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Abstract—Changeover time is typically one of the most
critical aspects that significantly affect the overall effectiveness
of manufacturing systems. Basically, changeover time has been
identified as a major source for efficiency declines in production
facilities as it drastically consumes time as well as other
resources with no added value. Particularly, in small to medium
sized manufacturing systems that rely on batch production in
achieving the product variety that can cope with customer
requirements, changeover time reduction is a key enabler for
achieving the organization strategic objectives. This paper
provides a review for the methodologies commonly employed for
quick changeover. Besides, it highlights the case studies in
literature that successfully employed such methodologies in
changeover time reduction. Furthermore, a conceptual
framework that provides a systematic and straightforward
guide for identifying and improving changeover activities has
been presented in this paper. The proposed framework is mainly
based on the DMAIC (Define-Measure-Analyze-ImproveControl) and DMADV (Define-Measure-Analyze-Design-Verify)
six sigma methodologies. The framework adopted the
DMAIC/DMADV as an integrated approach that can be
customized to provide the essential roadmap for reducing
changeover time.
Keywords—DMAIC Methodology; DMADV Methodology;
Changeover Time; Quick Changeover; Single Minute Exchange
of Die (SMED)

I.

INTRODUCTION

Manufacturing enterprises currently are challenged by
high diversity in customer requirements as well as intricacy of
market and competitiveness. Consequently, several
manufacturing organizations opted to produce and dispatch
products in relatively small batch in order to cope with those
challenges [1]. In small to medium size enterprises targeting
medium to high variety in small batches, the main objective is
to meet customer demand, shorten lead times and reduce
inventories. In such environment, there are different types of
products per day associated with large variations in material
and processes so that it is difficult to achieve uniform
production and processing methods. To ensure the timely
production for satisfying customer requirements as well as
avoiding excessive inventories, such production mode
necessitates frequent changeovers between products [2].
Besides, manufacturing organizations started employing
production leveling (heijunka) to order achieve smooth and
stable utilization of resources [3, 4]. Production leveling
entails defining the sequence of manufacturing different
products in a mixed model production to balance production
minimize differences in the workstation loads. Definitely,
production leveling can help in smoothing production peaks
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and avoiding work overloads as well as enhancing efficiency
[5]. Meanwhile, the implementation of production leveling is
associated with frequent changeovers. Therefore, quick
changeover is considered as prerequisite for responsive
production systems [6].
Consequently, quick changeover initiatives are gaining
more focus in different industrial applications. Several
academic researchers and consultants have introduced many
contributions in this field. Particularly, Shingo in 1985 [7],
have proposed an approach that is mainly targeted
organizational improvement. This is widely known as
Shingo's SMED that stands for Single Minute Exchange of
Die. The SMED methodology basically targets to quick
change of tools in a single minute digit. That is the elapsed
time in setups should be reduced to less than 10 minutes [8].
Despite the SMED concept was originally established for
improving machine tool changeovers, particularly in
exchanging dies in press operations, its principles are
applicable for any type of processes [9]. Mainly, the SMED
relies on converting the setup activities that necessitates
stopping the production unit (internal) into activities that can
be done externally while the production unit is functioning.
The procedure primarily includes five steps. These include
observation and recording of setup tasks, then classifying
internal and external ones. Further, converting as much as
possible the internal ones to be done externally. This should
be followed by streamlining of all tasks, the documentation of
setup procedures. Typically, the changeover time can be
measured as the time elapsed between the production of the
last good part (at the maximum speed) and the production of
the first good part (at maximum speed) [7, 10].
Generally, SMED implementation has the advantage of
expanding manufacturing capacity as well as enhancing the
equipment flexibility. As a result, that makes working with
smaller batch sizes more feasible and improves the utilization
of the production facility [11]. However, failing the SMED
initiatives in some organizations has been highlighted in [1113]. This failure has been basically attributed to only
emphasizing on transferring changeover internal tasks to
external ones, while ignoring the importance of streamlining
internal and external activities by design improvements. It has
been argued that the SMED methodology mainly concerned
with changing the way the people work rather than physically
modifying manufacturing equipment [12, 13]. Further, it has
been observed that improvements in changeover are difficult
to be sustained in some cases. Besides, it has been reported
that changeover reduction initiatives are usually attempted in a
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relatively ill-structured, ad hoc style that lacks top
management commitment needed for major modifications
rather than relying only on organizational improvements that
lack sustainability on the long term [14]. It has been also
reported that the changeover time reduction based on Shingo’s
SMED mostly focuses on scenarios including simple one
machine and one operator rather than multi-stage production
lines or cells [15].
Therefore, this paper proposed a framework that provides
a simple and straightforward framework for changeover time
reduction. The framework does not only provide a structured
methodology for changeover time reduction, but it also
integrated options of making major design modifications.
Besides, it entails a control phase such that the obtained
results can be easily sustained. The presented framework
basically integrates and customizes the DMAIC (DefineMeasure-Analyze-Improve-Control) and DMADV (DefineMeasure-Analyze-Design-Verify) six sigma methodologies to
provide the essential roadmap for reducing changeover time.
II.

