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ABSTRACT 

The purpose of this field project is to reduce manufacturing setup times required 

to change over punch press operations in the fabrication department at Krueger 

International's (KI) Manitowoc manufacturing facility by applying Shigeo Shingo's 

Single Minute Exchange ofDies (SMED) methodology. Overall reduction of time to 

perform changeovers is needed to support KI's Market ofOne marketing strategy which 

treats each customer as a market of one, tailoring products and service solutions specific 

to the customer's explicit needs. 

In order to complete this project, a study will be conducted to establish the current 

state condition ofa punch press changeover. Next, the changeover process will be 

evaluated to determine which elements can be performed internal and external to the 

actual time the machine is idle between production runs. Remaining internal and external 
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changeover elements will be evaluated to determine if any of the elements of the setup 

can be compressed to further save changeover time. Finally, the improved process will be 

documented and the new process will be trained to all punch press operators ensuring that 

the improved process will be sustained. 

Application of the SMED methodology to reduce punch press changeovers in this 

field study resulted in an overall reduction of time per changeover from 30.4 minutes to 

9.68 minutes. In addition to an overall reduction in changeover time of68%, manpower 

requirements were lowered from 3 operators to 1 operator. The improved changeover 

method ultimately results in less non-value added time spent setting up machinery and 

more value added time producing products for customers. 
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Chapter I: Introduction 

Traditionally companies have sought to keep the number of setups and 

changeovers to a minimum to support large lot production strategies. The theory was that 

in order to justify the changeovers, large lot sizes needed to be run to reduce as much as 

possible the setup costs into the parts that were run through the setup. Although the 

traditional methods used minimized the number of setups through production of large 

batches, the method also contributes to excess inventory by production of more than what 

is needed to satisfy customer demand. It is now generally agreed that the philosophy of 

mass manufacture has become obsolete. The limitations ofmass manufacturing have 

become apparent as competitive performance criteria have broadened, where the 

prominence of price and cost efficiency, which have been a primary justification of mass 

production, have declined (McIntosh, 2001). Increasingly manufacturers are now 

required to compete simultaneously on price, product quality, product differentiation and 

delivery performance. To support modem manufacturing systems, manufacturers need to 

seek to realize a series ofprocesses in which they can concentrate on each value adding 

processes and eliminate any intervening downtime (Levinson, 2002). 

In modem manufacturing organizations utilizing Lean Production systems, it is 

common to track machine set up times in production cells where the set up or changeover 

of machines is an important driver of success towards achievement of customer delivery 

requirements. Manufacturing organizations that service customers with demand for high 

diversity and low quantity must implement process improvements that align production 

capabilities with customer expectations. Often, the time required to perform the 

changeover determines the manufacturer's ability to satisfy customer delivery 
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requirements. If changeover times are long, generally, larger batch sizes are called for. 

Another challenge facing modem day production is to meet growing demand for low 

quantities of ever more diversified products. Product differentiation implies the 

manufacture of a wider variety of goods in smaller batch quantities, the pursuit ofwhich 

should be achieved without compromising overall productivity (Blau, 1994). Modem 

production trends show increased product diversification and more frequent, smaller 

orders of products. To meet these demand requirements, companies must be able to 

profitably produce in small quantities and yet be able to make more frequent product 

changeovers. In order to compete, companies must find ways to reduce setup and 

changeover times through elimination ofwaste and non value added setup activities and 

convert time spent on changeovers to production time. As stated, a significant challenge 

facing production is to make changeover times as short as possible. Single minute 

exchange of dies (SMED) eliminates non-value adding setup times from operations. 

Further, SMED is an important tool for reducing lot sizes. Faster setups means there is 

less need to batch parts for efficiency. In an ideal world, manufacturers could do an 

individual setup for each piece (Levinson, 2002). 

Production data for the Press Department at Krueger International's (KI) 

Manitowoc, Wisconsin manufacturing plant indicates that over the past two years the 

punch presses in the fabrication department have been running at less than 80% 

efficiency. Although there are potentially many factors that contribute to low production 

efficiency, it is apparent by the length of setups that changeover times are the most 

significant cause of machine downtime. 
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Machine utilization can only be improved through elimination of machine 

downtime. To improve the efficiency of the fabrication department, machine setups need 

to be analyzed and modified to eliminate any non-value added activities. The improved 

setup processes then need to be standardized and documented to ensure that they are 

followed by all press operators performing the changeovers (Nicholas, 1998). 

Statement ofthe Problem 

KI has achieved much success in the contract furniture manufacturing business 

through their "Market of One" marketing philosophy. The Market of One philosophy 

means that KI treats each customer as a market of one, tailoring products and service 

solutions specific to their explicit needs whether the product need be in any of the five 

core markets served by KI (Colleges and Universities, K-12, Healthcare, Science & 

Technology and Government). 

Due to KI's Market of One marketing process, the nature of products 

manufactured can be ofhigh diversity and low volume. Additionally, KI's production 

facilities constantly strive to provide short lead times, even on uniquely manufactured 

products. The objective of this field project is to identify and reduce or eliminate non

value added activities involved in the changeover ofpunch press operations in the 

fabrication department at KI's Manitowoc, Wisconsin plant. This will be accomplished 

by first measuring the total setup time in the current state, then identifying the internal 

and external elements of the setups, calculating the individual times of the setup 

activities. Where possible, internal elements will be converted to external elements and 

attempts will be focused on reduction of time required to perform necessary, remaining 

internal elements. The final step of the process is to standardize and document the setup 
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procedures on setup sheets detailing the optimization of equipment setups (Marchwinski 

&	 Shook, 2003). Effective application of the indicated steps should yield an elimination 

of non-value added activities which can be directly converted into value added, part 

processing time. 

