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Abstract: The purpose of this paper is to examine SMED in a TPM perspective by proposing the integration 
of principles and tools for the two methodologies. This new TPM-SMED aims at achieving not only the 
SMED objectives of reducing the changeover time, but also the TPM objectives of increasing performance, 
reducing accidents and defects, improving working conditions, empowering and engaging operators in the 
manufacturing process. This happens through the application of a new version of SMED using TPM tools, 
logics and principles.  The overall objective of increasing productivity is fundamental both in SMED and in 
TPM, but the philosophy underlying the two approaches is often distant. In TPM productivity growth is the 
result of a series of additional tasks of equipment maintenance that result in higher reliability and therefore in 
a reduction of downtime due to failures. This additional time is used for preventive activities regarding quality 
maintenance, training ... aimed at increasing productivity. In SMED the increased productivity is achieved by 
directly reducing the setup time, without adding any other activity. Additional time can be used for 
production. TPM-SMED methodology aims at overcoming the limitations of SMED through synergies 
between the two methods, achieving productivity goals common to SMED and TPM and additionally the 
TPM objectives referring to higher quality, lower costs, focus on safety and empowerment of operators.  
TPM-SMED’s objective is to draw attention to the improvements of equipment performances as a whole, 
not just regarding the setup time: therefore, it also involves the optimization of run-up (start up and 
adjustments needed after the setup), and a more general attention to line productivity in terms of its 
maintenance. This heightened attention to the overall system productivity was not defined in the classical 
SMED, which instead focuses only on reducing the changeover time. TPM-SMED takes from classic SMED 
principles a factor leading to the simplification and standardization of activities, because with standardization 
it’s harder to make mistakes. The studied model was then translated into a framework for implementation, 
which allows the diffusion of the method from theoretical to practical application on a real case study, taking 
into account the peculiar needs and barriers in the specific industrial reality. This method was then applied to 
the case of the Italian plant of a pharmaceutical company: the as-is situation regarding the implementation of 
the TPM alone has been analyzed, and the need of changeover activities optimization has been considered; 
then the TPM-SMED method has been implemented on a pilot line, and finally the improvements proposed 
by the application of the method and results have been described. 
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1. Introduction  

The purpose of this paper is to examine SMED in a TPM 
perspective by proposing the integration of principles and 
tools for the two methodologies. This new TPM-SMED 
aims to achieve not only the SMED objectives of reducing 
the changeover time, but also the TPM objectives of 
increasing performance, reducing accidents and defects, 
improving working conditions, empowerment and 
engagement of operators in the manufacturing 
process. This happens through the application of a new 
version of SMED using TPM tools, logics and principles.  

2. Lean Manufacturing 

Lean Manufacturing (Womack and Jones, 1990) is a 
production and organizational model used to increase 
value for the end consumer by minimizing wastes 
throughout the production process: it uses continuous 

improvement to reach this objective. The main elements 
that must be considered are the following: 

1. Focus on value 

2. Elimination of the major wastes in production 

3. "Do more with less"  

These factors imply the need to spend more time in 
improvements (and less in emergencies), to involve 
everyone and to change our point of view in a way that 
involve the discussion of the status quo. In this 
perspective, Lean can be seen as a systematic method for 
improving and simplifying business. 

SMED and TPM are two methodologies adopted by Lean 
to increase productivity: for that reason they share Lean 
principles and objectives (do more with less, increase 
productivity, waste elimination). Factors common to both 
methods are therefore those introduced by Lean 



(involvement of everybody, efforts towards performance 
improvement, questioning the status quo), but TPM and 
SMED are focused on different elements. 

