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Abstract 
 
In this Masters Thesis the Overall Equipment Effectiveness, OEE, and Value Stream 
Mapping, VSM, were used for measuring and making production more efficient as 
part of Lean Manufacturing. The work has been carried out during the spring and 
summer of 2004 at some of the foundries of INTERMET Corp in the USA. 
 
The INTERMET foundries use OEE and VSM tools to report their results to the 
company headquarter and to follow up and continuously improve their effectiveness. 
 
The fact that OEE is used to compare the different factories might lead to it not 
being utilized as well as possible. The OEE number is basically a very good measure 
of the effectiveness of the machines, but should primarily be used for internal 
supervision of trends. If it is used to compare different factories, the temptation to 
adapt the values to the expectations might reduce its contribution to the real work of 
making production more efficient. 
 
VSM is a simple and efficient method used to focus on the path a product takes 
through the value adding chain and to generate good ideas for how to develop, 
simplify and make this more efficient. The important thing to think about when 
starting VSM work is to be prepared to implement any improvements quickly, 
otherwise the results soon will be forgotten and VSM will lose its status as a good 
and efficient tool. 
 
INTERMET should continue their OEE measure for the plants for continuous 
improvement of the machines and not as a measure for comparing plants. This will 
be misleading as different plants have different machines. 
 
INTERMET should also continue to do VSM mappings on a regular basis to see if 
the plants actually do change their processes in a lean manufacturing way.

 



 

Sammanfattning 
 
I detta examensarbete studeras Overall Equipment Effectiveness, OEE, och Value 
Stream Mapping (VSM) som nyckeltal för att mäta och effektivisera produktion. 
Arbetet har utförts under våren och sommaren 2004 vid några av INTERMET Corps 
gjuterier i USA. 
 
Dessa gjuterier använder OEE och VSM som en del av de ordinära verktygen dels 
för att rapportera sina resultat till bolagets huvudkontor och dels för att följa upp och 
ständigt utveckla sin effektivitet. 
 
Just det faktum att OEE används för att jämföra de olika fabrikerna kan göra att det 
inte utnyttjas så bra som möjligt. Talet är egentligen ett utmärkt mätetal på olika 
maskiners effektivitet, men skall i fösta hand användas för intern trenduppföljning. 
Används det för jämförelser mellan olika fabriker kan frestelsen att anpassa värdena 
till ställda förväntningar minska dess nytta för det verkliga effektiviseringsarbetet. 
 
VSM är en enkel och effektiv metod att fokusera på en produkts väg genom en 
förädlingskedja och generera goda ideer för hur denna kan utvecklas, förenklas och 
effektiviseras. Det viktiga att tänka på när VSM arbete startas är att man skall vara 
beredd att snabbt genomföra de förbättringar som framkommer, annars faller 
resultatet snabbt i glömska och VSM arbetet tappar sin status som ett bra och 
effektivt verktyg. 
 
INTERMET borde fortsätta att mäta OEE i de olika fabrikerna för att ständigt 
effektivisera maskinerna och inte för att jämföra fabrikerna sinsemellan. Detta 
kommer aldrig att bli rättvist då olika maskiner kommer att ge olika resultat. 
 
INTERMET borde också fortsätta att göra regelbundna VSM kartor för att se hur 
fabrikerna faktiskt gör ändringar i produktionen för att förbättra och effektivisera.
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1 Introduction 
 

1.1 Definition of project 

The first part of the project was to look into how INTERMET was calculating 
Overall Equipment Effectiveness (OEE) numbers at various plants and at the 
corporate level. Thereafter to try to see what OEE tells the company and also to find 
out what the key measures are and do interpretation on those. Finally to see if 
anything is missing in their calculations. Is OEE a good tool, or is there a method out 
there that is better? 
 
The second part of the project was to carry over Value Stream Mapping (VSM) of at 
least five different process streams. 
 
 

1.2 Purpose and goal 

The purpose of this project was to develop the ability to independently run a project 
and solve problems that occur in a professional way. The purpose was also to find 
out what OEE does and does not tell the company. Another thing was to learn how 
to make a good Value Stream Map and try to implement future improvements to the 
processes studied. 
 
The objective of this project was to have mapped at least five complete value chains 
at various plant locations, make recommendations for better material flow and 
handling and highlight observations that could reduce cost or provide for a better 
end product. The work was also to complete development of the company’s OEE 
manufacturing measurements and implement this into the INTERMET foundries.  
 
