
affected by the reliability of its components and the 
way they are interconnected to serve its intended
mission under certain operating conditions. Existing 
systems in many industries usually suffer from design 
weaknesses since they have been designed in an era 
when the modern approaches to reliability engineering 
were not practiced. This is especially true in developing 
countries,  where  many  of  the  systems that exist in 
the industry or government facilities are old and have 
usually  been  bought  from overseas. The usual
problem with theses systems is that once they fail, there 
is no access to spare parts for replacement since those 
old parts are no longer being manufactured. Even in 
some especial cases where a spare part is found, it is 
sold at very high prices since it is rare. Such system
should either be put aside or thrown away, or they 
should be redesigned to meet today's stringent
reliability requirements. The proper approach to
achieve this objective would be redesign by
incorporating modularity and integration to increase
their re liability and reduce their cost. During the
implementation of this procedure, one may also use

high quality parts, derating of parts and highly
accelerated life testing procedures in order to increase 
the product's reliability.

There are two main problems  that must be
addressed for an effective reliability improvement
program once we decide to carry out such a redesign 
option. The first problem is how to estimate the
product's mean time to failure or hazard rate. The
second problem to address is how to compute an 
estimate to its mean time to repair. Both of these
parameters are important in its ultimate reliability and 
are guides to as how to improve our equipment's
reliability. For example, since the mean time to failure 
depends on the components used, their technology and 
their quality, one can get a great improvement in 
reliability if these issues are taken into consideration 
early on during redesign. Integration of various parts of 
the product into a more modern component may also be 
used to increase the mean time to failure. Part derating 
in which parts are used that can stand higher stresses 
than their normal operating conditions is another
scheme to improve the product's reliability. Moreover, 
more restrictive screening procedures for parts and
better highly accelerated lifetime testing procedures
may be used to discover weaknesses in parts used or 
poor manufacturing practices. This will also help
improve the final product's reliability. The second
parameter involved is the mean time to repair. Proper 
modularization of the product's subsystems in such a 
way that they are easily accessible and quickly replaced 
once they fail, can be used to reduce the mean time to 
repair which would in turn result in improved reliability 
for the product.
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Predictive calculations for the mean time to failures 
may be carried out using MIL-HDBK-217F [1] or
Telcordia (Bellcore) models [2] for expected operating 
conditions of the system. Predictive calculations for the 
mean time to repair may also be carried out using MIL-
HDBK-472 [3] which contains five procedures for
predicting the maintainability of equipment. The model 
for MTTR prediction uses common tasks required to 
repair a failed component or subsystem. Each of these 
basic common tasks must be estimated using a sub-
model. Existing software for MTTF and MTTR
predictions are expensive and hard to use. They even 
have certain drawbacks which makes their use
unattractive. Caroli and Lyne [4] presented a prediction
technique for mean-time -to-repair (MTTR) as a
modification of MIL-HDBK-472 procedure V. These 
modifications directly relate testability characteristics to 
maintainability parameters and introduce the influence 
that different maintenance and repair philosophies have 
on MTTR. The issue of maintainability also applies to
software. Hayes and Zhao [5] presented details of
building an MTTR predictor for the maintainability of 
evolving software. They evaluated two datasets and 
used them to build a maintainability predictor. Their 
resulting model called Maintainability Prediction
Model (MainPredMo) was validated against three held-
out datasets. The calculations reported in this study 
have been carried out using Excel spreadsheets on an 
IBM PC computer.

RELIABILITY AND HAZARD RATE

Reliability is the probability of successful
operation during the mission and under pre-specified
conditions. It is defined as the probability of successful 
operation of the system at an unknown time in the 
future under predefined system operating conditions as 
given in (1).

R(t) P[T t]= > (1)

For repairable systems in which parts of the system 
may be repaired after failure, a different measure of 
reliability is usually used which incorporates both the 
times in operation and the times under repair. If we 
denote the stochastic variable TU as the time to fail and 
TD as the time to repair, then availability may be
defined as in (2)

U

U D

T
A

T T
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+
(2)

Reliability can be calculated using various
techniques including RBD, Markov state space,
analytical, or Monte Carlo Simulations. 