TPM - Total Productive Maintenance - is an approach to 
maintenance that maximizes plant efficiency, eliminates 
failures and promotes preventive maintenance (by 
maintenance personnel) and autonomous maintenance by 
operators through daily activities involving everybody 
(Conway and Perry, 1999, Bhadury, 2000). TPM is defined 
as a maintenance strategy based on teamwork and 
designed to maximize plant efficiency: it establishes a 
system of productive maintenance that covers the whole 
life of the equipment; it is extended to every relevant area 
of the system (planning, production, maintenance) and 
involves every single person, from top management to 
operators (Nakajima, 1988; Bamber et al., 1999; Suzuki, 
1992). TPM is based on 5 S, a method for the 
organization of the workplace that helps to keep it in 
order. Then 7 pillars can be used: Focus Improvement, 
Autonomous Maintenance, Planned Maintenance, 
Training, Quality Maintenance, Safety, Health and 
Environment, TPM for Office. 

TPM is based on the direct involvement of operators: this 
aims to let them own a part of the process and to enhance 
their skills to make them proactive in improvement 
activities, since those operating the machine are the same 
understanding at the best how to improve it. It’s based on 
continuous training and on sharing knowledge and 
experiences: this way operators can understand the 
equipment criticalities, becoming owners of a 
manufacturing process instead of just performing it. 

SMED - Single Minute Exchange of Die focuses on 
eliminating non-value added activities from changeover, 
that results in reduced setup time (Shigeo Shingo, 1985). 
This allows benefits such as reducing lot size, increasing 
system flexibility, reducing costs and improving 
productivity (Spann, et al., 1999, Van Goubergen, 2000). 

2.1 SMED and TPM 

Most of the authors (Moxham and Greatbanks 2001, 
Swanson 1999, McIntosh, et al., 2001, Suzaki 1987) 
explains that, as in TPM, the implementation of 
improvement in SMED is done through the participation 
of all operators based on teamwork: devolvement of 
authority is encouraged on the basis of the belief that 
those operating the machine are the same understanding 
at the best how to improve it. 

The overall objective of increasing productivity are 
fundamental both in SMED and in TPM, but the 
philosophy underlying the two approaches is often 
distant.  

• TPM productivity targets are achieved through quality 
(making production more stable through 
standardization and optimization of activities), costs 
(increasing the flexibility of the system by improving 
operations efficiency), safety (improving workplace 
conditions, creating a “zero accidents” environment 
and eliminating risks) and operators engagement 
(increasing operators knowledge about product and 

process, enhancing their problem solving skills, 
improving their empowerment and their level of 
knowledge and skill). Productivity growth is the result 
of a series of additional tasks of equipment 
maintenance that result in higher reliability and 
therefore in a reduction of downtime due to 
failures. This additional time is used for the 
production of good quality products.   

• In SMED the increased productivity is achieved by 
directly reducing the setup time, without adding any 
other activity. Additional time can be used for 
production. 

3. The TPM-SMED method 

TPM-SMED methodology aims to  

1. overcome the limitations of SMED through 
synergies between the two methods,  

2. achieve productivity goals common to SMED 
and TPM  

3. achieve the TPM objectives referring to higher 
quality, lower costs, focus on safety and 
empowerment of operators while applying 
SMED.  

TPM-SMED aims to draw attention to the equipment 
performance’s improvement as a whole, not just regarding 
the setup time: therefore, it also involves the optimization 
of run-up (start up and adjustments needed after the 
setup), and a more general attention to line productivity in 
terms of its maintenance. This heightened attention to the 
overall productivity was not defined in the classical 
SMED, which instead focuses only on reducing the 
changeover time. TPM-SMED takes from classic SMED 
principles a factor leading to the simplification and 
standardization of activities, because with standardization 
it’s harder to make mistakes. 

The ability to perform a quick changeover has value only 
if it’s exploited by planning function to produce a proper 
lot scheduling. Often it happens that this ability is only a 
production skill. According to TPM-SMED method, the 
productive capacity saved reducing the setup time can be 
used for activities that increase the total productivity of 
equipment, such as inspection, periodic cleaning, 
autonomous maintenance... 