LITERATURE REVIEW

Several review articles have highlighted the research
considered the quick changeover practices. For instance, a
review of 130 articles concerned with SMED from 1995 to
2018 has been conducted and introduced in [16]. Another
review article also on SMED addressed 70 publications from
2007 to 2018 [17]. Further, earlier reviews have been also
presented in [18, 19]. These articles have classified the
literature on SMED based on different categories such as
fields of implementation, research methods, tools employed,
and countries as well. The successful implementation of quick
changeover will be highlighted and different case studies in
the literature will be reviewed in this section.
For instance, in a printing facility, it has been reported that
the changeover time has been reduced through converting
45% of the internal setup activities into external ones. Besides,
improvements in internal setup times have achieved using the
5S methodology which results in further significant
improvements in changeover time and production capacity as
well [20]. In an Aluminum profile company that has an
extrusion line working in batches with frequent changes of
dies, it has been demonstrated that implementing SMED can
result in savings of about 5% to 15% in running cost with
simultaneous increase in production capacity [21]. Likewise,
the use of SMED approach in one of the SIM card
manufacturing companies has enhanced the company’s
capability in efficiently manufacturing wide range of products.
The SMED implementation has resulted in reducing the
nonvalue-added labor hours spent on setup activities of the
module implanting machine. A reported time reduction of
about 87.5%. has been achieved accompanied with an overall
equipment effectiveness (OEE) 4.7% improvements [22]. In
the surface coating department of a wood manufacturing
Company producing fiberboards, implementing the SMED
has achieved a 50% decrease in changeover time. These
improvements are attributed to introducing some addition
tools and cleaning of workplace in addition to visual storage
standards and display along with minor design changes were
introduced to improve the changing the instrumentation
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accompanied with training sessions for operators [23]. In one
of the facilities producing Styrofoam products using injection
presses, significant time reduction has been realized at low
investment cost using SMED technique [9]. Meanwhile, the
SMED implementation at a metal barrel manufacturing cite
has also improved the changeover loss [24]. In the
pharmaceutical industry, economic benefits from the SMED
implementation have been reported in changeovers between
products on a certain packaging machine [25]. In one the
metallurgical factories, long setup times along with complains
of works from shoulder pains and tendinitis during performing
manual tasks have been identified as the major productivity
problems. Using the SMED principles and enhancing the
ergonomic circumstances have resulted in 46% reduction in
setup times and decreased the risk of workers’ injuries as well
[26]. In gears production, the SMED has improved the
unproductive time of honing shafts which resulted in tangible
capacity improvements [27].
In the literature the SMED methodology has been widely
integrated with other improvement methodologies. Typically,
it has been employed along with other lean tools such as 5S,
visual management, Kanban, Total Productive Maintenance
(TPM), and Kaizen [20, 25, 28-33]. For instance, to improve
the changeover process in a five-axis CNC machine operation,
the conventional SMED method has been integrated with
other process improvement tools such as the cause-and-effect
analysis, five whys analysis [32]. Similarly, to increase
flexibility and productivity of a seat-cable assembly line at an
automotive company, 5S, operators training, and visual aids
have incorporated with SMED. This has resulted in 58.3 %
reduction in setup times [33]. Besides, other tools such as
Taguchi experimental design has been also employed along
with SMED in injection molding production [31].
Furthermore, the value stream mapping (VSM) as one of the
lean tools has been effectively used with the SMED and
promising results have been achieved. VSM and SMED
enabled a reduction in the nonvalue added activities related to
changeover time by 34% and increased the production
capacity of a particular line 11% in a food processing industry
[34]. Additionally, some studies considered the enhancement
of changeover capabilities through considering the quick
changeover during the equipment design stage. The awareness
of the importance of having short changeover along with some
design guidelines can support designing equipment for quick
changeover [13, 35, 36].
III. THE PROPOSED CONCEPTUAL FRAMEWORK
In this paper, a conceptual framework for improving
changeover process is presented as shown Fig. 1. The
suggested framework basically adopted the DMAIC (DefineMeasure-Analyze-Improve-Control) six sigma methodology
and customized it for the sake of reducing changeover time.
The first phase in this framework is the Define phase which is
mainly concerned with monitoring the manufacturing process
to identify the frequency of changeover as well as the
changeover activities. The framework can be employed either
for simple process involving one machine or a whole
production line with several processes. It is important at this
phase to identify all the changeover activities along the
production processes.
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Fig. 1. The proposed conceptual framework for changeover time reduction