Purpose ofthe Study 

The purpose ofthis study is to reduce the manufacturing setup times necessary to 

changeover punch press operations in the fabrication department at KI Manitowoc. In 

order to effectively compete in the area of customer delivery, KI needs to reduce as much 

of the time as possible from setup related activities. In order to achieve this, the Single 

Minute Exchange of Dies (SMED) methodology will be used as a tool to analyze what 

setup activities can be reduced or eliminated to reduce the overall setup times. This will 

be accomplished by documenting the existing changeover process. Next, the process will 

be evaluated and improved to include process improvements which will assist in reducing 

setup times including a strategy to reduce the number ofoperators required to perform a 

changeover from three operators to one operator. Lastly, a list of action items will be 

created to detail additional steps that will need to be completed to achieve desired results 

of the study. 

Assumptions ofthe Study 

1.	 The first assumption is that KI management .and shop floor participants will 

cooperate with the study and provide meaningful, accurate data for the study. 

2.	 The second assumption is that not all attempts to reduce manufacturing setup 

times will be effective. Mistakes may be made on the way towards achieving the 

project objectives. 
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3.	 The third assumption is that mistakes will be tolerated by KI management. Study 

participants will not be disciplined for attempts to improve changeover 

performance, 

4.	 The fourth assumption is that the scope ofthis setup reduction project will only 

apply to punch presses in KI Manitowoc's fabrication department. 

Definition ofTerms 

Adjustment Waste: Any activities that would cause the machine to cycle in a 

sample or trial mode which could create a part that must be inspected and then possible 

scrapped or reworded (Rubrich & Watson, 2004). 

Batch: A quantity of items that are processed together (Marchwinski & Shook, 

2003). 

Changeover: The process of switching from the production ofone product or part 

number to another in a machine or a series of linked machines by changing parts, dies, 

molds or fixtures, also called a set-up. Changeover time is measured as the time elapsed 

between the last piece in the run just completed until the first good piece from the process 

after the changeover (Marchwinski & Shook, 2003). 

Die Set: This is the tooling that is removed and replaced in a punch press during a 

changeover. A die set consists of a set of male punches and female dies which, when 

pressed together either creates a hole in the work piece or forms the work piece creating 

features desired by the customer. 

Downtime: Production time lost due to planned and unplanned stoppages. Planned 

downtime includes scheduled stoppages for such activities as shift start up, production 

meetings, changeovers to produce other products and scheduled maintenance. Unplanned 
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downtime includes stoppages for breakdowns, machine adjustments, material shortages 

and absenteeism (Marchwinski & Shook, 2003). 

External Setup: That part of the setup which can be done while the machine is 

still running, for example, preparing a die to be used for the next run (Rubrich & Watson, 

2004). 

Internal Setup: That part of the setup which must be done while the machine is 

shut down, for example, removing or attaching dies (Rubrich & Watson, 2004). 

Lean Production: A system of production that makes and delivers just what is 

needed, just when it is needed and just in the amount needed. Lean manufacturing aims 

for the total elimination of all waste to achieve the best possible quality, lowest possible 

cost and use of resources, and the lowest possible production and delivery lead times 

(Marchwinski & Shook, 2003). 

Lot: A quantity of items that are processed together (Krajewski & Ritzman, 

2007). 

Non-Value Added Activities: The time spent on activities that add costs but no 

value to an item from the customer's perspective. These are activities that the customer is 

generally not willing to pay for (Marchwinski & Shook, 2003). 

Punch Press: A machine tool used to work materials (typically steel) by changing 

the shape ofthe raw material. Material shape is changed through application ofdirect 

pressure which forces the material to change shape. The function of the punch press is to 

hold the die set and apply the motion and pressure required to perform value added 

operations to raw materials. 
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Replacement Waste: Activities related to removing items from tool "A" to be 

installed in tool "B", for example, bolts, fasteners, clamps and gauges (Rubrich & 

Watson, 2004). 

Setup: The process of switching from the production ofone product or part 

number to another in a machine or a series of linked machines by changing parts, dies, 

molds or fixtures, also called a set-up. Changeover time is measured as the time elapsed 

between the last piece in the run just completed until the first good piece from the process 

after the changeover (Marchwinski & Shook, 2003). 

Setup Reduction: The process of reducing the amount of time needed to 

changeover a process from the last part for the previous product to the first good part for 

the next product (Marchwinski & Shook, 2003). 

Setup Waste, External: Activities such as searching, locating or moving jigs, 

tools, bolts, clamps, fasteners, gauges or instructions in the setup area (Rubrich & 

Watson, 2003). 

Setup Waste, Internal: Alignment activities required to remove and install tools, 

for example, the time associated with using a fork truck to maneuver the old tool out and 

the new tool in while setting up a press (Rubrich & Watson, 2004). 

Shingo, Shigeo (1909-1990): A consultant to Toyota who made key contributions 

to the development ofthe Toyota Production System, especially quick changeovers, 

SMED and standardized work (Marchwinski & Shook, 2003). 

Single Minute Exchange ofDies (SMED): A process for changing over production 

equipment from one part number to another in as little time as possible. SMED refers to 
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the target of reducing changeover times to a single digit, or less than 10 minutes 

(Marchwinski & Shook, 2003). 

Value Added Activities: The time spent on activities that add value to an item 

from the customer's perspective. These are activities that effectively change the form and 

function ofa raw material into a good or service that the customer is willing to pay for 

(Marchwinski & Shook, 2003). 

Value Stream Map: A diagram that defines each step of the material and 

information flow needed from initial order of a good or service through delivery 

(Marchwinski & Shook, 2003). 

Waste: Any activity that consumes resources but creates no value for the customer 

(Marchwinski & Shook, 2003). 

