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1 Abstract 

The present work aims to front the problem of Single 
Minute Exchange of a Die (SMED) for changeover. 
After  a literature review of SMED techniques an 
extension of the traditional SMED is proposed. In this 
extensions we include additional steps have to better 
characterize the whole process of SMED application. To 
each step, some tools are proposed and assessed with 
respect to their contribution for a fair analysis. The 
model is developed within an Action Research in a 
production line for automotive components. Results of 
the on-field application are shown in terms of set-up 
times reduction and activities rationalization. 

 

2 Introduction 

Organizations‟ main problem is how to cut costs, while 
producing small numbers of many types of products with 
seasonal variation. The solution of this problem is built 
up with lean based production systems (Özkavukcu and 
Durmuşoğlu, 2010). There are many tools of lean 
production, as value stream mapping, cellular 
manufacturing, 5S, SMED, pull production systems and 
production smoothing. The rewards of rapid, high-quality 
changeovers are widely described and they are advocated 
as a key instrument to enhance competitiveness, assisting 
both responsiveness to external market demands and 
internal control of factory operation (McIntosh et al., 
2007). 

The work collects and organizes a selection of feasible 
tools applicable for a SMED analysis. It is based on an 
extension of the traditional SMED model provided by 
Fritsche (2011) where additional steps have been 
included to fully characterize the whole process of 
SMED application. The model is aimed to be a guideline 
following the implementation steps for changeover 
optimization. To each step, some suitable tools for a 
deep and critical analysis are proposed and assessed with 
respect to their contribution for a fair analysis. The 
model has been tested in a real scenario represented by a 
production line for automotive components where a 
changeover optimization through SMED techniques was 
necessary. Results of the on-field application are shown. 

3 SMED and analysis tools 

In the past a lot of effort has been put to reducing the 
cycle time and  speeding up the output rate whilst totally 
ignoring the change overtime from one product to 
another. However reducing setup times can give the 
equivalent of huge increase in process speed without 

detriment to the quality of the product (Joshi and Naik, 

2012). 

Set-up  and  adjustment is one of  the  six  big  losses  of  
TPM,  and  SMED  is  the  heart of just-in-time 
production (Schmidt, 1997), TPM and continuous 
improvement process (Goubergen and Landeghem, 
2001). A set-up can be defined as the elapsed time 
between the last product leaving the machine and the 
first good product coming out. Berna (2011) identified 
three main reasons for setup reduction, i.e. flexibility, 
improvement of available capacities of the line and cost 
reduction. 

The quality of a set-up is determined by three key 
elements: technical aspects of equipment and tools, the 
organization of the work („who does what when‟) and the 
method used („how‟). All three key elements have to be 
optimized (Van Goubergen, 2010). There are several 
publications and case studies available on how set-up 
times can be reduced in existing situations. Basically, all 
the approaches are derived from the SMED method, 
originally developed by the Japanese Industrial Engineer 
Shigeo Shingo for reducing the time to exchange dies. An 
in depth overview and application case is provided by 
Moreira and Silva Pais (2011). This method gives a 
straightforward approach to improve existing set-ups and 
to easily obtain a reduction of up to 90%, with mostly a 
moderate investment (Van Goubergen and Van 
Landeghem, 2002). The implementation of SMED starts 
with a preliminary stage consisting in a previous analysis 
in order to clearly understand the changeover process, 
identifying all the setup operations involved (Sousa et al., 
2009). SMED or quick changeover allows  manufacturers  
to  keep  less  inventory  while  supporting  customer  
demand  for  products.  SMED or  quick  changeover  
programs  have  many  benefits for manufacturers e.g. 
reducing downtime associated with the changeover  
process  to  reducing  the  waste  created  during  startup 
(Tharisheneprem, 2008). Dave and Sohani (2012) 
provided also an extended literature review on SMED. 