Fig. 1: The bath tub curve for the hazard rate

The Weibull probability distribution function is
usually used to describe the lifetime of a component 
since the hazard rate is not constant during burn-in and 
wearout periods of life as can be seen from the bathtub 
curve of Fig. 1. The hazard rate is a decreasing function 
of time during the initial period of life, or the burn-in
period. Then it flattens out and is nearly constant for the 
useful period of life of the part. Naturally, this period 
should be the operation period of the part, if it has gone 
through its initial burn-in period before. In some
industries, this is not the case. They do very little
testing  and burn-in and let the part experience the 
initial period of its life in field operation. The high 
hazard  rate  during this period implies that there may 
be many early failures in the field. However, certain 
warranties are provided for customers so that they may 
return the failed product and have it repaired at no cost 
or with minimal expenses. This is naturally not a good 
option for military, life-critical or high reliability
products.

The last stage of life as shown in Fig. 1 is the 
wearout period during which the hazard rate is
increasing with time. Some systems such as power
plants exist in many countries and are still operational 
in this period of life due to economic reasons. The way 
to deal with the increasing hazard rate is through
planned maintenance which helps postpone the
increasing trend in the hazard rate. 

The hazard rate for the Weibull probability
distribution function may be described as in (3)

1(t) t−αλ = λ (3)

where λ1>0, λ1 is the scale parameter and α is the shape 
parameter. The reliability function is described as in (4)
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Table 1: Typical values of mean time to failure of several components

MTTF λ (Failures per
Component (Hours) million hours)
Resistor 0.40
Cable 1.052
Battery 4.00
Electric Motor 10.00
Generator 12000 83.333
Antenna 50.00
Laser 50.00
Relay 2.00
Magnetron 100.00
Radar 1666.666

1
1t

1R(t) e

−α−λ
−α= (4)

This function may be used to describe the lifetime 
and reliability in burn-in, field operation and wearout 
periods of life. When (0<α<1), the hazard rate is a
decreasing function of time and may be used in the 
burn-in period of life. When (α = 0), the hazard rate is 
constant and the reliability function exactly follows the 
exponential probability distribution function. This may 
be used to model the field operating life of the
component. The exponential function is used as the
probability density function in this period of life as in 
(5)

                                  R(t) = e−λt (5)

The mean time to failure is the expectation of TU
and may be computed as in (6)

U U
0 0

MTTF E[T ] tf (t)dt R(t)dt
∞ ∞

= = =∫ ∫ (6)

For the part in its field operation, the MTTF is as in (7)

t
U U

0 0

1
MTTF E[T ] tf (t)dt e dt

∞ ∞
−λ= = = =

λ∫ ∫ (7)

Naturally, this period should be the operation
period of the part, if it has gone through its initial burn-
in period before. The last stage of life as shown in Fig. 
1 is the wearout period during which the hazard rate is 
increasing with time. The Weibull probability
distribution function may be used in this period. The 
way to deal with the increasing hazard rate is through 
planned maintenance which helps postpone the
increasing trend in the hazard rate. 

Various types of parts are usually used in different 
systems. The mean time to failure of several commonly 
used components is shown in Table 1 to see what the 
generic failure rates for such component are.

REPAIR MODELING

Repair may be done at several stages. In simple 
systems, repair may be done on the site. However, in 
more sophisticated systems, only simple repair
activities such as fuse replacement, battery replacement, 
etc may be done right away by a simple technician. 
More serious failures require that the product be
shipped to or taken to a licensed repair shop or even 
back to the factory for major repairs. Thus the times to 
ship the product back to the factory or take it to the 
repair shop must also be included in the down time of 
the system. There may be even a waiting time in the
repair facility before the system can be repaired. Repair 
time is usually expressed by the mean time to repair 
which may be computed as in (8)

D D
0

MTTR E[T ] tf (t)dt
∞

= = ∫ (8)

If we assume that repair time obeys an exponential 
probability distribution function as in (9)

                                    fD(t) = µe−µt (9)

Then  the  mean  time  to  repair  may be calculated 
as in (10)

t
D D

0 0

1
MTTR E[T ] tf (t)dt e dt

∞ ∞
−µ= = = =

µ∫ ∫ (10)

Since there must be a repair after every failure, 
then the mean time between failures is given by (11)

MTBF MTTF MTTR= + (11)

Thus the life cycle of a repairable system may be 
thought of as periods of working which terminate upon 
a failure and then periods of repair and restoration to 
working conditions as shown in Fig. 2.

