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ABSTRACT  

The current political and economic environment in Palestine forces factories to strive to run on minimum 

possible cost to be able to survive. In this work we present an application of Single Minute Exchange of Dies 

(SMED) in a Palestinian Aluminum profile company. The company has an extrusion line that works in batches, 

and often needs changing of dies. The work shows how this approach is applied and how much it can save for 

the factory. Initial results show that implementing SMED can generate savings that range from 5% - 15% in 

running cost, simultaneously increasing production capacity. 
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1. INTRODUCTION 

Manufacturing organizations in today’s globalization world face many challenges in their diversified, low-

volume production to satisfy all of the customers’ needs. This aspect causes a significant increase in setups and 

tool change frequencies. For this reason it is important for the manufactures to provide a quick change over to 

reduce the time spent in the setups which considered as waste causing a significant increase in manufacturing 

costs. 

SMED (Single Minute Exchange of Die) is a method used to analyze and reduce setup times. The inventor of 

the SMED method is the Japanese engineer Shigeo Shingo. He showed that setups that took hours could be 

reduced to minutes. The phrase “single minute” does not mean that all changeovers and startups should take 

only one minute, but they should take less than 10 minutes (in other words, “single digit minute”)(Shingo, 

1985). 

By reducing the setup time, the productivity of the equipment increases. This is simply because of the shorter 

period the equipment is unproductive. This increased productivity can partially be used to perform setup more 

frequently. Manufacturers successfully applying SMED programs will have: lower manufacturing costs, smaller 

lot sizes, improved responses to customer demand, lower inventory levels, and smoother startups. 

2. LITERATURE REVIEW 

Single Minute exchange of Die (SMED) is one of the many lean production methods for reducing waste in a 

manufacturing process. It provides a rapid and efficient way of converting a manufacturing process from 

running the current product to running the next product. This rapid changeover is key to reducing production lot 

sizes and thereby improving flow (Dave & Sohani, 2012). The main objective of SMED is to accomplish setup 

times in less than ten minutes, i.e. a number of minutes expressed by a single digit, although not all setups can 

be literally reduced to this time, between one and nine minutes, this is the goal of SMED methodology (Shingo, 

1985). 

A successful SMED implementation requires a complete understanding and analysis of the changeover process 

and to know the details of each setup operation (Sousa, Lima, Carvalho, & Alves, 2009). Setup operations are 
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divided into two types: internal operations performed while the machine is stopped and external operations 

performed while the machine is operating (Shingo, 1985). 

SMED methodology application consists of four distinct stages: 

 Preliminary Stage: Internal and external setup not differentiated; 

 Stage 1 – Separate internal and external setup; 

 Stage 2 – Convert internal into external setup; 

 Stage 3 – Rationalize the internal and external setup. (Costa et al., 2013) 

Mulla et al.  revealed why changeover time reduction is important in manufacturing industries and the various 

tool and techniques available within Lean manufacturing mainly SMED for changeover time reduction and its 

application in Pump Manufacturing industry and showed the SMED benefits and its application procedure 

(Mulla, Bhatwadekar, & Pandit, 2013). 

 

Pellegrini et al. applied SMED methodology during a kaizen. As a result, the process setup time was 

significantly lowered and further opportunities for improvement were identified (Pellegrini, Shetty, & 

Manzione, 2012). Ani and Shafei focused on productivity improvement on the CNC machine process through 

SMED technique implementation and eliminating waste in the case study company. Setup activities were 

segregated into external and internal setup. The impact to organization that it was increasing the productivity, 

capacity and at the same time increased the revenue  (Ani & Shafei, 2012). 

 

Costa et al.  conducted a study to describe the improvement of the setup process of a mechanical press machine 

in the metal-mechanic area of an elevators company using SMED methodology and some lean production tools 

(5S, visual management and standard work). With the developed solutions it was possible to reduce setup times, 

work-in-process (WIP) and distances travelled by operators. Additionally, the setup operations were 

standardized and consequently the process has become more fast and intuitive for the operators. These 

improvements allowed the reduction of energy and materials consumption and, consequently, a decrease on the 

Greenhouse Gases’ emissions (Costa, Braganca, & Alves, 2013). Ferradas and Salonitis presented a tailored 

SMED methodology that has been developed specifically for an automotive supplier. The validation of the 

proposed method was done through implementation on an industrial welding cell for a period of four months. 