Despite the theoretical approach of Shingo (1985), 
SMED was composed of three stages (i.e. Separate 
Internal and External setup, Shift Internal setup to 
External Setup and Improve all elemental operations) 
which serve as the guide/process on reducing the setup 
time of a  particular equipment. Fritsche (2011) proposed 
a SMED-based approach iterating over the basic 
principles avoidance, reduction and shifting of waste and 
efforts (Figure 1). 
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Figure 1: SMED-based approach 

SMED methodology distinguishes particularly between 
internal and external setup of the changeover process 
where external setup is done while the machine is 
running, e.g., tools and die preparation before setup, and 
internal setup is done while the machine is off, e.g., 
installation or replacement of new die (Agustin and 
Santiago, 1996). Preparation of parts, tools and 
maintenance  activities  should  not  be  performed while  
the  machine  is  stopped (Sivasankar et. al, 2011).  
According to Strickland (1997) the person most  familiar  
with  the  process  is  the  operator,  and  their input  
should  have high  priority while Van Goubergen and 
Van Landeghem (2002) stressed on the importance to 
apply SMED principles during the product design phase 
to help the designer to build „set-up friendly‟ equipment 
by assessing a set of design rules. Tharisheneprem (2008) 
proved  that  SMED  or Quick  Changeover  can  
effectively  be  applied  to  Semi-Automated  system. 

Alves and Tenera (2009) concluded  that  the  SMED  
methodology  can  be  combined  with  other  classic  
tools, providing  very  positive  results  for  companies  
allowing the identification  and  separation  of  different  
groups  for  analysis and  added  value  with respect to  
traditional  SMED methodology. The important tools for 
improvement should include: (i) I1:  Affinity  Diagram, 
(ii) I2:  Nominal  Group  Technique, (iii) I3: SMED, (iv) 
I4: Five  S, (v) I5: Mistake Proofing, (vi) I6: Value  
Stream  Mapping, (vii) I7: Brainstorming, (viii) I8: Mind 
Mapping, (ix) I9: Force  Field  Diagram (Basu, 2008). 
Referring to tools, Sekine and Arai (1992) applied kaizen 
for quick changeover where three types of waste are 
involved: set-up waste (motions of searching, finding, 
selecting, lining up and transporting), replacement waste 
(removing and attaching items) and adjustment waste 
(due to changeover settings that do not fully meet the 
relevant standards and specifications). Suzaki (1987) 
applied the use of routing or spaghetti diagrams. The 
video recording of a changeover occurrence is very 
useful, as some characteristics of the setup operations 
can be easily obtained (e.g. duration and necessary 
resources). Usually, informal meetings with the involved 

workers are also necessary to clarify other 

aspects/characteristics (Sousa et al., 2009). 

4 Research hypothesis and methodology 

The work is aimed to offer a review of suitable tools for 
supporting SMED analysis and to propose an innovative 
extended model for its implementation. The work is 
based on the following assumptions: 

A1. SMED implementation is a tough process 
requiring a strong organization of firm 
resources: firm management are interested in 
motivating internal human resources about the 
importance and benefits originating from the 
application of SMED techniques. This can be 
done through courses attended by external 
experts together with managers and operators 
stressing on fundamental aspects of the 
methodology whereas possible by the use of 
results raised from on-field application 
scenarios; 

A2. Firm resources must be oriented and 
coordinated along steps of SMED 
implementation: as anticipated, application of 
SMED technique is a long and resource 
consuming process where all human resources 
have to be guided for an effectiveness 
application leading to satisfactory results. In this 
sense, a model describing SMED steps and 
related application tools can be necessary as a 
reference  guideline of a such complicated 
process; 

A3. A variety of tools can be used in managing each 
step of SMED methodology: literature is full of 
application tools which can be selected from 
several areas and functions of a firm, e.g. quality 
or manufacturing. However it seems essential to 
assign each tool to the proper and suitable 
SMED step explaining its potentials, way of use 
and fields of applicability. A wide 
comprehension of the tool allows an effective 
adoption and avoids misunderstandings and 
application problems. 

Several experiences of industrial cases originating from 
action research approaches allowed to define an extended 
version of the traditional SMED steps defined by Shingo 
(1985) or Fritsche (2011). Traditional steps have been 
deepened and exploded according to the possible 
scenario which can originate from a SMED application in 
a test case. From a scientific point of view, a literature 
analysis on SMED applications have been developed to 
analyze previous approaches in manufacturing or 
production environments and already existing and used 
tools. Meantime lean and widespread tools applied to 
manufacturing, logistics and quality management have 
been analyzed with respect to their possible integration 
with SMED analysis. Each representative tool has been 
assigned to one or more steps of the extended model of 
SMED application highlighting the benefits which can 
originate. Finally, the proposed model has been followed 
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for the application of a SMED analysis in a test case for 

an on-field validation. 

An overview of the research methodology is shown in 

Errore. L'origine riferimento non è stata 
trovata.2. 

