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{Abstract)

For products with a bathtub-shape harzard rate, burn-in can be used to reduce the warranty

cost. This paper examines the optimal burn-in

Type L is removed hy minimal repair, but type

time for products with two types of failures:

o

can not be removed.
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1. Introduction

Warranty for consumer durable products is
becoming an important factor in marketplace,
particularly when the product is complex and
expensive. The warranty cost may drastically
affect the profitability of the manufacturer.
Usually the warranty cost involves the failure
cost of the product during the initially high
harzard rate period (infant mortality). Since
the failure cost during the production process
is cheaper than the failure cost during the
warranty period, burn-in is considered as a
means to reduce the warranty cost.

The effect of a burn-in program is to elimi-

natc the infant mortality region so that the

finished product will be operating in the region
of near constant harzard rate. Such a burn-in
program, however, adds directly to the product
manufacturing cost.

Warranty cost modeling has been considered
by many authors, The product is assumed to
have a specified failuretime distribution. For
a given warranty policy, the warranty cost
per unit has becn ecstimated by Amato et al.
(1,2) for nonrepairable products and by Karm-
arkar(8) for repairable products. Blischke and
Scheuer(5) the
profit with and without warranty. The optimal

compared longrun expected
price and warranty period that maximize the
total expected profit have been developed by
Anderson(3) and Glickman and Berger(7).

In early models, burn-in has been used as a
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method of increasing reliability for products
with monotonically decreasing harzard rate
without considering the problem of costs. The
burn-in policy has been analyzed by Weiss and
Dishon(11) for nonrepairable products and by
Dishon and Weiss(6) for repairable products.
with a bathtub-shpe harzard
rate, the optimal burn-in and replacement

For products

times that minimize the expected cost per unit
time of service are studied by Plesser and
Field(10) and by Nguyen and Murthy(9) under
various warranty policies.

However, every product can not he dichoto-
mized into “repairable” and “nonrepairable”.
In practice, during the running of a product,
two types of failures can happen:

Type 1 (slight or repairable) failures are

removed by minimal repair.

Type 2 (critical or nonrepairable) {ailures

occur total breakdowns.

This classification is suggested by Beichelt
and Fisher(4).

This paper determines the amount of time
to burn-in a product with two types of failures
before selling it to the consumer. The optimal
burn-in time is selected to minimize the total
cost (i.e., manufacturing plus warranty costs)
under the given warranty policy.

I. A General Failure Model

Without burn-in, the failure characteristic
of the product with two types of failures is
described by:

X :a r.v. denoting the time to the first

type 1 failure without an intervening
type 2 failure.
J(&), F(x) i p.d.f. and e.d.f. of X.
Y (x) : the survival function of X, i.e., 1—
F(x).
7,(x) : the harzard rate function of X, i.e.,
F)/F().
Y :a r.v. denoting the time to the first type

2 failure.
g9, G(y) i p.d.f. and c.d.f. of V.
G(¥), h(¥) 1 the survival function and harz-
ard rate function of ¥, Le., 1-G()
and g(¥)/G(y)

The fajlure of the product can either be type
1 or type 2. For type 1 failures, it is assumed
that the harzard rate of the product remains
unchanged after a repair, i.e., “minimal
repair” or “bad as old” model. This is a reas-
onable assumption for complex and cXpensive
products, since the repair involves only a small
part of the product.

It is assumed that two types are stochasti-
cally independent. From Beichelt and Fischer
(4), the expected number of type 1 failures
during the time interval [0,%], N(), is given

by
N(»=[n(x)dx ¢)

After a burn-in time =, the product is age of
7. Let subscript ¢ denote the corresponding
failure functions after a burn-in time ¢ (e.g.,
F.(x) is the failure c.d.f. after a burn-in
time 7). For products with burn-in time r, the
expected number of type 1 failures in [0,%] is

given by

Ne()=["h(a)dx

:fn’hl(r-:—x)dx. (2

M. Manufacturing Cost Model

The manufacturing model contains four costs:
C, is the manufacturing cost per unit
with-out burn-in.

C. is the fixed setup cost of burp-in per
unit,

C. is the cost per unit time of burn-in
per unit,

C5 is the minimal repair cost per type 1
failure.

Let ©(z) Le the expected cost per unit for
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products with burn-in time z. The burn-in cost
per unit is
Ci4-Cuy if y<r,
Ci+Cor if y=1.
The expected burn-in cost per unit is

C, H[IC,y+CuN (9)14G(3)

=C.+Cyf G(dy+Caf T(IMC5)dy.

The probability that a unit survives a burn-in
time z is (). Thus the cxpected manufactu-

ring cost per unit is

o= [Cui-Caf [GCddy

+Cof T3] /G(-(3)

Differentiating (3) with respect to ¢ yields
v ()=Co--Calu () + oz k(7)) > 0. 4
Thus the manufacturing cost per unit increases

with the burn-in time.

¥. Warranty Policy and
Warranty Cost Model

In this section, we derive the expected
warranty cost per unit, w(7T,r), for products
with warranty period T and burn-in time z.
It is assumed that all product failures give
rise to valid claims and all rights to claim are
cxercised.