Methodology 

This field project will focus on application of the Shigeo Shingo's Single Minute 

Exchange of Dies (SMED) methodology to reduce non-value added activities and reduce 

the time required to perform changeovers on various punch presses within KI 

Manitowoc's fabrication department. The overall goal of setup reduction is to minimize 

the amount of time needed to changeover a process from the last part of the previous 

production run to the first good part of the subsequent production run. The six basic steps 

used to apply the SMED methodology are as follows. The first step of the process is to 

measure the total setup time in the current state. In the second step, analysis of the setup 

is performed to identify the internal and external elements including calculation of 

individual times for all elements. The third step involves converting as many of the 

internal elements to external elements as possible. The fourth step is to reduce the total 
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time required to perforrn the remaining internal elements, followed by step five which 

focuses of reducing the time for all external elements. Finally, step six requires that the 

changeover procedure be standardized. 
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Chapter II: Literature Review 

As realized many years ago by Henry Ford, elimination of all forms ofwaste is 

the foundation of operational success in manufacturing. Elimination ofmanufacturing 

waste is, in fact, the single underlying concept behind the lean enterprise (Levinson, 

2002). As manufacturing operations share value streams for product families, they must 

strive for continuous improvement if the lean enterprise is to be able to correctly specify 

value from the standpoint of the customer and remove wasteful actions from the value 

stream. Although waste can be found in many places, its roots can be traced to seven 

separate forms which are summarized as mistakes requiring rework, unnecessary 

production, inventory, unnecessary processing, unnecessary movement and 

transportation, waiting and product that does not meet the customer's requirements 

(Womack & Jones, 1996). As stated by Taiichi Ohno, founder of the Toyota Production 

System (TPS) 

All we are doing is looking at the time line from the moment the customer gives 

us an order to the point when we collect the cash. And we are reducing that time 

line by removing the non value added wastes (Liker, 2004, p. 7). 

Within manufacturing organizations that have not implemented quick changeover 

methods, changeovers tend to be long processes that are avoided. The actual process of 

changing a machine over typically begins with the machine being shut down after the last 

piece of the current run is completed. Next, the operator turns the machine over to a set 

up person who begins the task ofremoving the current tooling loaded in the press. Once 

the mechanical connections have been disconnected, the tooling is removed and the next 

tool is brought to the machine and loaded for the next production run. Next, the setup 
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person secures the tooling into the press for the next run. Once tooling for the next run is 

loaded, time is spent adjusting the tooling and operation of the press until consistent 

quality is achieved. The time spent adjusting the machine is a significant source of waste 

as material and time are wasted to get the machine to perform at a desired level. Often, 

machines sit idle for long periods oftime during a changeover as time is wasted by setup 

personnel performing unnecessary movement due to poor methods that are not 

standardized. Additionally, much time is spent searching for needed tools and time 

wasted adjusting the machine and tool setup to achieve desired machine operation. 

The minimum goals of an efficient machine changeover is to eliminate all 

unnecessary movement required of the setup person, reduce the overall effort required to 

perform the setup and reduce time spent on tool transportation. Setup reduction is an 

extremely powerful tool which improves a plant's ability to provide customer satisfaction 

while better utilizing its own assets (Rubrich & Watson, 2004). 

The traditional approach to process improvement focused on identifying local 

efficiencies. Engineers and managers would go to the equipment, the value added 

processes and improve uptime or make improvements that would make equipment cycle 

faster. In some cases, the improvement was to replace an operator with automated 

equipment. The results might have yielded significant improvement for that individual 

process, but have little impact on the overall value stream. This is especially true because 

in most processes there are relatively few value added steps, so improving those value 

added steps will not amount to much. In contrast to the traditional mass production 

approach to manufacturing operations, many manufacturers have begun to embrace and 

implement lean production techniques. Lean production is a modern business system for 
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organizing and managing operations, suppliers and customers. Lean production focuses 

on continuous improvement ofmanufacturing processes which leads to superior 

processes that require less human effort, less manufacturing space, less operating capital 

and less time to make products with fewer defects to precise customer requirements 

(Marchwinski and Shook, 2003). Without lean thinking and the application oflean 

methodologies, most people cannot see the huge opportunities for reducing waste by 

getting rid of or shrinking non-value added steps. In a lean improvement initiative, most 

of the progress comes because a large number of non-value added steps are squeezed out 

(Liker, 2004). Therefore, it is important that continuous improvement activities focus on 

entire value streams and look for waste in the non-value added processes as well as the 

value added processes. 

Many manufacturing techniques are successfully utilized to identify and eliminate 

waste. Two of the techniques, value stream mapping and single minute exchange of dies 

(SMED) are described below. 

The value stream map is a diagram that defines each step of the material and 

information flow from initial order through delivery. Value stream mapping is used to 

identify sources of waste and reduce or eliminate those activities that do not add value to 

the process (Rother & Shook, 2003). The first step of the value stream mapping process 

is to walk the value stream from shipping through all of the upstream operations that lead 

to the initial process. At each operation in the process measurements are taken to record 

the number of operators at each processing step and the number of shifts the operation is 

run per day. Operator and shift information is used to calculate the total available time for 

each operation. Additionally, production specific information such as cycle time, 
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changeover time and machine uptime is recorded. Lastly, inventory information is 

recorded to show inventory level between operations. From the information gathered on 

the observations of the value stream, a current state map of the overall process is created. 

After it is known what the current situation is, a new diagram showing the future state 

map is drawn to show how the overall process should look. The future state details an 

improved operation through improved processing flows, reductions in waste such as 

cycle time reductions, reduced motion, reduction of setup times and lowering of 

inventories between processes. The goal of the future state map is the development of a 

process that allows products to flow through process without interruptions (Liker, 2004). 

The last step in the value stream mapping process is to develop an action plan to make 

the future state value stream map the current value stream map. 

Application of the SMED methodology to reduce waste and achieve setup 

reduction is defined as the process of reducing the amount of time needed to change over 

a process from the last part for the previous product to the first good part for the next 

product run (Marchwinski & Shook, 2003). The SMED methodology is applied through 

application of a six step process. First, the entire setup is measured in the current state. 

Next, the setup is analyzed to identify internal and external setup elements including 

calculation of individual elements of the setup. Next, elements are further analyzed and 

wherever possible, internal operations are converted to external operations. The time for 

the required internal and external setup activities are reduced and finally the new 

changeover procedure is standardized. 