Action Research
on SMED

Literature
on SMED

Extended model 
for SMED application

Applicable tools
for SMED

Model – tools
integration

 

Figure 2. Research methodology 

More in details, the extended model considers previous 
on-field studies on SMED analysis performed by action 
research methodology and existing scientific works 
extracted from a literature analysis. According to A2, the 
model arranges and deepens SMED steps focusing on 
possible scenarios (if-else case) which can originate from 
the process. A selection of feasible and applicable tools 
to SMED technique have been conducted as a result of 
A3; this has been done through the analysis of tools 
adopted in several firm areas. Such tools have been 
integrated into the extended model to complete its 
representation. 

However, despite our efforts to assess and extend the 
model, it is certain that a strong motivation to internal 
teams is necessary for an effective application of SMED 
for favoring proposals and solutions to overcome 
changeover problems. A proper training of each 
participant in SMED process is fundamental to 
understand principles and applicable tools and must be 
supported through continuous meetings. 

5 Extended model for SMED application and 
tools integration 

The model is aimed to describe with more details the 
steps composing a SMED procedure associating main 
important tools whereas possible. We selected the 
following set of applicable and supporting tools: 
brainstorming, 5S, kaizen, visual management, fishbone 
diagram, spaghetti diagram, time measurement, 
ergonomics and poka yoke. It is worth mentioning that 
the application of SMED techniqueis possible if 
changeover is almost standardized even if operations are 
not optimized or correctly performed. Vice versa it has 
no sense to deal with separation, optimization and 
parallelization of internal/external activities. As shown in 

Figure 3, our model integrates and includes the one of 
Fritsche (2011) (steps in white color) (Figure 3a) 
extending it (steps in orange color) and assigning 
supporting tools (with labels) (Figure 3b). 

Step 1: 
Recording and 

analysis

Step 2: 
Separation 

Int./Ext.

Step 3: 
Convertion 

Int./Ext.

Step 4 and 5:
Optimization of 

Int./Ext.

Step 6:
Parallelization of 

Operations
 

Figure 3a - Traditional model for SMED (Fritsche, 
2011) 
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Step 3.1:
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qualitative 
improvements

Positive 
Results?

Step 4 and 5:
Optimization of 

Int./Ext.

Step 6:
Parallelization of 
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Step 7:
Assignment of 

Operations

Step 8:
Documentation of 

procedures

YES

SMED complete

ERGONOMICS

TIME MEASUREMENT

SPAGHETTI DIAGRAM

FISHBONE DIAGRAM

5 WHY 5 S

POKA YOKE

VISUAL MANAGEMENT

KAIZEN

5 WHY

FISHBONE DIAGRAM

TIME MEASUREMENT

SPAGHETTI DIAGRAM

FISHBONE DIAGRAM

Step 0: 
Training on SMED 

principles

Step 9:
Training on 
procedures

BRAINSTORMING

BRAINSTORMING

BRAINSTORMING

ERGONOMICS

ERGONOMICS

TIME MEASUREMENT

SPAGHETTI DIAGRAM

 
Figure 1b - Extended model for SMED 
 

More in details: 

Step 0. Before starting with the application of SMED 
procedure, managers and employees must 
understand the benefits of such technique 
through the awareness of its main steps and 
objectives. The aim is changeover time 
reduction but above all the creation of a 
comfortable working environment free from 
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risks and safety oriented. People involvement is 
fundamental for a proper and shared adoption 
and application of SMED technique and in this 
sense continuous training is an operative means. 

Step 1. Changeover activities are analyzed through 
direct observation and video recording. The aim 
is to analyze the as-is state of the changeover 
which is the basis for proposing improvements 
or validate current procedures. This can be done 
through supporting tools of (i) spaghetti 
diagram, ergonomics and time measurement for 
a fair analysis and (ii) a fishbone diagram for 
detecting errors and validate procedures. 

Step 2. Separation of IED and OED is the pillar of 
SMED. To properly separate such activities, 
brainstorming with employees, and fishbone 
diagram can assist the analysis. 

Step 3. IEDs are converted into OEDs (whereas 
possible) by taking into account mainly 5S 
principles with reference to workplace 
organization and cleaning requirements. 
Brainstorming activities are necessary for 
sharing ideas and suggestions. 

