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Abstract
A hoist controlled by a computer is widely used for moving electroplates which is chemically treated in a
sequence of tanks. The hoist scheduling directly a.ects the throughput of a production system. The objective
of the hoist scheduling problem is to schedule the moves to maximize the throughput. This paper investigates
the hoist scheduling problem, a speci2c material handling issue, in a manufacturing environment. The scope
of the study is in the area of single hoist cyclic scheduling with multiple tanks. The purpose of the study is to
develop a mixed integer linear programming model that can be used to schedule multiple tanks and improve
throughput in a process industry. Speci2cally, a method has been proposed to estimate the processing time in
a bottleneck stage with multiple tanks. ? 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
This paper investigates the hoist scheduling problem, a speci2c material handling issue, in a
manufacturing environment. The scope of the study is in the area of single hoist cyclic scheduling
with multiple tanks. The purpose of the study is to develop a mixed integer linear programming
model that can be used to schedule hoist moves and multiple tanks and improve throughput in a
production system. In this research, a multi-tank sequencing procedure is proposed for the single
hoist scheduling problem (HSP). Speci2cally, a solution procedure has been suggested to estimate
the processing time in a bottleneck stage with multiple tanks.
∗

Corresponding author. Tel.: +86-29-2667833; fax: +86-29-3237910.
E-mail address: sqzhou@xjtu.edu.cn (Z. Zhou).

0305-0548/02/$ - see front matter ? 2002 Elsevier Science Ltd. All rights reserved.
PII: S 0 3 0 5 - 0 5 4 8 ( 0 2 ) 0 0 0 4 3 - 6

812

Z. Zhou, L. Li / Computers & Operations Research 30 (2003) 811 – 819

Material handling includes packaging, moving, and storing materials and it consumes labor, space,
and facilities. Material handling during a production process adds very little value to the product.
Although, the choice of how the material is moved and when the material is moved is an important
technological decision, this decision can a.ect a manufacturing company’s overall performance such
as pro2tability and customer service level. Therefore, both researchers and practitioners have been
searching for solutions and new ways to reduce material handling costs.
The scheduling of material handling devices such as hoist directly a.ects the throughput of a
production system. In the printed circuit boards industry, electroplating is an important material
handling process. Scheduling the movement of material handling hoist for electroplating processes is
generally known as the HSP problem and has been proven to be an NP-complete problem [1]. The
objective of hoist scheduling problem is to 2nd a cyclic sequence of hoist moves that minimizes
the cycle time or maximize the throughput of a production system. In this study, a mixed integer
model is proposed to solve single hoist scheduling problem with multiple tanks at a bottleneck
stage.
The paper is organized as follows. Section 2 provides the background information for the single
hoist scheduling problem. Section 3 models the single hoist cyclic scheduling problem with multiple
tanks. An illustrative example is presented in Section 4. Conclusions are given in Section 5.

2. Problem background
Scheduling hoists that are controlled by computers in automated electroplating production line is
a typical example of HSP. Fig. 1 presents a general structure of HSP problem. An electroplating
line usually consists of a loading station, an unloading station, and a number of chemical processing
tanks arranged in a row. Sometimes, loading and unloading are conducted at the same station. After
it is loaded onto hoist at the loading station, the product is moved to the process tanks in sequence
for processing. In each tank, the product needs to be processed for a period within an allowable
time range. There is no bu.er between tanks. When it 2nishes processing in the last processing tank,
the product is moved to the unloading station where the product is unloaded from the hoist. The
moves of products between tanks are performed by a computer-controlled hoist which is mounted
to the track. After completing a move, the hoist travels to another tank to perform another move.
When there is only one product in the system, the production is usually cyclic. The purpose of HSP
is to schedule the moves so that the production cycle is minimized or throughput of the system is
maximized.
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Fig. 1. An electroplating line.
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