3.1 SMED limitations and improvements achieved with TPM-
SMED 

The first limitation to the application of classical SMED is 
the sustainability of implemented improvements: 
according to Mileham et al. (1999), “The reduction of 
changeover times should take place within an overall 
methodology aimed at ensuring success and 
sustainability”. 

It can be very difficult to sustain over time changes to the 
current way of working, if that change is not precisely 
checked and standardized. Maintaining the success 
achieved in reducing the setup time is as important as 
achieving it: it’s necessary to avoid a return to the less 
efficient practices by supporting stricter ways of working 



in order to obtain faster changeovers. In a TPM 
perspective, sustainability is ensured on one hand by 
people engagement: they are so directly involved in the 
process of improvement that none of them wants back 
the old way; on the other hand, the use of instruments 
derived from TPM as Standardization, Visual 
Management, 5 S, Poka Yoke, makes it harder to deviate 
from the right procedures.   

An important lack of SMED was the consideration and 
motivation of human factor. Two factors highlighted in 
this regard by Stanton (1993) and verified by McIntosh et 
al. (1996) are skill and intelligence: these elements should 
be developed and increased to maintain over time the 
gains obtained through SMED, together with the 
development of other technical solutions. In terms of 
changeover, a lack of skill in any area can be addressed by 
training. However an experiment by Beer et al. (1990) 
reveals how “the improvement teams can be extensively 
trained and then not” be “able to make use of the training 
that they have received”. On the contrary, through TPM 
principles operators can use new skills acquired: some 
responsibility are in fact devolved to them, such as 
involving them in setup activities when performed by 
maintenance; the increased responsibility requires 
additional training to enable them to get the necessary 
skills and competencies, leading to their higher 
involvement towards the objectives of setup 
improvements. 

One of the limitations to the application of classical 
SMED highlighted by McIntosh et al. (1996) regards 
safety: "where artificial pressure is brought to bear, the 
changeover crews are more likely to perform in an unsafe 
manner". The use of the TPM-SMED method focuses the 
attention on security by improving workplace conditions 
and eliminating risks through some TPM tools such as 5 
S, Poka Yoke, Standardization and Visual Management, 
and integrates the additional activities into the setup time 
in order to optimize them. 

Another problem highlighted by McIntosh et al., (2007) 
regards the difficulty in following the right sequence of 
steps described by the SMED methodology. In this 
regard, the TPM-SMED method uses continuous 
improvements tools deriving from Problem Solving 
techniques to guide the involved workers through the 
various stages, to highlight for each stage the elements 
needing more attention and to ensure the sustainability of 
achieved improvements over time.  

3.2 Framework for implementation 

The studied model has been translated into a framework 
for implementation, which allows the diffusion of the 
method from theoretical to practical application on a real 
case study, taking into account the peculiar needs and 
barriers in the specific industrial reality. 

To achieve the proposed objectives, TPM-SMED 
program uses all the typical TPM tools (Value Stream 
Mapping, 5 S, Visual Management, Standardization, Poka 
Yoke, Problem Solving, Training, PDCA cycle, Team 
Work ...) and integrates the associated activities into the 
setup time to optimize them. 

The overall goal is to make operators more aware about 
the leading role they play in improving the overall 
performance, so that they become owners of a 
manufacturing process instead of just performing it: this 
awareness is reflected in the attempt to focus on the total 
performance of the machine, and not only on setup time. 
The result they should achieve is to use TPM tools 
integrating and optimizing them in the setup. 

The fundamental steps of SMED remain the same in 
TPM-SMED, but the logic behind them is different and it 
changes how they must be performed. 

The phases through which this method can be applied are 
the following: 

• measure the setup total time in the current state; 

• analyze how setup is performed to identify 
internal and external elements, calculating the 
time of each element; 

• convert internal activities in external as much as 
possible 

• reduce the total time required to perform the 
remaining internal elements; 

• reduce the time for the external elements; 

• standardize changeover procedures. 