 

1.3 Presentation of the company 

INTERMET began their operations in 1846 as Columbus Iron Works in Columbus, 
Georgia. They made cast-iron cannon balls and armor plates for gunboats during the 
Civil War.  
 
In 1901 Columbus Iron Works supplied cast-iron pipes for New York’s burgeoning 
Manhattan Island water-distribution system. 
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In 1965 Columbus Iron Works closes the original foundry on the Chattahoochee 
River and built a new plant five miles north, which now is INTERMET’s Columbus 
Foundry. They begin manufacture of grey and ductile-iron castings. 
 
In 1971 George Mathews and other investors bought the Columbus Iron Works 
foundry and changed the name of the foundry to Columbus Foundries, Inc. The 
foundry also went to 100% ductile-iron production. 
 
In 1977 Columbus Foundries, Inc. built a second plant beside the current plant, 
bringing total yearly capacity for both plants to 65,000 tons. 
 
In 1980 Columbus Foundries, Inc. bought a foundry in Neunkirchen, Germany, from 
Bendix Corp. The plant is called Columbus Neunkirchen and specializes in ductile-
iron brake castings. 
 
In 1983 the Lynchburg Foundry Co. was purchased by a holding company set up by 
the owners of Columbus Foundries, Inc.  
 
To grow in Europe, and to diversify from the single foundry in Neunkirchen in 
Germany, INTERMET in 1998 acquired the VEGU foundry in former East 
Germany and renamed this INTERMET Ueckermünde, after the city of its location. 
The same year a partnership was started with the Mello Group in Portugal, through 
acquisition of 50% of a ferrous foundry in Porto. This ownership has since grown to 
75% in 2003 and to 100% in 2004. This foundry, now named INTERMET Porto, is 
the third of the foundries belonging to INTERMET Europe, the European holding 
for the European interests of INTERMET.  
  
During the early nineties INTERMET tried to supplement its heavy involvement in 
ferrous castings by making their first acquisition in the light metal sector. This 
foundry in Alexander City, Illinois, was added to by INTERMET in 1999 when it 
acquired two companies Diemakers and Ganton. INTERMET was now able to cover 
the whole range of castings, including cast iron as well as magnesium, aluminium 
and zinc. 
  
Today INTERMET is regarded a global enterprise, and with annual sales of 
MUSD 731 in 2003, it is one of the largest casting companies in the world. Of these 
sales 67% is in Ductile Iron, 24% in Aluminum, 7% in Magnesium and 2% in Zinc. 
  
Future plans also include expansion into China, as the automotive industry now is 
investing a lot to expand their car production in this part of the world. 
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2 Method 
 
In Lean Manufacturing there are many tools of making the process more efficient. 
Two of those tools are Value Stream Mapping (VSM) and Overall Equipment 
Effectiveness (OEE). These are the tools are discussed below.  
 
The way this thesis was made was to learn as much as possible about OEE and VSM 
and then travel to various INTERMET plants and look at their approach to OEE and 
to make VSM mappings at the plants. 
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3 Theories 
 

3.1 History of Value Stream Mapping 

Value Stream Mapping is a very important step in the lean process before diving into 
the task of waste elimination. Toyota, the pioneer company of lean thinking, has 
used this method since the 1970s. It is designed with the simple approach that 
characterizes the way this company works. Their challenge at this time was to 
change the company’s activities in product development, manufacturing, company 
collaboration, distribution and marketing according to the principles of the Toyota 
Production System, TPS (Ono, 1988). In the middle of the 20th century Toyota also 
was dominated by the thinking of mass production, pushing the products to the 
market in as large volumes as possible. When the company had changed over to TPS 
principles their mission instead became to have the costumers pull the variations and 
the volumes that exactly matched their always varying needs. 
 
Of course this was not possible unless the company could create an even flow of 
varying products that with very short lead times and change over times could pass 
through all processes from door to door. It would also apply to the whole network of 
cooperating companies throughout the entire value stream. It would create a flow 
without unnecessary stops and disturbances and with minimum losses and waste. 
Manufacturing volumes should be able to vary from day to day between reasonable 
limits. 
 
To be able to see the whole flow of activities and to quickly discover where there is 
room for improvement some form of method to visualize the refining process is 
needed. In Value Stream Mapping the work is done with paper and a pencil to draw 
a map of the information- and material flows that are the essential parts of the 
production system. A value stream is all the actions (both value added and non-value 
added) currently required to bring a product through the main flows essential to 
every product: the production flow from raw material into the arms of the costumer, 
and the design flow from concept to launch. (Rother and Shook, 2003) Easy symbols 
are used to illustrate costumers, processes, inventories, transport, information flows 
and suppliers. Symbols are easier to use than words, especially when you have to 
work between different language barriers. 
 
