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a b s t r a c t

This study explores the economic production quantity model with scrap, rework and sto-
chastic machine breakdown. The main purpose of this paper is twofold:

(P1) This paper will adopt the rigorous methods of mathematics to demonstrate that the
expected total cost per unit time is convex on all positive numbers to improve the
conditional convexity in Theorem 1 of Chiu et al. (2010) [7].

(P2) This paper gives the concrete proof to provide bounds for the optimal production
run time to remove the logical shortcomings of mathematics presented in proof
of Theorem 2 of Chiu et al. (2010) [7].

� 2013 Elsevier Inc. All rights reserved.

1. Introduction

In real life manufacturing systems, generation of defective items and random breakdown of production equipment are
inevitable. Hence, many researchers are concerned with determination of optimal run time for an economic production
quantity (EPQ) model with scrap, rework, and stochastic machine breakdowns. Related articles can be found in [1–13]
and their references.

Recently, Chiu et al. [4] employs mathematical modeling along with a recursive searching algorithm to determine the
optimal run time for an imperfect production rate model with scrap, rework, and stochastic machine breakdown. Basically,
Chiu et al’s model is interesting. However, this paper indicates that their search algorithm has shortcomings. So, the main
purpose of this paper is twofold:

First, this paper will adopt the rigorous methods of mathematics to demonstrate that
the expected total cost per unit time is convex on all positive numbers to improve the conditional convexity in Theorem 1

of Chiu et al. [4]. Secondly, it gives the concrete proof to provide bounds for the optimal production uptime to remove the
logical shortcomings of mathematics presented in proof of Theorem 2 of Chiu et al. [4].
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2. Formulation of the Model

The manufacturing system discussed in this paper is the same as that of Chiu et al. [4]. The following notation will be used
in the whole paper.

b Expected number of breakdowns per year, the mean of a random variable that follows the Poisson
distribution,

x A random defective rate, x is a random variable with known probability density function with
0 � E½x� � 1=3;

h Portion of defective items to be scrapped before the reworking,
1–h Portion of defective items to be reworked and repaired,
k Demand rate (items per unit time),
P Production rate (items per unit time), (P > k),
P1 Rate of rework of defective items,
K Setup cost for each production run,
C Production cost per item ($/item, inspection cost per item is included),
M Cost for repairing and restoring the machine,
CR Repair cost for each defective item reworked ($/item),
CS Disposal cost per scrap item ($/item),
h Holding cost per item per unit time ($/item/unit time),
h1 Holding cost for each reworked item per unit time ($/item/unit time), (h1 � h),
t1 The production run time (i.e. production uptime) to be determined,
T Cycle length whether a machine breaks down or not,
TCU(t1) The total production-inventory costs per unit time whether a breakdown takes place or not,
E[TCU(t1)] The expected total cost per unit time whether a breakdown takes place or not,
t�1 The optimal run time of E[TCU(t1)],
e Belongs to,
R Does not belong to.

Following the above notations and assumptions, Chiu et al. [4] reveal that the expected total cost per unit time E[TCU(t1)]
can be expressed as follows:
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since 0 6 E½x� 6 1=3 and 0 6 h 6 1; we have 1 � 2hE[x] > 0. Eq. (1) yields the first-order and second-order derivatives of
E[TCU(t1)] with respect to t1 as follows:
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