As in TPM, through Focus Improvement higher attention 
is paid to setup activities that cause more problems, and 
using Problem Solving tools (a set of tools easily 
accessible by operators used for the analysis and research 
of solutions to a problem) we investigate the causes of 
these problems and propose possible solutions. 

In this process the input of operators is essential, on one 
hand because those operating the machine are the same 
understanding it at the best and then can offer the most 
interesting contributions to improvement. On the other 
hand, their involvement in the process of improvement is 
crucial, because sustainability of changes depends heavily 
on how much operators are involved in this change 
process. Empowerment of resources is thus the way used 
to ensure the right level of involvement of people. 

Another factor deriving from TPM philosophy is 
collaboration between all functions of the company, from 
maintenance to suppliers of raw materials, to 
administration, from top management to operators. 

The mixed phase is the initial situation, before any attempt 
at improvement is applied. 

Step 1 

This step consists in the collection of data through the 
observation of a setup made by an external observer 
(engineer, manager, consultant, etc..): he defines all the 
elementary activities of setup and their times in the 
current state. TPM tool that can be applied at this stage is 
Value Stream Mapping, used to map the process of 
changeover. 

 



Step 2 

With STEP 2 we define Macro-activities that summarize 
the whole changeover (they depend on the type of 
equipment and process analyzed); then the activities 
identified in the previous stage can be organized in the 
classes just defined. 

Step 3 

In this step we understand the priorities for improvement 
activities. Starting from Value Stream Mapping and from 
the analysis of historical data about setup, we proceed to 
the analysis of the process and of the time losses. 
Particular attention must be paid to the run-up phase, 
distinguishing two cases: the first in which  run-up regards 
only regulations and centering needed after the setup (in 
this case classic SMED can be used); the second in which 
run-up comprises any potential inefficiency deriving from 
equipment problems (in this case TPM-SMED can 
achieve the best results). The external observer (engineer, 
manager, technician, etc..) draws Pareto charts describing 
the time length of activities to identify priorities for 
improvement activities. In particular it is useful to draw a 
Pareto chart of the Macro-activities, another Pareto chart 
regarding the elementary activities, and the routing 
diagram, which shows the entity of physical movements 
within the workspace, describing the path covered by each 
person involved in the setup. 

The use of Pareto charts is important because they 
provide a tool for data analysis easy to understand that can 
be shown to operators to direct their actions. 

Step 4 

During STEP 4 operators identify value-added activity of 
the setup, i.e. the individual tasks to accomplish during the 
setup that add value to the product from the consumer 
point of view. Knowing these activities is useful for the 
subsequent optimization, because all the additional tasks, 
such as movements, should be avoided. 

Step 5 

During the split phase, STEP 5 can be applied: the activities 
of setup are the divided in internal and external. At this 
stage, operators are looking for a way to make external as 
much internal activities as possible, in order to run them 
outside the time the machine is stopped. Among the 
techniques to support this step there is preparing the 
operating conditions in advance, standardizing functions 
and using instruments that serve as intermediaries to 
complete the various activities (simplification). 

Step 6 

STEP 6 optimizes the order of activities, assessing the 
impact of the new order on the total setup time. In this 
phase operators themselves decide how to organize their 
work. They should suggest improvements in the process 
of changeover, aiming not only at minimizing the setup 
time, but also at achieving the goals related to safety, 
quality and machine reliability: in this way TPM-SMED is 
used as a tool whose objectives rely in a more general 
TPM project. 

Starting from the evidence of critical activities in terms of 
duration (STEP 3) and considering critical tasks in terms 
of safety, quality or reliability of the machines according 
to their experience, operators propose improvement 
actions, possibly sharing with others the consolidated best 
practices. 

In this phase standardization of components, 
parallelization of operations, improvement of transport 
and storage of products, sharing of best practices are 
applied. 

This step should be treated as a brainstorming phase, in 
which all ideas should emerge without considering the 
actual feasibility of the proposed solutions. 

