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Abstract

Disassembly activities take place in various recovery operations including remanufacturing, recycling and disposal.
The disassembly line is the best choice for automated disassembly of returned products. It is therefore important that
the disassembly line be designed and balanced so that it works as efficiently as possible. The disassembly line balancing
problem seeks a sequence which: is feasible, minimizes workstations, and ensures similar idle times, as well as other end-
of-life specific concerns. However finding the optimal balance is computationally intensive with exhaustive search
quickly becoming prohibitively large even for relatively small products. In this paper the problem is mathematically
defined and proven NP-complete. Additionally, a new formula for quantifying the level of balancing is proposed. A
first-ever set of a priori instances to be used in the evaluation of any disassembly line balancing solution technique
is then developed. Finally, a genetic algorithm is presented for obtaining optimal or near-optimal solutions for disas-
sembly line balancing problems and examples are presented to illustrate implementation of the methodology.
� 2005 Elsevier B.V. All rights reserved.
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1. Introduction

In recent years, the implementation of extended
manufacturer responsibility together with new,
more rigid environmental legislation and increased
public awareness has caused a growing number of

manufacturers to begin recycling and remanufac-
turing their post-consumed products after they are
discarded by consumers. In addition, the economic
attractiveness of reusing products, subassemblies or
parts instead of disposing of them has further fueled
this effort. Recycling is defined as a process per-
formed to retrieve the material content of used
and non-functioning products. Remanufacturing
on the other hand is an industrial process in
which worn-out products are restored to like-new
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conditions. Thus, remanufacturing provides the
quality standards of new products with used parts.

Product recovery aims to minimize the amount
of waste sent to landfills by recovering materials
and parts from old or outdated products by means
of recycling and remanufacturing (including re-
use of parts and products). There are many attri-
butes of a product that enhance product recovery;
examples include: ease of disassembly, modularity,
type and compatibility of materials used, material
identification markings and efficient cross-indus-
trial reuse of common parts/materials. The first cru-
cial step of product recovery is disassembly.

Disassembly is a methodical extraction of valu-
able parts/subassemblies and materials from dis-
carded products through a series of operations.
After disassembly, reusable parts/subassemblies
are cleaned, refurbished, tested and directed to
the part/subassembly inventory for remanufactur-
ing operations. The recyclable materials can be
sold to raw-material suppliers while the residuals
are sent to landfills.

Disassembly has recently gained a great deal of
attention in the literature due to its role in product
recovery. A disassembly system faces many unique
challenges; for example, it has significant inventory
problems because of the disparity between the
demands for certain parts or subassemblies and
their yield from disassembly. The flow process is
also different. As opposed to the normal ‘‘conver-
gent’’ flow in regular assembly environment, in dis-
assembly the flow process is ‘‘divergent’’ (a single
product is broken down into many subassemblies
and parts). There is also a high degree of uncer-
tainty in the structure and the quality of the
returned products. The condition of the products
received is usually unknown and the reliability of
the components is suspect. In addition, some parts
of the product may cause pollution or may be haz-
ardous. These parts tend to have a higher chance
of being damaged and hence may require special
handling which can also influence the utilization
of the disassembly workstations. For example, an
automobile slated for disassembly contains a vari-
ety of parts that are dangerous to remove and/or
present a hazard to the environment such as the
battery, airbags, fuel and oil. Various demand
sources may also lead to complications in disas-

sembly line balancing. The reusability of parts cre-
ates a demand for these parts however, the
demands and availability of the reusable parts is
significantly less predicable than what is found in
the assembly process. Most products contain parts
that are installed (and must be removed) in differ-
ent attitudes, from different areas of the main
structure, or in different directions. Since any
required directional changes increases the setup
time for the disassembly process, it is desirable to
minimize the number of directional changes in
the final disassembly sequence. Disassembly line
balancing is critical in minimizing the use of valu-
able resources (such as time and money) invested
in disassembly and maximizing the level of auto-
mation of the disassembly process and the quality
of the parts or materials recovered.

In this paper the disassembly line balancing
problem (DLBP) is solved using exhaustive search
and a combinatorial optimization methodology.
Exhaustive search consistently provides the opti-
mal solution, though its exponential time complex-
ity quickly reduces its practicality. Combinatorial
optimization techniques however, are instrumental
in obtaining optimal or near-optimal solutions to
problems with intractably large solution spaces.
An exhaustive search algorithm is presented for
obtaining the optimal solution to small instances
of the DLBP. A genetic algorithm (GA) is then
presented for obtaining solutions for the DLBP.
The genetic algorithm considered here involves a
randomly generated initial population with cross-
over, mutation and fitness competition performed
over many generations. An example from the liter-
ature is considered to illustrate the implementation
of the methodology. The conclusions drawn from
the study include the consistent generation of opti-
mal or near-optimal solutions, the ability to pre-
serve precedence relationships, the superior speed
of the algorithm and its practicality due to the ease
of implementation in solving disassembly line bal-
ancing problems.

2. Literature review

Many authors have discussed the different
aspects of product recovery. For a comprehensive

S.M. McGovern, S.M. Gupta / European Journal of Operational Research 179 (2007) 692–708 693



Download English Version:

https://daneshyari.com/en/article/483148

Download Persian Version:

https://daneshyari.com/article/483148

Daneshyari.com

https://daneshyari.com/en/article/483148
https://daneshyari.com/article/483148
https://daneshyari.com