Typical values of MTBF are shown in Table 2 for 
various sophisticated systems and in Table 3 for various 
commercial systems.

THE SYSTEM UNDER STUDY

The system under study is a high reliability
consumer product. It was thoroughly investigated down
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Fig. 2: The stochastic nature of the life cycle of a product going through failure and repair cycles

Fig. 3: The reliability block diagram of the system under study showing its various subsystems

Fig. 4: The reliability block diagram of the integrated 
system

Table 2:Typical values of mean time between failures for various 
sophisticated systems

System MTBF (Hours)
Ground rotary radar 100-200
Large stationary phase array radar 5-10
Tactical ground mobile radar 50-100
Fighter plane fire control radar 50-200
Airplane seek radar 300-500
Airplane identification radar 200-2000
Airplane navigation radar 300-4500

Table 3:Typical values of mean time between failures for various 
commercial systems

System MTBF (Hours)
Personal computer 5000-50000
Monochrome display 20000-30000
Color display 5000-30000
Hard disk drive 30000-90000
Soft disk drive 20000-40000
Tape drive 7500-12000
Compact disk drive 30000-60000
DVD drive 75000-125000
Keyboard 30000-60000
Low speed dot matrix printer 2000-4000
Plotter 30000-40000
Modem 20000-30000
Router 50000-500000
Power supply 20000-40000

to part level in terms of the effect of each part and each 
subsystem on the operation of the overall system. The 
system consists of five subsystems which are comprised 
of a variety of types of mechanical, electrical and 
electronic components. The reliability block diagram of 
the system is shown in Fig. 3 where the series role of 
the subsystems in the reliability of the system is shown. 
This  is expected of high-reliability consumer products 
where no extra money is available to implement
redundancy. In such products, improved reliability
should be built into the system by integration of parts as 
shown by Peiravi [6], or derating of parts, good
manufacturing procedures and proper highly
accelerated lifetime testing.as shown by Peiravi [7]. 
The reliability block diagram of the system under study 
showing its various subsystems is shown in Fig. 3 and 
the RBD of the integrated system is shown in Fig. 4.

SYSTEM FAILURE RATE 
AND SYSTEM RELIABILITY FUNCTION

The mean time to failure (MTTF) of the system 
may be found by using the relevant MTTFs of its 
various subsystems and the reliability block diagram or 
the reliability model of the system versus its
subsystems. To estimate the failure rate for the system 
during the field operation life, the RBD technique along 
with failure rate data from MIL-HDBK-217F may be 
used. For example, the general failure rate for a resistor 
is as shown in (12)

p b T p S Q Eλ = λ π π π π π (12)

where λb is the base failure rate, πT is the temperature 
factor, πp  is  the  power  factor, πS  is  the  power  stress 
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Table 4: A comparison of the failure rate (Failures per Million Hours) for all the part s of the old system and the redesigned integrated system

Old system Redesigned integrated system
------------------------------------------------------- ---------------------------------------------------------

Item Part type Quantity λ (Failures per million hours) Quantity λ (Failures per million hours)

Integrated circuits 227 0.7764 170 1.0246
Semiconductor devices 188 1.9314 149 0.8285
Resistors 574 0.7255 640 0.6368
Capacitors 479 0.6716 355 0.2288
Connectors 105 0.3925 72 0.4703
Printed circuit boards 12 4.7370 9 5.0930
Inductors and transformers 28 0.2931 23 0.3019
Switches 128 5.7180 131 1.6685
Relays 72 5.7396 81 5.1011
Lamps 75 38.4900 35 38.4900

Fig. 5: The reliability and cumu lative failure probability functions for the old system in comparison with the
redesigned integrated system

factor, πQ is the quality factor and πE is the environment 
factor. There is a similar relationship for other devices 
with appropriate factors to include stresses and
operating environment. Theses calculations were
carried out using an excel spreadsheet for all the
subsystems of the old system and the redesigned
integrated system and the overall failure rates of the
subsystems are shown in Table 4. 