Step 7 

In STEP 7 operators seek technical improvements that 
can help in setup time reduction, product quality 
improvement or avoiding errors. Some tools, such as 
color coding and spatial layout, may be used to make 
items easier to find and to make it harder to make 
mistakes. Where possible, it’s helpful to use foolproofing 
tools (Poka Yoke) to prevent errors, to make clear their 
occurrence or to reduce their effects. 

For every action highlighted in the last two phases, a cost-
benefit analysis must be done to see if it’s actually 
convenient to implement the proposed solutions. In this 
phase managers or engineers will be involved: they must 
find an economic reason for the proposed improvements. 
When they decide which of the ideas can be implemented, 
they can evaluate their impact on the setup time through 
changes in Pareto charts and in the routing diagram. Now 
the possible reduction of changeover time can be 
estimated. 

This is the optimized phase.  

Step 8 

STEP 8 consist in the implementation of the accepted 
proposals following the ideas of continuous improvement, 
i.e. according to the Plan-Do-Check-Act philosophy. 
After the implementation of any improvement takes place, 
the situation must be monitored to see if the expected 
reduction is actually achieved. If not, other actions are 
needed to understand why the goal wasn’t met and to 
resolve problems. Crucial to this stage is the focus on 
sustainability of changes: such sustainability derives 
directly from the use of lean tools Standardization, Visual 
Management, 5 S, Poka Yoke ... that actually make the job 
easier, but especially from people engagement. Tools 
deriving from TPM that may be useful in this step are 
One Point Lesson, Standardization forms and Visual 
Management. 

This step include training for operators, so that they can 
use the presented tools, and the succeeding assistance 
during their use, in order to ensure their correctness and 
sustainability. 

 

 



4. Conclusions 

The methodology presented examines SMED in a TPM 
perspective by proposing the integration of principles and 
tools for the two methodologies. From classic SMED 
principles is kept a factor leading to the simplification and 
standardization of activities, because with standardization 
it’s harder to make mistakes. In TPM-SMED there are 
higher productivity advantages compared to the only 
implementation of SMED, thanks to the use of some 
typical TPM tool such as Visual Management, Focus 
Improvement, Training, and thanks to the possibility to 
integrate the additional activities related to 5 S and 
Autonomous Maintenance into the setup time in order to 
optimize them. This new TPM-SMED aims to achieve 
not only the SMED objectives of reducing the changeover 
time, but also the TPM objectives of increasing 
performance, reducing accidents and defects, improving 
working conditions, empowerment and engagement of 
operators in the manufacturing process. The TPM-SMED 
methodology also involves the optimization of run-up 
(start up and adjustments needed after the setup), and a 
more general attention to the overall line productivity. 

This method has been applied to the case of the Italian 
plant of a pharmaceutical company: the as-is situation 
regarding the implementation of the TPM alone had been 
analyzed, and the need of changeover activities 
optimization was considered; then the TPM-SMED 
method was implemented on a pilot line, and finally the 
improvements proposed by the application of the method 
and results were described.  

The examined data suggested that setup related activities 
were 46% of total losses over a period of 4 months, 
resulting in an average of 3 man-hours and 6 minutes, 
( two person operating 93 minutes).  As described by the 
TPM-SMED method, starting from these data and from 
an observation of a changeover, priorities for 
improvements in terms of more time consuming activities 
have been defined. On the basis of the analysis carried 
out, some TPM elements such as a Autonomous 
Maintenance and 5 S, and some TPM tools such as Visual 
Management, One Point Lesson, Focus Improvement 
were applied; operators proposed some possible 
improvement, which were then analyzed by management 
to assess if the proposed solutions were actually 
profitable. Only applying the proposed and accepted 
changes, the duration of setup has been reduced by about 
30-35 man-minutes, that represent about 17-19% of man-
hours required to perform setup in the unchanged 
situation. 
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