A key role is assigned to Step 3.1: at this step, it is 
important to evaluate from a qualitative point of view if 
changes can effectively reduce changeover time or 
produce benefits to the working environments. This can 
be done in accordance to the previous time analysis and 
by considering the separation and conversion of step 2 
and 3. In case of negative outcomes which is clearly an 
extreme situation to take into account, application of 
SMED can be retained concluded since no effects are 
observed. Vice versa, SMED proceeds with steps 4 to 9: 

Step 4 and 5 Optimization of IED and OED is 
aimed to reduce wastes and non-added values 
activities resulting from the assessment of the 
previous steps. The task is performed through 
fishbone and spaghetti diagrams, ergonomic 
assessment, kaizen, poka yoke and intensive 
brainstorming with employees and managers for 
solving main changeover criticalities and create 
a free-error working environment. 

Step 6. IED and OED are arranged to be conducted 
with a good degree of parallelization among the 
workers through a time analysis and spaghetti 
diagram. 

Step 7. Once a timing has been assigned to IED and 
OED, a given set of operations is assigned to 
each operator. By doing so, timing is respected 
and a separation of duties is performed. 

Step 8. The new modified plan of changeover activities 
is well documented in accordance to firm 
specifications and modules. Visual management 
approach can be adopted to improve working 
tasks and facilitate operations. 

Step 9. As for step 0, this last step is still focused to 
employee involvement through a dedicated 
training on the new procedures. Even if the 
modified changeover has been previously 
shared through dedicated brainstorming, 
managers are now in charge to show the new 

activities flow that has been documented and 
decided in accordance to a deepened and 
criticality analysis. 

It is worth mentioning that SMED technique is a 
continuous process which is not applied just once. A 
continuous updating of changeover procedures and 
activities is required in accordance to new criticalities, 
internal employees suggestions or modification of the 
external environment (e.g. safety law disposals, new 
technologies). 

6 The industrial test case  

The extended model has been applied to a real scenario 
represented by an assembly line (Figure 4) producing two 
different items, i.e. water pump (Lot A) and oil pump 
(Lot B) for two different automotive engines.   

 

Figure 4. Assembly line 

Changeover activities involve the substitution of five 
robot pliers, three presses, one leak test and one marker 
and are performed by two operators (named A and B). 

Training on SMED principles 

Before starting the changeover analysis, several training 
lessons have been held on principles, motivations, 
benefits and goals of SMED methodology. Separate and 
dedicated lessons to managers and line operators have 
been held to define a common reference terminology and 
improve people involvement and participation in a such 
delicate process. 

Recording and analysis 

Video recording and direct observation are the 
fundamental tools of such former phase of the 
assessment. Before that, we investigated firm database of 
changeover times with the aim to inspect the trend of 
several previous setup times. This is shown in Figure 5a. 
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Figure 5a. trend of several previous setup times.     
5b.  repetitions of single duration of tasks 

We can notice an high variability in changeover durations 
which cannot only be assigned to a natural different 
duration of changeover times from Lot A to B and vice 
versa. In general setup times from Lot A to B (A->B) 
and vice versa (B->A) can be different due to production 
of product peculiarities. In our case, by investigating 
several repetitions of single duration of tasks for 
changeover activities A->B and B->A, we noticed a 
substantial equivalence of average durations which is 
shown in Figure (b). 

An analysis of operators path has been conducted 
through the spaghetti diagram. The two operators move 
along the line in accordance to the respective color of the 
line (red and green, as in Figure 6) to perform 
changeover activities. The graph indicates confused and 
interlaced paths subtending an important amount of non 
valued added activities and wastes referred to movement 
tasks.  

 

Figure 6. Spaghetti diagram for operators path 

 Motivations of the high variability of changeover times 
have been assessed through the fishbone diagram (Figure 
7). Four root causes have been investigated, i.e. Man, 
Manpower, Machines and Working Methods by 
identifying some causes of variability, e-g.: training and 
experience for Manpower, robot in uncomfortable 
positions, lack of standardization, safety and non-
ergonomic positions for Machines, overlapping activities 
for Methods and cleaning, uncomfortable tools and layout 
for Materials. Ergonomic assessments have been also 
developed to solve some criticalities in uncomfortable 
exposures and overcome the increase of tasks duration. 

 

Figure 7. Fishbone diagram 

Such causes are taken into account for the decisions in 
the next steps. In addition, a set of main criticalities have 
been identified and reported in Table 1. These can be 
responsible for the extreme variability of changeover 
time and must be fronted to optimize changeover 
activities. 