The failure rates tabulated in Table 4 and the RBD 
of the old system shown in Fig. 3 and the redesigned 
integrated system shown in Fig. 4 may be used to
compute the reliability and cumulative unreliability 
functions as a function of time. Since the subsystems
act in a series fashion in the RBD model, the failure 
rates may be added together to form the system failure 
rate as in (13)

Old_System Central_Computer Test_&_Control_Computer

Display_Unit_Computer Power_Unit Panel

= +

+ + +

λ λ λ

λ λ λ
(13)

Then the system reliability for the old system may 
be computed as in (14)

Old_System t
sR e−λ= (14)

However, the failure rate of the integrated system 
may be computed from (15)

Integrated_System Integrated_Computer Power_Unit Panelλ = λ + λ + λ

(15)
And the system reliability for the integrated system 

may be computed as in (16)

Integrated_System t
sR e−λ= (16)

And the Cumulative Unreliability function may be 
computed using (17) for both the old and the integrated 
system.

System SystemQ (t) 1 R (t)= − (17)

The reliability and the cumu lative unreliability
functions   thus   computed   vs.   time   are  shown  in 
Fig. 5.
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THE MTTF OF THE SYSTEM FOR 
ITS FIELD OPERATION PERIOD OF LIFE

The mean time to repair is found based on
Procedure V of MIL-HDBK-472 as a sum of elemental 
repair actions as in (18)

n n n n n n n

M

n P FI FC A CO ST m
m 1

MTTR T T T T T T T
=

= + + + + + =∑ (18)

where
nPT is the average preparation time, 

nFIT is the 

average fault isolation time, 
nFCT is the average fault 

clearance time, 
nAT  is the average alignment time, 

nCOT  is the average checkout time, 
nSTT  is the average 

startup time, 
nDT is the average disassembly time, 

nIT is

the average interchange time,
nRT is the average

reassembly  time, 
nSTT  is the average startup time and n 

shows that the MTTR is related to the nth replaceable 
unit in the system. 

nFCT  in (18) may be computed from 

(19)

n n n nFC D I RT T T T= + + (19)

where
nDT  is the average disassembly time, 

nIT is the 

average interchange time,
nRT is the average reassembly 

time.
Once  MTTF  and  MTTR  are  computed  as 

shown  above,  availability  may  be  found since we 
have (20) 

1
MTTF

λ = (20)

and
1

MTTR
µ = (21)

Therefore, we will get 

[( ) t ]A(t) e− λ+µµ λ
= +
λ + µ λ + µ

(22)

and
MTTF

A 1 A LimA(t)
MTTF MTTR

t

µ
= − = = =

λ + µ +
→ ∞

(23)

In general, availability may be improved using
various approaches as follows:

• Design and construction of more reliable systems
• Better spare parts planning and storage
• Reliability centered maintenance
• Built in self-test in hardware design
• Designing in fault-tolerance and redundancy
• Integration and modularization
• Improving the repair facilities and educating the

people in charge of repair and maintenance.

The implementation of some of these procedures in 
this study helped improve availability a lot. The various 
reliability measures discussed above are shown in detail 
in Table 6 for the old system and the integrated system.

DISCUSSION OF RESULT

An analysis of the results for the mean time to 
failure, mean time to repair and availability of the old 
system and the redesigned integrated system
summarized in Table 7 shows that the replacement of 
older systems with more modern and modular
subsystems can yield a substantial improvement in 
reliability measures. 