The ultimate goal of lean production is to drastically reduce the time it takes from 

when a customer places an order to when it is delivered to the customer's receiving dock. 
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Applied as a lean tool, setup reduction makes it feasible for a factory to fully utilize its 

assets by producing a wide variety ofparts utilizing the same manufacturing equipment 

(Rubrich & Watson, 2004). Furthermore, reduced setup times permit reduced lot size 

production and result in increased production capacity, flexibility and resource allocation 

as well as improved product quality and customer satisfaction. Although the primary goal 

of setup reduction is to increase manufacturing flexibility and make small lot production 

cost effective, the process of reducing setups can also serve as an effective method to 

increase shop floor workers' participation in problem solving and decision making. 

The foremost authority on setup reduction is Shigeo Shingo. Over the course of 

many years of working as a consultant for Toyota and other Japanese manufacturers, 

Shingo developed a methodology for analyzing and reducing the changeover times on 

large body molding presses used in the automotive industry. Shingo named his method of 

analyzing and reducing changeovers SMED for single minute exchange of dies. Utilizing 

his methodology, Shingo was able to achieve significant results, such as the reduction of 

a setup for 1,000 ton press from four hours to three minutes (Shingo, 1985). Although 

Shingo's SMED methodologies were primarily developed for use in metal working 

processes in the automotive industry, the principles ofSMED can be applied to 

changeovers and setups in industries such as woodworking, electronics, plastics and 

printing. It is possible to realize significant reduction in the time required to perform the 

process to changeover a machine by implementing the SMED methodology. Application 

of the six step process in addition to conversion of internal setup elements to external 

setup elements which are performed while the machine is running can usually yield 

reduction of changeover times by 30 to 50 percent (Robinson, 1990). 
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In summary, SMED was born over a period on nineteen years as a result of 

examining closely the theoretical and practical aspects of setup improvement. Both 

analysis and implementation are fundamental to the SMED system and must be part of 

any setup improvement program (Shingo, 1985). Within Shingo's SMED methodology 

there are two categories of setups, internal and external. Internal setups are the portion of 

the setup which must be done while the machine is shut down and external setup is the 

portion of the setup which can be done while the machine is still running (Marchwinski 

& Shook, 2003). The fundamental principle behind SMED is distinguishing between 

internal and external setup elements and the attempt to convert internal setup activities to 

external. 

Another pioneer in the history of waste reduction was Henry Ford. Through his 

efforts to reduce manufacturing wastes in his factories, Ford was able to achieve 

unprecedented profitability by eliminating wastes that others would have overlooked. To 

Ford, the concept of eliminating waste was obvious, but he also knew that for most 

people it is very easy to look straight past waste without seeing it (Levinson, 2002). One 

ofFord's success secrets was his ability to recognize wastes that most people would 

overlook. Ford further explains his beliefs on the importance of waste reduction by 

stating "Time waste differs from material waste in that there can be no salvage. The 

easiest of all wastes, and the hardest to correct, is this waste oftime, because wasted time 

does not litter the floor like wasted material" (Ford, 1926, p. 101). The insights of Shigeo 

Shingo and Henry Ford toward the elimination of waste and changeover reduction 

support the basis for this study. 
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Due to the changing nature of industry, many purchasers of manufactured 

products are instituting lean production systems in order to reduce their own inventories. 

Instead of taking delivery of several months supply of product at a time, and exchanging 

the cost of storage and depreciation for volume pricing, buyers are reducing inventories 

by taking smaller shipments, forcing manufacturers to absorb the increased cost of 

smaller production runs and more frequent shipping. The bottom line is that 

manufacturers must position their operations to efficiently respond to shorter runs and 

quicker turnarounds (Feld, 2000). Although there may be minimal, initial costs associated 

with changes to business operations to respond to changing customer demand, 

manufacturers implementing setup reduction programs can plan to benefit significantly 

from the following (Feld, 2000). 

1. Improved product quality. 

2. Work in process (WIP) and finished goods Inventory reduction. 

3. Reduced setup costs. 

4. Improved utilization oflabor, production assets and equipment. 

5. Shorter manufacturing lead times. 

6. Quicker response to customer demand. 

Another advantage of quick changeovers is that simplification of setup procedures 

has a significant effect on improving product quality. As a rule, people make fewer 

mistakes when they follow simpler, standardized procedures. A mistake made during a 

setup has the potential to cause defects in every unit of a production run. With 

standardized setup procedures, trial and error adjustments and inspections are eliminated. 

Additionally, setup reduction reduces costs by virtually eliminating work in process and 



17 

finished goods inventories. Because setup reduction minimizes changeover time, 

production batches can be produced and shipped in the same day eliminating the need to 

carry inventories. Simpler setups reduce the required labor hours and skill level for setups 

and eliminate scrap produced during the setup procedure resulting in reduced setup 

related costs. Implementation ofquick changeovers allows manufacturers more flexibility 

to adjust to changing levels of demand or changing demand for different products. 

Shorter setup times increase production capacity. When current capacity is nearly filled, 

being able to reduce setup and convert that time into productive time is an alternative to 

using overtime or making capital equipment acquisitions to increase capacity. Also, 

production lead times are reduced because of the combination of smaller lot sizes and less 

time spent waiting for setups. 
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Chapter III: Methodology 

Introduction 

This field project will focus on application of Shigeo Shingo's Single Minute 

Exchange of Dies (SMED) methodology to reduce non-value added activities and reduce 

the time required to perform changeovers on punch presses within KI Manitowoc's 

fabrication department. Due to KI's customer demand for varying volumes of diversified 

products, improvement to punch press changeover processes are needed to reduce 

machine idle time and increase punch press capacity. It is the researcher's belief that the 

SMED methodologies can be applied to punch press operations at KI in order to achieve 

reductions in changeover times. The overall goal of setup reduction is to minimize the 

amount of time needed to changeover a punch press from the last part of the previous 

production run to the first good part of the next production run. The six basic steps used 

. to apply the SMED methodology are as follows. The first step of the process is to 

measure the total setup time in the current state. In the second step, analysis of the setup 

is performed to identify the internal and external elements including calculation of 

individual times for all setup elements performed by the person doing the changeover. 