Criticità 

Tempo perso per recuperare chiavi, alcool, 
scala, pinza per fascette e calamita. 

Chiavi non adatte al tipo di lavoro. 

Carrello principale disordinato, privo di 
opportuni alloggi e di difficile 
movimentazione. 

Tempo perso per l‟apertura della porta che 
consente l‟accesso alla pressa 3. 

Pulizia pallet effettuata con pistola a 
pressione. 

Posizionamento manuale dei robot per 
sostituzione pinze robot. 

Fermo destro del leak test non conforme 
agli altri. 

Pedana non adatta per scarico/carico dei 
componenti. 

Ganci ferma tubo non adatti. 

Table 1. Set of main criticalities 

Separation Int./Ext. changeover activities 

 In accordance to the as-is state of the changeover, we 
identified activities that are performed while the 
equipment is running (OED) and while it is stopped 
(IED). We observed a great amount of external 
operations due mainly to the lack of a clear procedure 
and tasks division among operators. An extract of these 
tasks are grouped and shown in Table 2 with the 
respective average duration. 
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Table 2. Extract of the tasks 

Convert Int./Ext. changeover activities 

The current changeover process has been carefully 
examined with the goal of converting the more internal 
activities into external. The analysis highlighted that the 
actual list of external tasks could be reduced by 
intervening through simple actions. As an example, the 
main measure to accomplish this task has been identified 
with anticipating withdrawal and shifting (op #3 and 4) 
of components related to the next lot from supermarket 
to production line. Material supplying can be conducted 
Vice versa some operations are intrinsically internal, e.g. 
pliers and press substitution (op #8) and it is not possible 
any anticipation while producing the previous lot of 
products. 

Evaluate improvements 

The great amount of internal activities suggested 
important achievements for changeover reduction. In our 
application case, evaluation of improvements was very 
fair due to the identification of several activities which 
could be shifted from internal to external with an 
important time saving. This implied the possibility to 
forecast a reduction of overall changeover time and 
clearly indicated to proceed with the further steps of 
SMED. In other cases, i.e. if changeover activities are 
already well optimized, it could be necessary to use more 
precise measure to define time improvements. It is worth 
mentioning that changeover improvement must be 
measured not only with respect to time reduction but 
also with respect to ergonomics improvements which can 
be necessary to optimize tasks contributing to a safer and 
comfortable working environment. 

Optimization of Int./Ext. changeover activities 

A critical analysis of current tasks has been conducted for 
the optimization of existing procedures related to internal 
and external operations. In table 3, reporting cost, time 
saving and typology of improvement has been defined to 
characterize each proposed optimization of tasks.  

 

 

 Intervento 
Tipo di 
migliorame
nto 

Cost
o 

Variazio
ne 
tempo 

1 

Introdurre 
una chiave a 
stacco per 
serraggio 
fermi presse 
e leak test 

Facilità,  
protezione 
tools 

€ 50 --- 

2 

Migliorare la 
posizione dei 
pannelli dei 
robot (a 
centro linea) 

Facilità --- --- 

3 

Far passare 
in alto tutti i 
cavi intorno 
alla stazione 

Sicurezza --- --- 

4 

Sostituire i 
moschettoni 
a vite con 
quelli a 
chiusura 
rapida 

Facilità € 20 ---  

5 
Migliorare le 
maniglie del 
leak test 

Facilità,  
Sicurezza, 
protezione 
tools,  
Ergonomico 

€ 
100 

--- 

6 

Portare i 
tools di 
pressa 1 e 
pressa 2 nella 
linea  

Spazio,  
protezione 
tools 

€ 
500 

--- 

7 

Riorganizzar
e il carrello 
principale 
per 
contenere le 
pinze dei 
robot ed i 
tools per 
l‟attrezzaggio 

Protezione 
tools, 
facilità 

€ 
700 

-1,5 min 

8 

Creare un 
carrellino 
ausiliario con 
un sostegno 
per le pinze 
dei robot ed 
una 
posizione 
vuota di 
appoggio 

Protezione 
tools 

€ 
200 

--- 

9 

Introdurre 
dei colori 
identificativi 
per pinze e  
tools presso 
il carrello 
principale e 
le stazioni 