As can be seen from the Table, the systems MTTF 
has increased by 79.1%, its failure rate has been
reduced by 52.57%. The systems MTTR has reduced by 
28.6% and the repair rate has been reduced by 40%. 
Therefore, overall system availability has improved and 
its unavailability has been reduced by 59.75%. The
system's  behavior  was  simulated for 500 hours and its

Fig. 6: Comparison of availability and unavailability of the old system and the integrated system
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Table 5: A comparison of the repair rate (repairs per hour) for the old and the redesigned system
Item System Quantity of repair actions      MTTR (hours) µ  (repair per hour)

The old system 252 3.80 0.2632
The integrated syst em 175 2.84 0.3521

Table 6:A detailed comparison of mean time to failure, mean time to repair and availability of the old system and the integrated system showing 
all subsystems

Item λi (failure)/106 hours MTTFi (hours) µi (action/hours) MTTRi(hours) iA iA

Old system
1 Central computer 427.1314 2341.20 0.2538 3.940 99.83% 0.17%
2 Test and control computer 1244.2701 803.68 0.2536 3.944 99.51% 0.49%
3 Display unit computer 1037.6566 963.71 0.2609 3.833 99.60% 0.40%
4 The equivalent of Items 1, 2, 3 2709.0581 369.13 0.2564 3.900 98.95% 1.05%
5 Power unit 303.4561 3295.37 0.2674 3.740 99.89% 0.11%
6 Panel 3699.0730 270.34 0.2706 3.696 99.65% 0.35%
Integrated system
1 Integrated computer 1708.0295 585.47 0.3235 3.090 99.47% 0.53%
2 Power unit 303.4561 3295.37 0.2674 3.740 99.89% 0.11%
3 Panel 1171.1606 853.85 0.3712 2.690 99.69% 0.31%

Table 7: A comparison of mean time to failure, mean time to repair and availability of the old system and the integrated syst em

Item System λ 0 7 7 ) µ MTTR A A
Old system 6711.587 148.99 0.2778 3.60 97.64% 2.36%
Integrated system 3182.6465 266.84 0.3891 2.57 99.05% 0.95%

Percent improvement in reliability measure 52.57% 79.10% 40.000% 28.60% 59.75%.

reliability after 150 Hours of operation of the integrated 
system is 25.5% better than the older system. A
comparison of the system's availability for the old 
system vs. the integrated system is shown in Fig. 6 after 
solving the state space model. It can be seen that the 
steady state unavailability of the integrated system has 
improved substantially and is nearly 0.095 while that of 
the old system is nearly 0.0236 showing a 59.75% 
improvement.

CONCLUSIONS

In this paper it is shown that the proper
replacement of older systems with more modern and 
modular ones can result in the improvement of
repairability, failure rate and availability. This process 
of redesign and integration helps improve system
reliability and reduce cost. A considerable reduction in
unavailability is achieved. There will also be a major 
improvement in spare part planning and maintenance 
procedures.

REFERENCES

1. MIL-HDBK-217F, Notice 2, 1995. Military
Handbook, Reliability prediction of electronic
equipment, Feb. 28, 1995. http://www.relex.com/
resources/mil/217fn2.pdf. Published by the
department of defense (DOD), USA.

2. Telcordia, SR-332, 2006. Reliability Prediction
Procedure for Electronic Equipment, Issue 2, Sept.
2006.

3. MIL-HDBK-472, 1966. Maintanability Prediction, 
Department of Defense, 24 May 1966. http://www.
weibull.com/mil_std/mil_hdbk_472.pdf

4. Caroli, J.A. and G.W. Lyne, 1992. A testability-
dependent maintainability-prediction technique, In 
Proceedings of the Annual Reliability and
Maintainability Symposium, 1992, Las Vegas, NV, 
USA, pp: 223-227.

5. Hayes, J.H. and L. Zhao, 2005. Maintainability 
Prediction:A Regression Analysis of Measures of 
Evolving Systems. In Proceedings of the 21st IEEE 
International Conference on Software
Maintenance, 2005. DOI: 10.1109/ICSM.2005.59,
pp: 601-604.

6. Peiravi, A., 2008. Reliability enhancement of the
analog computer of gyroscopic naval navigation 
system using integration by Field Programmable 
Analog Arrays. Published online in the Journal of 
Applied Sciences (2008). http://scialert.net/
qredirect.php?doi=jas.0000.4731.4731&linkid=pdf

7. Peiravi, 2008. Reliability Improvement of the
Analog Computer of a Naval Navigation System 
by Derating and Accelerated Life Testing. Journal 
of Applied Sciences.