 

3.1.1 Value Stream Mapping 
 
Jim Womack and Dan Jones described in their book Lean Thinking from 1996 a 
step-by-step process to become leaner in production: 
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1. Find a change agent (how about you?) 
2. Find a sensei (a teacher whose learning curve you can borrow) 
3. Seize (or create) a crisis to motivate action across your firm 
4. Map the entire value stream for all of your product families 
5. Pick something important and get started removing waste quickly, to surprise 

yourself with how much you can accomplish in a very short period. 
 
The value stream mapping (step 4) is a very critical step in this process that is often 
overlooked. The main steps in VSM are:  

1. Creating a current-state map. The map that is going to show how the value 
stream is at the process at this time.  

2. Create a future-state map that is showing how the process is going to look 
like in the future. 

3. Implement changes that will get the process closer to the future-state map. 
 
Drawing the current state map is a paper and pencil method. The idea is to take an 
A3 paper and a pencil and walk the value flow from the shipping department to the 
raw material and sketch the value stream while on the shop floor. For an example of 
a current state map, see figure 1. 
 

 
 
Figure 1 Current-state map from the book Training to See, A Value Stream Mapping 
Workshop by Mike Rother and John Shook. 
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It is important to also get the information flow on the map as can be seen in figure 1. 
This is because it is important to be able to see the big picture not just individual 
processes.  
 
The purpose of value stream mapping is to highlight sources of waste and eliminate 
them by implementing the future-state value stream that can become a reality within 
a short period of time. The goal is to build a chain of production where the 
individual processes are linked to their customer(s) either by continuous flow or 
pull, and each process gets as close as possible to producing only what its 
customer(s) need when they need it. (Learning to see) 
 
If the facility has an existing product and process some of the waste in a value 
stream will be the result of the product’s design, the processing machinery already 
bought, and the remote location of some activities. These features of the current state 
probably can’t be changed immediately. The first iteration of the future-state map 
will probably be to take the current product designs, process technologies, and plant 
locations as given and seek to remove as quickly as possible all sources of waste not 
caused by these features. As Mike Rother and John Shook further says in Learning 
to See: With the exception of minor purchases think, “What can we do with what we 
have?” Subsequent iterations can address your product design, technology, and 
location issues. 
 
See figure 2 for an example of a future-state map. For a complete listing of symbols 
used, see Appendix 1. 
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Figure 2 Future-state map from the book Training to See, A Value Stream Mapping 
Workshop by Mike Rother and John Shook. 
 
Rother and Shook have found that the most useful aid for drawing the future-state 
map is the following list of questions:  
 

1. What is the takt time, based on the available working time of the process 
closest to the customer? 

2. Will you build to a finished goods supermarket from which the customer 
pulls, or directly to shipping? 

3. Where can you use continuous flow processing? 
4. Where will you need to use supermarket pull systems in order to control 

production of upstream processes? 
5. At what single point in the production chain (the “pacemaker process”, 

which is the process that will run at takt time) will you schedule production? 
6. How will you level the production mix at the pacemaker process? 
7. What increment of work will you consistently release and take away at the 

pacemaker process? 
8. What process improvements will be necessary for the value stream to flow as 

your future-state design specifies? 
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Based on the answers to these questions the ideas are marked directly on the current-
state map in red pencil. Once the future-state thoughts have been worked out in this 
way, the future-state map is drawn. 
 
 

3.1.2 Implementing the Future State 
 
The plan for achieving the future-state value stream can be a compact document that 
includes the following items: 
 

1. Future-state map. 
2. Any detailed process-level maps or layouts that are necessary. 
3. A yearly value-stream plan. 

 
It is a good idea to break the implementation into steps, as Rother and Shook 
describes in Learning to See, because there is too much to do when trying to 
implement the entire future-state concept at once. One way is to divide the future-
state value-stream into segments or loops. 
 
The pacemaker loop encompasses the flow of material and information between 
your customer and the pacemaker process. This is the most downstream loop in the 
facility and impacts all the upstream processes in that value stream. 
 
The loops upstream from the pacemaker loop should be divided to end after each 
pull-system supermarket. See example of loops in Appendix 2.  
 