The third step involves converting as many of the internal elements to external elements 

as possible. The fourth step is to reduce the total time required to perform the remaining 

internal elements, followed by step five which focuses on reducing the time for all 

external elements. Finally, step six is performed which requires that the changeover 

procedures be standardized. 
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Subject Selection and Description 

The changeover process to be evaluated in this field study relates to changeover 

of punch presses within the fabrication department at KI's Manitowoc plant. KI 

Manitowoc's fabrication department currently processes parts on four separate punch 

presses ranging in capacity from 60 to 110 tons. To satisfy current production, 

component parts may be processed on one or more of48 different die sets. Currently, the 

average time to change over a press from one setup to another is approximately 43 

minutes. On average, 15 changeovers per day (ll"e required to satisfy completion ofdaily 

orders. Because ofvarying customer demand, lot sizes vary from production ofone piece 

to production runs of 1,000 or more parts. Due to KI's marketing strategy supporting 

customer requirements for low volume, highly customized products, it is necessary to 

significantly reduce time spent on press changeovers and convert that time to machine 

processing time. Therefore, the scope of this project relates to the overall reduction of 

time that elapses from the last good piece of the previous production run until the first 

good piece is processed on the subsequent production run. The overall goal of applying 

the SMED methodology to the changeover process at KI is development of a system that 

allows for setup times of less than 10 minutes and reduces the total number of people 

required to participate in changeovers. 

Instrumentation 

The method used to evaluate setups for this study is the Single Minute Exchange 

ofDies (SMED) system. Although many techniques are available to evaluate and reduce 

setups, the researcher has decided to apply Shigeo Shingo's SMED methodology for the 

purpose of this project. For the purpose of this study, A Revolution in Manufacturing: 
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The SMED System (Shingo, 1985) was the primary source of information used. The 

researcher determined that the information available from this resource would be a 

valuable system to improve changeover performance for the fabrication department at 

KI's Manitowoc plant. 

Data Collection Procedures 

The method to collect data used in the study was to videotape an entire 

changeover operation. The setup time is measured as the elapsed time between the last 

good part from the previous production run until the first good part is produced from the 

subsequent production run. Measurements were taken to account for total number of 

people required to perform various stages of the changeover as well as travel distances 

required by the fork truck operator to retrieve and put away die sets during the 

changeover. 

Data Analysis 

Following step one of the SMED methodology, a typical changeover was 

videotaped and evaluated to measure the total setup time in the current state. The data 

collected was used to create a changeover observation chart for the changeover from one 

production run to the next. For the purpose ofthis analysis, the changeover observation 

chart data will start with the last cycle of the previous production run. Figure 1 details the 

changeover observation chart detailing the current changeover process. 
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The current changeover process begins as the last part of the previous production 

run is completed and set aside to a nearby skid that is used to accumulate completed 

parts. At the conclusion of the production run, the operator is responsible for moving the 

completed parts to a staging area for the next operation approximately 125 feet away. 

Upon returning from the staging area, the operator manually operates the press controls to 

bottom out the press to the clamping height of the press. Once the press is bottomed out, 

the operator obtains a hand tool and loosens four bolts securing the top plate of the die to 

the top platen of the press and also loosens four bolts used to secure the bottom plate of 

the die to the bottom platen of the press. 

Next, the operator asides the hand tool and returns to the press controls upon 

which the press controls are activated to raise the top platen to the full height of the 

press's cycle. This allows the operator sufficient clearance to safely remove the die from 

the press. At this point the mechanical fasteners used to secure the die to the press platens 

are removed and the die is ready to be removed from the press. 

The change over continues with the operator walking to a nearby telephone and 

pages for a lift truck operator in the area to assist removing the die set from the press. The 

lift truck operator will be responsible for removal and movement of the die set to the die 

storage area as well as retrieval of the die needed for the next production run. After a 

short wait, a lift truck driver arrives and with the assistance of the press operator the die 

set is removed from the press utilizing the lift truck's forks. Next, the press operator and 

punch press sit idle as the lift truck driver puts the die set away and retrieves the next die 

set. The die storage area is approximately 260 feet away from the press. 
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Next, the lift truck operator returns from the die storage area with the next die set, 

then the press operator seeks out another press operator from the area that will be needed 

to move the next die set into position on the bottom platen of the press. The lift truck 

operator now moves the die into approximate position on the bottom platen of the press. 

Next, both of the press operators hold the die set in place as the lift truck operator backs 

the lift truck away from the press. Once the lift truck is clear, the two press operators 

maneuver the die set into the proper position. Now that the die set is in place, the second 

press operator returns to their machine and the original press operator moves to the press 

controls and closes the press to the appropriate die clamping height by moving the top 

platen of the press down to the top plate of the die set. Next, the operator obtains the hand 

tool from nearby and begins to set the eight bolts that are used to secure the top and 

bottom die plates to the top and bottom platens of the press. Now, the hand tool is set 

aside and the press operator secures the quick change coupler for the airline. The press 

operator returns to the machine controls and cycles the press several times to validate the 

setup and ensure that the press and die set are functioning properly. Lastly, the press 

operator takes a few moments to adjust the floor mat in front of the press and moves the 

next batch of raw material to the press. The press operator runs the first part of the 

production run, visually inspects the part for quality and determines that the changeover 

is complete. 

For the purpose of collecting data for this study, the researcher videotaped all of 

the elements required to perform a typical changeover from one die set to another die set. 

Analysis of the videotape was performed and all work elements performed to complete 

the changeover were summarized on a changeover observation chart. This first step of 
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applying the SMED methodology is to measure the total setup time in the current state. 

The changeover observation chart is to be used as a tool to document the current setup as 

well as a tool to define all of the steps that make up the current changeover. 