The second phase is the Measure phase, in which all the
changeover activities should be monitored and video recorded
to assess the current practices and their associated times. In
this phase it is critical to employ several tools such as Value
Stream Mapping. In such applications, a current state value
stream map should be constructed to model the steps included
in the changeover process itself not the manufacturing
processes. This can significantly help in identifying the
nonvalue-added activities during changeover. Besides, check
sheets can be also used for collecting and organizing data.
The third phase is the Analyze phase which is concerned
with using tools such Pareto analysis to identify the most
time-consuming activities. This can help in focusing the
improvement efforts on the most critical nonvalue added
activities in the changeover process. Besides, in case of
dealing with a manufacturing line with changeovers in
different process, the Pareto analysis can prioritize these
changeover processes according to the time losses associated
with them. In this phase, it is also essential to conduct brain
storming sessions with manufacturing team to investigate the
process to identify the causes of long changeovers. Tools such
as cause and effect diagram as well as 5 why analysis can be
implemented in this phase to identify the root causes of times
losses in changeover processes.
The fourth phase of this framework is the Improve phase
that is concerned with implementing ideas and techniques for
reducing changeover time. This phase includes employing the
guidelines included in the SMED methodology. This SMED
entails transforming as much as internal changeover activities
into external ones along with simplification of all activities
and elimination of the unnecessary activities. In the
improvement phase, other lean tools such as the 5S approach
can be employed to organize the workplace, which be its turn
can significantly affect the work environment. Besides, job
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aids, visual management, and work standards can be also
employed to make the changeover tasks easier to perform. In
is critical also to investigate the ergonomics of tasks and work
environment to enhance the workers performance.
Additionally, all the required operators training should be
considered during this phase.
After accomplishing the recommended improvements, the
achieved reduction should be assessed in terms of the amount
of time saved and the sustainability of the achieved results. If
these achieved results are satisfactory, one should proceed to
the final step which is the Control phase. This phase is very
critical because it has a significant role in sustaining the
achieved improvements. This phase involves the changeover
process documentation and monitoring to assure that the work
instructions are being strictly followed to sustain the achieved
reductions in changeover time.
While if the achieved reductions in changeover time are
not satisfactory either in terms of the amount of reduction or
the sustainability, it is recommended start making design
modifications by following the DMADV (Define-MeasureAnalyze-Design-Verify) methodology. It involves five phases
that starts with identifying the objectives of design
modifications in the Define phase, followed by the Measure
phase to identify the key characteristics that affect the
changeover activities. Then, in the Analyze phase, different
alternatives for design modifications should be generated and
assessed to select the most appropriate one. In this phase,
different design guidelines as well as the principles of design
for changeover can be employed as recommended in [6, 13,
35]. This should be followed by providing the details of the
proposed design modifications, which is known as the Design
phase. The last stage is the Verify phase that entails the
verification of the proposed design either through simulation
or pilot runs on a prototype. After completing the DMADV
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cycle, the modifications are employed and assessed and if the
reduction is satisfactory, one should proceed to the control
phase of the DMAIC cycle.
IV.

CONCLUSION

Quick changeover has become a prerequisite for coping with
high variety in customer requirement while maintaining high
utilization of production resources, particularly in batch
production systems. The effectiveness of changeover
reduction approaches can be mainly assessed based on the
changeover time reduction, as well as the sustainability of the
achieved results. Despite the effectiveness and sustainability
associated making major design changes to reduce changeover
time, such approaches are more costly. Therefore, this paper
has introduced a framework that integrates both of DMAIC
and DMADV six sigma methodologies to achieve the targeted
reduction in changeover time. Since the modifications in the
already existing changeover practices do not cost as much as
the major design modifications or the new designs, the
proposed framework starts with the DMAIC methodology to
initially target improving the current practice. Meanwhile, to
overcome the sustainability issues, the DMAIC phases entails
a control phase for sustaining the achieved improvements. In
case of unsatisfactory results, major design modifications or
new designs can be achieved through following the DMADV
phases. Hence, the suggested framework can provide the
improvement team with a well-structured straight forward
methodology that integrates all the available options for
changeover time reduction.
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