The warranty policy considered in this paper
is the rebate policy. In the rehate policy, the
consumer is refunded some proportion of the
sales prices P if a type 2 failure occurs during
the warranty period [0,77. The amount of
R(M, of the type 2
failure time, y.

kP(1—cxy/T), for 0:=y=T,
R(y):{o . for y>T.

where 0<y=.1, O=.@=.1. Two special forms of

rebate, is a function

condition (5) are the lump sum rebate policy
(oe=0) and the pro rata rebhate policy (a=1,

£=1). Note that various warranty policies

may be considered like Nguyen and Murthy(9).

For a rchate policy, we have

w(T, )= TR+ (Cot-CONLNI G
=[TG(r)—(1-a)TG(T+=)
—af "G (e RP/ITE)

+(CsC L NE(dy

»G<T+T>f:*’klcx>dx1/E<r>, (®

where C, is the extra cost that arises when a
failure occurs during the warranty period.
Differentiating (6) with respect to r yields
w (T, o)={(1—-a)TG(T+1) [T+ ) — hz(7)]
+a[G(T+)~G(s)

([ TGy RP/TEC)

+(CrtCO (T (a)ds
(D) [G(T+2)-G()]

O MENE) L

~6(+o)f mndal} /6. D

V. Optimization Model

Let C(T,r) be the expected total cost per
unit for a product with burn-in time ¢ and
warranty period T, and C(T)be the correspon-
ding without burn-in. We have

C(T,o)=v(z)+w(T,z). ®)
Note that
c(r <1ir£C(T, IR

This is due to the fixed hurn-in cost C,>>0.
If C,=0, then
C(T)=1LimC(T, o).

Thus for a specificd warranty period T, the
objective of the manufacturer is
(1) Determine the optimal burn-in time o*
to minimize C(T, <) when burn-in is used.
(2) Compare C(T,+*) with C(T). If (T,
3> C(T), then the optimal policy is to
have no burn-in. On the other hand, if
C(T,+*)= C(T), then the optimal burn-
in is given by %,
Qur analysis deals with the optimal burn-in

time ¢*, when burn-in is used. Differentiating

—_—25
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(8) with respect to ¢ and equating to zero
vields a necessary condition for minimum cost:
CHT, 7)== () ~w (T, =) =0, (9
Sufficient conditions for «* to be optimal arc
that it satisfies (9) and that
C"(T,t*)=10. (1
Since C(T, =)—co as c—wo, hy (4), ¥ is always
{inite. If (¥) has ne solution then z*=0 (i.e.,
no burn-in).
The optimal <* can Le found by solving (9)
or by dircctly minimizing (8) using some

numerical methods.
1. Remarks

In this paper we have studied the problem
¢f optimal burn-in to minimize the expccted
total cost per unit for products with two types
of failures. The considered warranty policy is
the rebate policy. Therefore other warranty
policies can be investigated. For an example,
if type 2 failure occurs during the warranty
period, the manufacturer is responsible for all
replacement costs,

It is worth stressing that a burn-in policy
not only reduces the cost but also increases
the goodwill associated with the product, since
less [lailures will occur during the warranty
period. Occasionally the latter can be more
important.

In practice, the sales of a product is an
increasing function of the warranty period.
The profit per unit, however, decrcases as the
warranty period increases. Thus, if the sales
responce function is known, the model can be
used to simultaneously determine the warranty
period and burn-in time to maximize the total
profit,

References

1. Amato, H.N. and E.E. Anderson, “Deter-

mination of Warranty Reserves: An Exten-
sion,” Mgmt, Sci. 22, 12, 1391—1394, 1976,
2. Amato, H.N., E.E. Anderson and D.W.
Harvey, “A CGeneral Model of Future Period
Warranty Cost,” Acc. Rev. LI, 4, 854—862,
1976,

3. Anderson, E.E., "Product Price and War-
ranty Terms: An Optimization Model,” Op.
Res, Qt. 98, 3, 739741, 1977.

4. Beichelt, F. and K.
Failure Model Applied to Preventive Polic-
ies,” IEEE Trans. Rel. R-29, 1, 35-41, 1930.
5. Blischke, W.R. and E.M. Scheucr, “Ca-
lculation of the Cost of Warranty Policies as

Fischer, “General

a Function of Estimated Life Distributions, "
Nav. Res. Log. Qt. 22, 4, 681—696, 1975.

6. Dishon, M. and G.I1. Weiss, “A Model for
Burp-in Programs for Components with Eli-
minatable Defcets,” IEEE Trans. Rel. R-25,
4, 259—260, 1976.

7. Glickman, T.S. and P.D. Berger, “Optimal
Price and Protection Period for a Product
under Warranty,” Mamt. Sci. 22, 12, 1381
—1390, 1976.

8. Karmarkar, U.S., “Future Cost of Service
Contracts for Consumer Durable Goods,” AIIE
Trans. 10, 4, 380—387, 1978.

9. Nguyen, D.G. and D.N.P. Murthy, “Op-
timal Burn-in Time to Minimize Cost for
Products Sold Under Warranty,” IIE Trans.
14, 3, 167--174, 1982

10. Plesser, K. T. and T.0. Field, “Cost Opti-
mized Burn-in Duration for Repairable El-
¢ctronic Systems,” IEEE Trans Rel. R-26,
3, 195—197, 1977.

11, Weiss, G.H. and M. Dishon,
Economic Problems Related to Burn-in Prog-
rams,” IEEE Trans. Rel. R-20,3, 190—195,
1971.

“Some