Limitations 

Application of the SMED methodology can be used to significantly reduce the 

time required to changeover production equipment such as punch presses as is applied in 

this research project. One limitation to this study is that for anyone to undertake a project 

of this nature, training is required to ensure that the process steps and analyzing tools are 

applied properly. Therefore, any further application of the SMED methodology beyond 

the scope of this study is limited by those that have been sufficiently trained. 

Due to the various combinations ofpunch press equipment and the total number 

of die sets, it was not possible to analyze all possible punch press and die set 

combinations. The researcher determined that actual times required for changeovers 

would be distributed within a narrow range of variation. For the purpose of this study, 

generalizations will be made from the data analyzed as the project benefits are applied 

across the breadth of equipment and tool combinations utilized by KI punch press 

production requirements. In addition, gender, age, religion, ethnicity, job knowledge, 

abilities or skills will not be factored into this study. 
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Chapter IV: Results 

Introduction 

The purpose of this study is to reduce the manufacturing setup times necessary to 

change over punch press operations in the fabrication department at KI Manitowoc. In 

order to achieve this, the Single Minute Exchange of Dies (SMED) methodology will be 

applied as a tool to analyze setup elements and determine which elements can be reduced 

or eliminated to achieve the goal of overall setup time reduction. This will be 

accomplished through application of a six step process. The first step of the process is to 

measure the total setup time in the current state. In the second step, analysis of the setup 

elements is performed to identify the internal and external elements, including calculation 

of individual times for all elements. The third step involves converting as many of the 

internal elements to external elements as possible. The fourth step is to reduce the total 

time required to perform the remaining internal elements, followed by step five which 

focuses on reducing the time for all external elements. Finally, step six which requires 

that the changeover procedure be standardized. 

Step 1: Measure the total setup time in the current state. In traditional setup 

operations, internal and external setups are not clearly distinguished. Setup activities that 

could be performed externally to the machine setup are performed as internal setup and 

machines therefore remain idle for extended periods of time. The first step to applying 

the SMED methodology is to study the actual conditions of the shop floor in great detail 

(Robinson, 1990). In order to document the current state of a typical changeover for this 

study, an entire changeover was videotaped. Next, the video was viewed and a 

changeover observation chart was created detailing all of the work elements that were 
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performed to complete the changeover. In the current state, all work is performed as 

internal to the changeover, meaning that all changeover elements were performed while 

the machine was not running. Analysis of the current changeover process shows that 30.4 

minutes were required to perform the changeover from the last good piece of the previous 

run until the first good piece ofthe next run. Further analysis shows that interaction of 

three individuals was required to complete portions of the changeover. The requirement 

to have a second operator assist in a portion of the setup means that while the machine 

being studied was being set up, another machine sat idle while the additional operator 

participated in the setup. A stated goal of this project is to develop a changeover method 

where only one operator is required to change over any press. 

Step 2: Identify the internal and external elements, calculating the individual 

times. In the current state, all activities required to perform the setup are internal to the 

machine setup. Figure 2 provides individual times ofthe internal elements required to 

perform the changeover in the original state. As previously stated, total time to perform 

the changeover in the current state was 30.4 minutes with all elements being internal to 

the setup and required that the machine be idle during completion of all setup elements. 

Step 3: Convert as many ofthe internal elements to external as possible. The most 

important step in implementing SMED is distinguishing between internal and external 

setup activities and then implementing changes to convert as many of the internal 

activities to external as possible. In this step, it is important to recognize that preparation 

ofparts or tools in addition to any maintenance activities and so forth should not be done 

while the machine is stopped. The goal of this step in the process is to identify any 

changeover activities that can be performed while the machine is running, which in tum 
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Figure 2. Changeover Element Chart 
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leads to a direct reduction in the amount of time the machine is required to sit idle during 

the changeover. Mastering the distinction between internal and external setup is the 

essential task towards achieving SMED (Shingo, 1985). 

To assist in the analysis and conversion of internal to external elements, a 

changeover element chart was created. Figure 2 details the analysis of elements that were 

evaluated for conversion from internal to external. 

The ultimate goal of this study is to reduce the amount oftime required to 

perform a changeover from one die set to the next on punch presses within KI's 

fabrication department. Analysis of the current changeover procedures shows the only 

required internal setup elements of the changeover are those directly related to the 

removal, insertion and mechanical fastening of the die to the upper and lower platens of 

the press. Total time for internal setup elements equals 9.68 ~inutes. All other elements 

of the changeover can either be converted to external setup elements or eliminated 

through process improvements. Refer to Figure 2 for a summary of internal and external 

setup elements. The required internal setup elements start with the conclusion of the 

previous run and include the process to manually bottom out the press to the 

predetermined clamping height so that the four bolts securing the top of the die to the top 

platen of the press can be removed. The next required internal elements involve raising 

the press to allow clearance to remove the die as well as removal of four bolts used to 

secure the bottom ofthe die set to the bottom platen of the press. The press will be 

required to remain idle while the existing die set and the next die set are exchanged. The 

last of the required internal elements is to secure the eight bolts that are used to secure the 

top and bottom of the die to the press platens. 
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As analyzed in this study, there are many elements that can be converted from 

internal to external. The elements that can be converted from internal to external include 

performing elements such as pulling dies while the press is running instead of waiting 

until the press is idle. In the current state, the press operator pages over the plant's public 

address system for an available lift truck operator to report to the press in need of a 

changeover. The lift truck driver is needed to remove the existing die set, put the die set 

away and retrieve the die set needed for the next production run. Because there is only 

one fork truck operator to service the entire fabrication department, it is likely that there 

will be a delay from the time of the request until the fork truck operator arrives to the 

press. Development of a die pull sheet will allow for the conversion oftime spent 

locating dies to be converted from internal to external. Eliminating the time required to 

pull dies is a significant improvement as this activity can be completed by the fork truck 

operator while the press is running. 

Step 4: Reduce the time for the remaining internal elements. In applying step four 

of the SMED methodology, the task ofthe researcher is to explore alternate ways the 

setup elements shown as bars on the changeover observation chart in can be completed in 

. ~. 

a manner that consumes less time (Conner, 2001). 

As shown in this study, the existing changeover process for punch presses 

presents substantial opportunity for improvement. The current method requires the 

assistance of a second operator and the fork truck operator to perform the actual 

switching of dies. Analysis shows the actual exchange from one die set to the next took 

4.58 minutes and required three people (a total of 13.75 man minutes). The labor content 
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and time required to perform this internal element can be reduced through fabrication and 

placement oftwo die changing tables at each press. One table will be placed to the left of 

the press and one table will be placed at the right of the bed of the press. The height of 

the tables will be the same as the bed of the press to facilitate movement ofdies from the 

left table to the press and from the press to the right table. This process allows dies to be 

pulled and staged on the die tables adjacent to the punch press external to the setup as the 

die tables provide a storage location adjacent to the press to pre-stage the die needed for 

the next production run. It is estimated that actual time to exchange dies can be reduced 

from 4.58 minutes to 1.0 minute and be performed by only one operator. Net savings is 

12.74 minutes compared to the current method and reduces total personnel needed to 

perform the changeover from three to one. The proposed method eliminates the need for 

the fork truck driver and second operator to participate in the actual movement ofdies for 

the changeover, thus significantly reducing the labor needed to perform the die change 

and avoids any delays that are typically caused by the fork truck driver not being 

available when needed. 

The amount of time spent looking for tools needed to perform changeovers can be 

reduced by providing point ofuse storage for all tools needed by the operator. Tools will 

be stored on a shadow board adjacent to the press eliminating the need for the operator to 

walk away from the press to search for needed tools which ultimately delays the 

completion of the changeover. 

Step 5: Reduce the time for the external elements. In the current process there is a 

delay that occurs when the operator completes their run and requires the assistance of a 

fork lift operator to assist with removing the existing die from the press as well as the 
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delay that occurs when the fork truck operator retrieves the die set needed for the next 

production run. In order to eliminate any delays related to delivery ofdies, a die pull 

sheet will be developed and implemented. The die pull sheet is a document that will be 

filled out each day by the fabrication scheduler and will provide the lift truck operator 

with a list of die sets that will be needed for punch press production throughout the day. 

The die pull sheet will include information about what die set is needed, the punch press 

that the die set will be run on and the approximate time the die set will be needed for 

production. Additionally, a rack location system will be set up allowing the fork truck 

driver to more easily locate dies that need to be pulled for daily production. This will 

greatly reduce the amount of time spent searching for die sets. With the use of the die pull 

sheet, dies will be pulled in advance of when needed and staged on one of the die tables 

adjacent to the press. This process ensures the die sets will be located at the point ofuse 

where the die sets will be needed for the changeover. Implementation of this process 

eliminates much of the external time that delayed the changeover process in the current 

state. 

Step 6: Standardize the new procedure. Establishing precise procedures for each 

operator's work in the changeover process is necessary to show the precise sequence of 

operations in which the operator is required to perform the changeover. Standardized 

work instructions detailing the new changeover process will be developed and posted at 

workstations. Additionally, operators will be trained on the new changeover procedures 

to ensure the benefits of the new method are realized. The benefits of standardizing the 

setup procedures are documentation of the correct process for all shifts, reductions in 

variability, easier training ofnew operators and a baseline for improvement activities. 
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The improved changeover procedure is detailed in Table 1, future state punch press 

changeover procedure. 

Table 1 

Future State - Punch Press Changeover Procedure 

Int Activitiesernal Time Est. Sec. 
1 Last good part from previous run 26 S 
2 Bottom out press 107 S 
3 Get hand tool and loosen (8) bolts 10 S 
4 Aside tool and (4) bolts from lower platen 10 S 
5 Raise press 102 S 
6 Operator slides die from press to die tables - right ofpress 30 S 
7 Operator slides next die from die table left of press to press 30 S 
8 Get and thread 2 of 4 bottom bolts, start threads 46 S 
9 Get and thread last 2 bottom bolts, start threads 63 S 
10 Move control pedestal, move top platen down to die 28 S 
11 Hand tighten (4) top bolts 3 S 
12 Get hand tool to tighten bolts 3 S 
13 Tighten bolts with tool 63 S 
14 Attach airline - quick change coupler 22 S 
15 Cycle press - validate setup 18 S 
16 Set floor mat and move pedestal for next run 10 S 
17 Run/aside first part from next run 10 S 

581 
Total Changeover Time for Improved Method 9.68 Min. 

Previous time: 30.4 Min. 
Percent Reduction: 68% 

External Activities 
1 Move previous run to next operation staging area 193 
2 Fork truck operator to pull dies per Die Pull Sheet 342 
3 Utilize fork truck operator to move raw materials 60 

Total Time for External Elements (sec) 595 

Summary ofthe SMED Methodology Application and Changeover Improvements 

Application of the SMED methodology has identified many improvements that 

can be implemented to reduce typical punch press changeovers at KI. Following the first 

two steps of the methodology, an entire setup was measured in the current state and 

analyzed to identify the internal and external elements ofthe changeover. The analysis 
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determined that any step that involved the removal, handling and switching over from 

one die set to the next die set needed to be performed internal to the setup. The internal 

activities included use of a hand tool to set eight mechanical fasteners used to secure the 

plates ofthe dies to the platens of the press. The total time to perform the internal 

processes for the changeover were reduced from 30.4 minutes to 9.68 minutes or a 68% 

reduction from the current changeover method to the improved method developed 

through application of the SMED methodology. 

Step four of the SMED methodology is to reduce the time required to perform any 

of the required internal elements. The fabrication and installation of two die tables, one to 

be located at the left of the press and one at the right of the press will allow for an 

improved process for exchanging dies that can be completed by one person instead of 

three. Although the current process for the actual exchange ofdies requires 4.58 minutes, 

two operators and one lift truck operator are required for a total of 13.74 minutes. This 

element was able to be improved in both actual time required to perform the exchange 

and the actual amount of labor required to perform the exchange. In the proposed process, 

improvements will allow one operator to perform the exchange ofdies in approximately 

1.0 minute. 

Step five of the SMED methodology is to reduce the time required to perform the 

external elements of the changeover. During step three it was determined that many of 

the steps involved in retrieving dies could be converted from internal to external. 

Development of a die pull sheet allows for the elimination of time required to perform 

remaining external elements. 
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The final step of applying the SMED methodology is to standardize the new 

procedure. The purpose of the standards is to provide operators with rigid procedures to 

follow in order to meet consistent targets for metrics such as cost, quality and delivery of 

customer orders. 

Analysis of the current changeover process using the SMED methodology has 

lead to the development of an improved changeover process that will significantly reduce 

the time and labor required to perform punch press changeovers. In order to achieve the 

proposed changeover process, a list of action items detailed in Table 2 needs to be 

completed to support the new changeover method. The action item list is used as a tool 

to assign responsibility and due dates ofopen projects. 

Table 2 

Action Items / Work List 

Action Items Rank 
1 Develop proposed changeover procedure 
2 Design die tables (2) for Komatsu 80 ton 

press-Infeed and Outfeed Tables 
3 Fabrication of diet tables 
4 Installation of die tables 
5 Train operators on new changeover methods 
6 Development of Die Pull Sheet 
7 Workstation layout-Develop/Install 

shadowboards for point of use storage of 
tools 

8 Layout location labeling ofdie storage racks 
9 Implement new changeover procedure 

1 
2 

2 
2 
3 
3 
4 

5 
6 

Responsible 
Team 
A. Ziebell 

Completion 
Date 

4/17/07 
5/1/07 

Maintenance 
Maintenance 
B. Michels 
K. Zipperer 
Team 

5/14/07 
5/17/07 
5/5/07 
4/5/07 
5/5/07 

D. Wagner 
Team 

3/12/07 
5/20/07 

Bold=Milestone(s) 

In summary, the application ofthe SMED methodology for a typical punch press 

changeover can be improved from the current department average of 43 minutes to less 

than 10 minutes. At a savings of23 minutes per changeover multiplied by the average of 
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15 changeovers per day, the fabrication department can improve punch press capacity by 

5.75 hours per day. This added capacity improves utilization of current equipment and 

can be used to provide additional processing time of customer orders and provide faster 

movement of shop orders through punch press operations which ultimately leads to faster 

shipments to customers. 
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Chapter V: Discussion 

Introduction 

The researcher performed this field project with the goal of reducing punch press 

setup times and reducing the total labor content required for changeovers. In order to 

achieve this goal, Shigeo Shingo's SMED methodology was applied to analyze and 

improve a typical changeover process. Following the six step SMED method, the first 

step of the project was to observe and document a set up in the current state by 

videotaping an entire changeover from the last piece of the current run the first good 

piece is produced on the next run. In the second step, analysis ofthe setup was performed 

to identify the internal and external elements including calculation of individual times for 

all setup elements performed by the operator performing the changeover. The third step 

involved converting as many of the internal elements to external elements as possible. 

The fourth step was to reduce the total time required to perform the remaining internal 

elements, followed by step five which focused of reducing the time for all external 

elements. Finally, step six was performed which requires that the changeover procedures 

be standardized. At the conclusion of the six step process, an action plan was developed 

to document activities that need to be completed to achieve the proposed state. 

Limitations 

Application of the SMED methodology can be applied to existing changeover 

operations to significantly reduce the time required to change over production equipment 

such as punch presses as is applied in this research project. One limitation to this study is 

that for anyone to undertake a project of this nature, training is required to ensure that the 

process steps and analyzing tools are applied properly. Therefore, any further application 
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of the SMED methodology beyond the scope of this study is limited by those that have 

been sufficiently trained. 

Due to the various combinations ofpunch press equipment and the total number 

of die sets, it was not possible to analyze all possible punch press and die set 

combinations. The researcher determined that actual times required for changeovers 

would be distributed within a narrow range ofvariation. For the purpose of this study, 

generalizations will be made from the data analyzed as the project benefits are applied 

across the breadth of equipment and tool combination involved in the study. In addition, 

gender, age, religion, ethnicity, job knowledge, abilities or skills will not be factored into 

this study. 

Conclusions 

By applying the SMED methodology to the punch press changeover detailed in 

this study, the researcher concludes that SMED is an effective tool to provide improved 

changeover methods resulting in reductions in overall time and labor. The results of this 

study prove that setup reduction is an effective tool which can be applied to improve a 

manufacturing organization's ability to improve customer satisfaction through better 

utilization ofplant assets. 

As stated in the literature review, the most important step in implementing 

SMED is distinguishing between internal and external setup. Preparation ofparts, tools 

and maintenance activities should not be performed while the machine is stopped. It has 

been estimated by Shingo that implementation of step three, conversion of internal setup 

elements to external elements can lead to a 30 to 50 percent reduction (Robinson, 1990). 

Implementation of step three for this field study yielded a 68 percent reduction in overall 
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setup times which is consistent with data reported on other implementations of the SMED 

methodology. In the case ofthis study, the overall process was improved to reduce the 

amount ofoperators required to perform the exchange ofdies from three people to one 

person. 

Recommendations 

It is the researcher's opinion that application of SMED methodologies is an 

effective way to analyze, improve and reduce existing processes used to change over 

manufacturing equipment. This field study has shown that it is possible to reduce the 

amount of time required to perform a changeover as well as reduce the amount of direct 

labor needed to perform a changeovers through improvement ofprocesses. It is the 

researcher's opinion that additional training of engineering and management personnel to 

.' . '. 
apply the SMED methodologies to other departments in the organization would yield 

significant gains in productivity and machine utilization. With additional training and 

management support, SMED can be applied throughout the operation as an effective 

means toimprove any changeover process. 
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