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Abstract- Reliability engineers generally have to deal with systems that consist of some components in series and others in
parallel. Reliability of a series system can be calculated by multiplying the reliability of individual elements in that system.
Failure rate of many deteriorating systems shows a bathtub shape curve. The aim of this paper is to find the average total
cost of a series system, from a manufacturer’s point of view, during the first two phases of its life; considering optimality
issues for burn-in and warranty periods. Numerical illustration is provided to show the applicability of the model.
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1. INTRODUCTION

Nowadays, increase in consumers’ knowledge and
expectations has forced manufacturers to produce
high quality products at reasonable prices. This
necessitates manufacturers to either employ various
techniques such as a burn-in test in order to
manufacture highly reliable products; or satisfy
their customers by offering different types of
warranties. Two types of extended warranty
policies from manufacturer’s point of view and their
relevant cost and profit models have been proposed
by Su and Shen (2012). Burn-in is a process in
which the product is run under conditions like the
real field conditions for a specified period of time
in the manufacturer’s place so as to detect problems
and filter out defective items. After successfully
passing burn-in period a product is considered to be
of a quality that can be marketed. In order to
maximize reliability, Kim and Kuo (2009)
established an exchange between component
reliabilities during system burn-in period and
developed an optimal burn-in time for repairable
non-series system.

When selling a product, warranty is offered by the
producer to the customer for two simple but
important reasons: be in the safe side and increase
customer’s satisfaction. Generally warranties are in
two classes, namely renewing and non-renewing
warranties. Renewing warranty means that if a sold
product faces a failure during its warranty period of
length W, it will be replaced by a new product with
a new warranty period of length W. Jung et al.

(2010) considered the maintenance policy of a
system under the renewing warranty during its wear
out period. In another study, Vahdani et al. (2011)
developed a replacement repair model in order to
investigate a renewing free replacement warranty
for a class of multi-state deteriorating repairable
products. In a non-renewing warranty policy,
however, the failed item at age t is replaced with a
new item with a warranty period of length W-t.
Recently, Jung et al. (2012) studied the optimal
maintenance policy for non-renewing warranty by
formulating the average cost rate per unit time from
the consumer’s viewpoint.

Generally for deteriorating products, the rate of
failure is a high value during two periods of their
life; first when they are completely new. During
this period the failure rate decreases with a sharp
slope. This period is known as burn-in or infant
mortality period. The second period, where the rate
of failure is a high value but has increasing rate, is
known as post warranty or wear out period.
Between these two periods, the failure rate is
approximately constant and known as useful life
period which overlaps the warranty period. Failure
rate curves of such systems based on their failure
rate functions usually depict a bathtub shape curves
(see Figure 1).

The purpose of this work is to find the average of
the total cost during the first two periods (burn-in
and useful life) of product life by considering
optimum values of burn-in and warranty periods
from the manufacturer’s point of view. Considering
both burn-in and maintenance policy at the same
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Figure 1: Bathtub failure rate curve

time to study optimum burn-in with random
minimal repair cost has been presented by Kwon et
al. (2010). Moghimihadji and Rangan (2012) in
their recent work, investigated some optimality
issues based on the total average cost of a parallel
system over its entire useful life from the
perspective of both consumers and manufacturers.

2. NOTATIONS USED
5

hy e . Bathtub shape failure rate curve of jth
component

b: Burn-in period length

W: Warranty period length

m: Number of components in the series system
N(b): Number of failed systems until for the first
time one system can survive burn-in period of
length b

: Failure rate density of jth component

Cogt Purchasing and installation cost of jth
component in the series system

“<i* Operating cost of jth component during burn-in
period
L2: Cost of installation of the whole system

*i Lifetime of ith failed system during burn-in
before completing burn-in period b

L3t Cost of replacing failed system in customer’s
place

'F":l"{"j: Number of failed burnt-in systems during
warranty period until for the first time one burnt-in
system can survive warranty period of length W

3. THE MODEL

In the proposed model, we consider a series system
with a bathtub failure rate curve. This system
consists of m independently distributed elements
with bathtub shape failure rate curve &;(z) and

failure rate density f;(t). The manufacturer puts the

system under a specified burn-in process of length
b. If during this period the system fails, the
manufacturer replaces the failed system with a new
one.