Facilità € 50 --- 

10 Settare i Facilità, ??? -3 min 
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robot per le 
posizioni 
adatte al 
setup 

protezione 
tools 

11 

Utilizzare un 
avvitatore (in 
angolo) 
elettrico a 
batteria per 
le operazioni 
di 
serraggio/svi
tatura di viti 

Facilità, 
Ergonomico 

€ 
250 

-5 min 

12 

Creare dei 
fermi per le 
spine di 
alimentazion
e dei robot 

Facilità ??? --- 

13 

Creare uno 
scivolo per 
caricare e 
scaricare i 
pallet sulla 
linea 

Ergonomico,  
facilità 

??? --- 

14 

Effettuare la 
pulizia dei 
pallet sullo 
scivolo 

Ergonomico,  
facilità 

---  -2 min  

15 

Migliorare 
avvitatura 
pressa 2 
mediante dei 
fermi al 
comparatore 

Ergonomico,  
facilità 

Si --- 

16 

Migliorare la 
posizione del 
robot 3 
evitando 
l‟uso della 
porta laterale 

Sicurezza,  
ergonomico 

??? --- 

17 

Introdurre 
una stazione 
per pulire 
tutti i pallet 
delle linee 
dello 
stabilimento 

Facilità ??? --- 

Table 3. Critical analysis of current tasks 

We can see how some interventions does not imply 
necessarily a time saving, despite a cost is associated to 
each of them. The aim is mainly to (i) improve workplace 
conditions in terms of ergonomics and easiness and (ii) 
introduce facilities which allow to standardize time and 
reduce its variability. 

Parallelization of operations and assignment of operations 

On the optimized tasks, it is possible to conduct a 
parallelization of operations taking into consideration the 
number of operators which are in charge to perform the 
changeover. For the specific case, two operators are 
present and operations are assigned to each of them. This 

task is accomplished by dividing issues through a 
balancing of active time as reported in Table 4. In 
accordance to the peculiarities of each operation, we 
identified three stages: (i) a first stage where operators 
work together, (ii) a second stage where each operator 
can work by himself (real parallelization), (iii) a last stage 
where operators prepare the line for next lot production 
finalizing the changeover. 

 

Table 4. Optimized tasks 

Documentation of procedures 

To assure the correct performing of each operation, a 
clear and assessed documentation is necessary. Such full 
and complete documentation has been prepared in 
accordance to firm layout and guidelines by creating a 
guide for the specific changeover reporting the 
responsible of the task and the correct order. A short 
guide for changeover has also been prepared and placed 
near the line; it visually drive operators concerning some 
topics activities where mayor attention is necessary. 

Training on procedures 

In accordance to what stated in the documentation, on 
field lessons have been performed by managers to train 
operators in the new changeover configuration. New and 
modified documentation, methodologies and solutions 
adopted have been explained to operators showing the 
correct postures and procedures; such training lasted 
until the operators were familiar to the new procedure as 
resulted from a time measurement of the changeover.    

6. Results 

Results obtained from the application of SMED are 
reported in terms of operators path and time saving.  

Figure 8 shows improvements represented through the 
spaghetti diagram tools between the previous and actual 
situation. It is clear a more rational operators movements 
while performing the changeover with respect to the 
previous configuration; this rationality reflects also in a 
decreasing of covered meters with a saving of 28% and 
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45% for operator A and B respectively as shown in Table 

5. 

OP 
Covered Meters [m] 

Saving 
Before Actual 

A 89,8 64,1 28% 
B 88,3 48,3 45% 

Table 5. Covered meters  

  
Figure 8: Spaghetti diagram Before/actual situation 

An additional interesting result is also observed on 
changeover duration and its time variability. Figure 9 
shows in blue changeover duration before the application 
of SMED and in red changeover duration after the 
application of SMED. As we can see referring to the red 
bars, after the initial variability due to on field training 
period performed in collaboration with managers, 
duration tends to settle on average values of 50 minutes, 
in line with forecast of our time analysis. Above all, we 
observed a strong reduction of time variability i.e. the 
duration is almost ever on the average of times, as shown 
in Table 6. 

 

Figure 9. Changeover duration before / after the 
application of SMED 

Average duration Sav
ing 

Standard deviation Sav
ing Before Actual Before Actual 

 
01h:54m
m:06ss 

 
00hh:43m
m:44ss 

 
62
% 

 
01hh:19
mm:36ss 

 
00hh:04
mm:22ss 

 
94
% 

Table 6: Changeover representative times 

7.  Conclusions 
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