These loops are an excellent way to break down the future-state implementation 
effort into manageable pieces. 
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3.2 Overall Equipment Effectiveness 

Honda (2000) stated that OEE is a measure of how well equipment or lines are 
utilized in relation to their full potential. OEE is based on the product of three 
individual factors, Availability (Operating Rate), Performance efficiency and 
Quality rate. The main objective to measure OEE is to make constraint or 
“bottleneck” equipment run more effectively. OEE and its individual factors will 
give the plant numbers to see where the equipment is loosing time, i.e. if it has much 
downtime or has speed losses or if the quality is poor.  
 
Focus should not be on a snapshot for a single day, but rather it should be on the 
trend over some time to see if continuous improvement efforts actually made the 
equipment run more effectively. 
 
 

3.2.1 OEE and the 6 Big Losses 
 
The 6 major categories of equipment production losses are: Breakdowns, 
Setup/Adjustments, Small Stops/Idling, Speed Loss, Startup Rejects and Production 
Rejects. OEE looks at these losses and gives a percentage number of how much time 
it took to produce the good parts related to the time it could have taken in an ideal 
world.   
 
OEE measures the proportion of scheduled time and the time the machine/cell/line is 
actually making salable parts. OEE is the product of the three percentage factors: 
availability, performance efficiency and quality rate. OEE is a good number to 
calculate and use for the continuous improvement at the machines. It gives instant 
feedback for improvements made in the plant and when broken down into the 6 Big 
Losses it shows where improvement is needed the most.  
 
There are many different ways to calculate the OEE. Here will be shown how Ford 
Motor Company calculates the Overall Equipment Effectiveness. Later on there will 
be examples of different ways to calculate OEE.  
 
See table 1 for an example of the OEE calculation from the Ford Lean Resource 
Center.  
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3.2.2 Availability 
 
The Availability is a percentage number showing how the machine was available 
when it was needed for production. It looks at the first two of the 6 Big Losses, 
Breakdowns and Setup/Adjustments. That is the downtime that is measured at the 
equipment. Usually if the measurements at the equipment/machine are collected 
manually it is times longer than 5-10 minutes.  
 
Availability is calculated by dividing the Actual Operating Time by the Loading 
Time.  
The loading time is given by subtracting the unscheduled time; e.g. no customer 
demand, nonworking Sundays, etc, during the day from the total available time or 
calendar time (24 hours in one day).  
 
The actual operating time is the loading time minus the sum of all downtime losses 
while operating, i.e. breakdowns and changeovers. See table 1 for an example of the 
Availability calculation. 
 
 

3.2.3 Performance Efficiency 
 
The Performance Efficiency takes into account the unrecorded downtime. That is the 
third and fourth of the 6 Big Losses, all unrecorded downtime, i.e. short stoppages, 
usually less than 5-10 minutes and losses due to the difference between ideal cycle 
time and actual cycle time.  
 
To be able to calculate the performance efficiency an ideal cycle time for the job 
running at the machine is needed. If the ideal cycle time is multiplied with the total 
parts produced the outcome will be the time it should have taken to produce the 
parts. To calculate the performance efficiency the time it should have taken is 
divided by the actual operating time. See table 1 for an example of the Performance 
Efficiency calculation. 
 
 

3.2.4 Quality Rate 
 
The Quality Rate is the same as FFT (First Time Through). The quality rate captures 
the last two of the 6 Big Losses; time loss due to the rejected parts during production 
and the losses from initial startup to process stabilization. The quality rate is 
calculated by dividing the good parts produced by the total number of parts 
produced. Good parts are all parts that meet the quality definition the first time. Parts 
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that have to be reworked are counted as scrap. See table 1 for an example of the 
Quality Rate calculation. 
 
 

Table 1. Overall Equipment Effectiveness as Ford Lean Resource Center 
(2001) does the calculation 

 
Availability 
 
A. Total Available Time (3 shifts * 8 hours = 24 hours)  1440 min 
 
B. Planned Downtime (30 min lunch + 15 min breaks) * 3 shifts 135 min 
 
C. Loading time (A – B)      1305 min 
 
D. Unplanned Downtime      250 min 
 
E. Actual Operating Time (C – D)     1055 min 
 
F. Availability (E / C) = 0.808     80.8 % 
     
Performance Efficiency 
 
G. Total Parts Run                 2004 parts 
 
H. Ideal Cycle Time (30 sec / 60)            0.5 min/part 
 
I. Performance Efficiency (G * H) / E =0.950       95.0 % 
 
MIA (Missing in Action) