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a b s t r a c t

In this paper, a production quantity model with random defective items, service level constraints and
repair failure is studied. The existence of only one machine results in limited production capacity and
partial backordering. The aim of this research is to determine the optimal cycle length, optimal produc-
tion quantity and optimal backordered quantity of each product such that the expected total cost (hold-
ing, shortage, production, setup, defective items and repair costs) is minimized. Two numerical examples
and sensitivity analysis are provided to illustrate the practical usage of the proposed method.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Material is considered as one of the most important resources in
any production system and management of inventory is playing an
important role in increasing the profitability of an organization. In
the last decades, there have been tremendous efforts by industries
to reduce the cost of inventory. The primary concern on inventory
management is to reduce the costs of setup and holding. Inventory
management has direct relationshipwithmaintainingmarket share
since customersmay switch todifferent vendorsdue to the shortage.
When goods are produced internally, the economic production
quantity (EPQ)model is employed to determine the optimal produc-
tion lot size. The traditional EPQ model assumption does not con-
sider defective items. Due to imperfect quality of raw materials
and/or production facilities, rework and repair of the defective items
are considered in this study. This study is significant because a num-
ber of production units such as printed circuit board assembly in the
PCBAmanufacturing,metal components, andplastic injectionmold-
ing have rework items. In the last fewyears, considerable researches
havebeen carriedout byCheng (1991),Goh (1992, 1994), Chiu, Chiu,
andWu (2003), Chung (1997), and Lee and Rosenblatt (1987) to ad-
dress the imperfect quality EPQ problem. Rosenblatt and Lee (1986)
proposedanEPQmodelwhere thecostof imperfect itemswaspartof

total inventory expenditure. Hayek and Salameh (2001) derived an
optimal EPQ policy with rework and imperfect quality items. They
assumed that all defective itemswere repairable and shortage back-
orders were permitted. Numerous studies have been carried out to
address the problems of imperfect quality EPQ model with rework
(see, for example, Hayek & Salameh, 2001; Chiu, 2003, 2007; Chiu
& Chiu, 2006; Jamal, Sarker, & Mondal, 2004; Ben-Daya, 2002).
Chung, Wee, and Yang (2008) presented a closed-loop supply chain
inventory systemwith remanufacturing. Chiu and Chiu (2006) stud-
iedoptimal replenishmentpolicy for an imperfectqualityEPQmodel
with backlogging and failure. Islam and Roy (2006) formulated an
EPQ model with flexibility and reliability consideration of produc-
tion process and demand-dependent-unit production cost with fuz-
zy parameters. Bayindir, Birbil, and Frenk (2007) considered the EPQ
modelwithgeneral inventorycost rate functionandpiecewise linear
concave production costs and proposed an effective solution proce-
dure for economic order quantity. Hou (2007) studied an EPQmodel
with setup cost and process quality as functions of capital expendi-
ture and developed an efficient procedure to find the optimal pro-
duction run time, setup cost, and process quality. Chiu, Wang, and
Chiu (2007) investigated an EPQmodel with scrap, rework, and sto-
chastic machine breakdowns. Chiu (2008) later showed that the
same problem can be derived without derivatives. Li, Wang, and
Cheng (2008) developed an EPQ-basedmodel with planned backor-
ders to evaluate the impact of the postponement strategy on aman-
ufacturer in a supply chain. Pentico, Drake, and Toews (2009) and
Wee, Law, Yu, and Chen (2008) considered an inventory model for
ameliorating and deteriorating items with partial backordering un-
der inflation, and Yang, Wee, and Hsu (2008) extended to consider
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