By implementing the new tailored SMED improvement program, the company achieved 33% reduction on 

changeover time (Ferradas & Salonitis, 2013).  

 

Perinić et al. implemented SMED methodology by additional procedures simultaneously applying the 5S 

method. The validity of the method and procedures are verified by an example application of die casting 

foundry for casting automobile parts. Significant time savings have been achieved with minimum investment. 

(Perinić, Ikonić, & Maričić, 2009) 

 

3. METHODOLOGY 

Before talking in depth on how SMED was applied, some information about the studied company and its 

production systems should be explained. The company under study is one of the main Aluminum companies in 

West Bank in Palestine. The company produces approximately over 5000 metric tons of various Aluminum 

products. It produces several types of Aluminum profiles of different structural shapes, designs and sizes in high 

quality. The profiles can be used mainly for doors and windows. The production line under investigation is an 

extrusion production line. The process starts by preheating a 7-inch diameter Aluminum billet to 480C. Then the 

billet is inserted into the extrusion machine to be extruded through a die to create the intended Aluminum 

profile. The extrusion process requires a hydraulic press with a capacity of 1650 tons. In the process, two types 

of dies can be used to either produce hollow or flat profiles. The extrusion process steps are shown in Figure 1. 

Detailed information about the process cannot be disclosed more due to confidentiality agreement with the 
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company. The company works three shifts covering 24 hours a day, 24 days a month in a continuous batch 

production style. 

 

 

Figure 1. The steps of the extrusion process performed at the company 

Dies Assembly Process 

Depending on the type of profiles to produce, proper dies and parts are selected, loaded on a forklift, then 

transferred to the production line and installed with the assistance of a crane. The dies, as explained before, 

should be heated to a temperature equal to 480 C (which is equal to billet temperature). This process takes from 

3 to 4 hours depending on die complexity. Each time a die finishes production, it requires immersion in a soda, 

then polishing and it might need repair and finally performing Nitriding process before being stored. The 

process is summarized for a better understanding in Figure 2. 

Die Exchanging Process Analysis 

Figure 3 shows the breakdown of the total process time. It can be seen that the extrusion cycle time is a small 

proportion of the total time available. In Figure 3. It can also be seen that the “Dead Production Time” can be 

broken down into three types of dead time. The first, “Dead cycle time” is the time the machine is idle due to the 

mechanical design of the extrusion press. The term “Waste Time” refers to any time lost over and above the 

original manufacturer’s timing that could be due to other time lost in the process e.g. waiting for the billet or 

lubricating the die. The last being “Die changing time”, which is as explained before, is a setup phase for the 

next production batch. The actions of SMED will affect greatly the latter one. “Extrusion Cycle time”, is the 
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Figure 2. Summary of the Die Exchanging Process 
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actual production time on the extrusion press. Then the process has other losses such as: “Maintenance 

Downtime”, “Die test time” (if the die testing caused production delay) and “other downtimes” which takes into 

account the waiting time due to the failure of the up-stream machine i.e. the cutting saw or delays in the 

reception of aluminum logs. 

The company currently has 500 different dies, in an average single day the company changes 13 dies. After 

taking a representative sample of the die exchange process, a single exchange of dies takes about 8.98 minutes. 

Thus, the total wasted time per day ranges around 116.7 minutes/day (1.95 hours/day). To understand the 

significance of this wasted time, the researchers tried to estimate the hourly cost of production, by contacting the 

accounting department and getting information about the extrusion production line. Taking into account (the 

hourly salary of all workers and engineers related to the process, power usage by the production line and 

furnace, and depreciation) the cost of one hour on the line is estimated to be $700. So the total daily loss is 

$700/day × 1.95hour/day = $1365/day.  In a year, the total loss is about $393,120/year. 

Applying SMED 

To apply SMED methodology to this extrusion line, the approach indicated earlier of Costa et al. 2013 will be 

adopted. This approaches consists of several steps, the first step identifies and tools used for setup, locations and 

other aspects. Then more information is collected from the operators of line, this step identifies potential 

problems in the setup process. The process setup is observed and monitored to register all the operations and 

movements related to it (video recording can be used). The current state of setup operations can be then 

described clearly with information regarding durations, distances travelled by operators and activities 

classifications. A spaghetti chart/flow chart can be used to represent the performed operator movements during 

the setup to identify areas of greater affluence. All the previous steps are considered as Stage 0 in the SMED 

methodology implementation in which the internal and external setup stages are not differentiated yet. 

Stage 1 of SMED methodology indicates that after understanding the process, internal and external setup should 

be separated. Checklists (or check sheets) can be useful to help the separation process. Checklists are useful for 

containing all necessary information about setup steps. It can include: Names, Specifications, Number of 

components/locations, tools needed/conditions, measurement values (e.g. temperature, dimensions…).  

Checklists help collecting correct information about the setup steps before attempting to distinguish it as internal 

or external. Before proceeding to the next step, an evaluation of the transportation method of the dies should be 

performed. This step tries to reduce the time needed for moving the parts, components and accessories before 

starting the actual setup phase. This step was explained before in Figure 2.  

Figure 3. The Breakdown of the Total Available Time for the Extrusion Process 
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The setup stages in Figure 2 are studied carefully and classified, the classification is reported in Table 1.  It can 

be noticed that the preheating phase is the phase consuming most of the time. Although most phases are 

external, SMED can be still applied trying to reduce the time needed to perform the steps.  

Stage 2 of SMED is converting the internal setup to external setup.  Table 1 shows the two sets of setup types, it 

also shows that most of the setup percentage is done externally which is a very good start. However, we can also 

see that eight steps are considered internal setup. These can be reduced by changing some of them into external 

setup. It can be noticed from Table 1. (Last column) that the steps 11, 6,5,8 and 7 have the highest impact if 

transformed to external setup. 

Table 1. The Classification of the Setup Phases 

# Step Classification 
Average 

Time (sec) 

Percentage of 

the process 

Percentages of 

the Internal 

Steps 

1 Die Assembly External 72.6 0.33%  

2 
Transfer the die to the 

furnace 
External 180.0 0.81%  

3 Preheating to 480C External 12600.0 56.66%  

4 
Shutdown machine and open 

die slide 
Internal 17.2 0.08% 3.19% 

5 Remove previous die Internal 37.2 0.17% 6.90% 

6 Put an insert in the die slide Internal 38.8 0.17% 7.19% 

7 Move crane to die furnace Internal 30.7 0.14% 5.69% 

8 Get new die Internal 31.0 0.14% 5.75% 

9 Insert new die Internal 12.6 0.06% 2.34% 

10 Close the die slide Internal 25.8 0.12% 4.78% 

11 Test new die assembly Internal 346.0 1.56% 64.16% 

12 Clean previous die External 8775.3 39.46%  

13 
Transfer previous die to 

storage 
External 72.0 0.31%  

 

By redesigning the material handling system (introducing one more crane) and including a buffer zone for 

transportation time reduction, it is possible to transform steps 5, 6, 7 and 8 to become external setup steps. The 

steps can be done almost in parallel. This reduced the setup from taking about 8.98 min to 7.59 min a reduction 

of about 15%.  A simpler solution that does not require the investment in a new crane, is to only introduce buffer 

zones for reducing the transfer time of the dies, if done correctly, it can reduce the setup time by 5%.  

Stage 3 of SMED methodology is to rationalize about the internal and external setup. After studying the system 

in depth, it can be seen that the largest time for setup is the preheating of dies. This process can take up to 4 

hours (depending on the die specifications). It would be very beneficial for the company to replace the furnace 

with a different and more advanced one, reduction of preheating time of 30 minutes can make a good impact on 

the process. 

As for the internal setup, the most time is consumed is for step 11 which is testing the new assembly. This step 

is done currently manually; inspectors check the quality of the first 8 meters of the profile. One critical aspect is 

the dies polishing process quality which is manually performed. Investing in an automated polishing technology 

will make the process easier to perform, and would in general result in lower errors and less time for inspection. 
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4. CONCLUSIONS 

Single minute exchange of dies SMED can be considered one of the tools of Lean Manufacturing, as it tries to 

reduce the unproductive time needed for performing setup. In this work the researchers presented an application 

in an Aluminum profiles extrusion production system. After doing simple evaluation of the setup process, it was 

found that it could be improved by up to 15% of the time which corresponds of about 60 thousand dollars per 

year, this without considering the increased productivity of the system.  

In this field of work, current research trends try to reach a concept called “One touch exchange of die”. Which 

would be a big challenge in such industry. However, this might be achievable with automation technology and 

the use of advanced industrial robots which are usually feasible in huge production facilities. More research is 

needed in this area to examine the applicability.  
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