Expected cost during burn-in period (O, b]

Related costs during this period are the purchasing
and installation cost of each component of the
series system, the operating cost of each component
per unit time during burn-in period in
manufacturer’s place, and finally the installation
cost of the whole system to do the burn-in test.
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where (&) and Gi{&lare the distribution and
survivor functions of the series system and it can be
seen that AN{&)] has a geometric distribution
function. Thus‘,

e = o (5)
Using Wald’s identity
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Hence, the expected cost during burn-in period is
given by
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Expected cost during warranty period (b, b+W]

Based on definition, systems that successfully pass
the burn-in period are burnt-in systems and of the
quality to reach the market. At this phase, the burnt-
in system is sold in the market along with a
warranty period of length W. The cost elements in
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this period are the cost of having a burnt-in system
(L) and the cost of changing a failed system with a

new one in customer’s place (L5). Thus,

Cw = (Cp+ CJINy(W) —1] (8)
Again using Wald’s identity
T &t Frar _ GR(W)
E;.-a(ll ] —IJ = _5:{'5 (9)
where Gx{WJand (W) are distribution and
survivor  functions of a burnt-in  system,
respectively. These functions are given by

rory W e _ [ gizide
E;-'-.":]—_r ,Efll:e:]f:-— In == 5o

(10)

and
= e G J:_'_-‘-_ githdt
by (W) = E(E) GiE) (11

Thus, the expected cost dUring warranty period is
given by
E|.:E!_L-:| — I:.:r__a ¥ LE:IDEI'” ]

3o SR
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(12)

At the end of warranty period the total age of the
system is b+W (it is obvious that b<W) and the
average total cost of the system up to this point is
the summation of equations (7) and (12) over the
total age of the system.
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4. NUMERICAL EXAMPLE

In order to illustrate the application of this model
for real cases, we consider a simple series system,
which contains only two components. It should be
emphasized that only two components are
considered in this system for the sole purpose of
keeping the calculations simple. Now, suppose that
each component has a bathtub failure rate curve

given by

e) = KCAtS? 4 6{1 —K)geP-157 . (14)
This function was introduced for the first time by
Dhillon (1979). By changing the values of shape
parameters b and C in this five-parameter failure
rate function; one can generate different shapes of
failure rate curve for different types of component.
In this illustration, we fix these five parameters as
follows:

F=LA=2K=05,b=135and &L = 0.3 for the
first component, and for the second component we
chang only b and C as follows:
& =14and L =04 Since the mean value of
lifetime of this system is about 0.3587, we define
the range of burn-in period from 0.025 to 0.375 by

ATt = — (13) step size 0.025. In addition, we define the range of
e warranty period from 0.05 to 1.1 by step size 0.05.
Table 1 shows the amount of average total cost for
different pair values of burn-in and warranty
periods.
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Table 1: Average total cost for different pair values of burn-in and warranty periods.
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As it can be seen from Table 1, the minimum
average total cost holds when the burn-in time is
0.025 and warranty period is 0.3. Indeed, it can be
seen that when warranty period is very small, by
increasing the burn-in time, first the average total
cost decreases and then it starts to increase. When
the amount of warranty period reaches 0.2 or more,
the average total cost becomes a strictly increasing

Average Total Cost

Burn-in

function of burn-in period. Same thing happens
when we fix burn-in period at a very small value
and then increase warranty period. As in the
previous case, first the average total cost decreases
and after that it increases. From b = 0.2745, the
average total cost is an increasing function of
warranty period. Figure 2 depicts the mesh diagram
of average total cost for this example.

Warranty

Figure 2: Mesh diagram of average total cost.

5. CONCLUSION

Nowadays, in light of fierce competition along with
prudent and diligent customers, is it difficult to
survive in the market without possessing the ability
of producing high quality products that lure new
customers while preserving the old ones. Hence,
using techniques such as burn-in tests and offering
suitable warranties along with selling the product
are very important. In this research, we discussed
some optimality issues like optimum burn-in and
warranty periods in a series system from producer’s
point of view. Next step after this work can be to
consider the maintenance cost during post warranty
period, where the system maintenance and its
relevant costs are borne by the consumer.
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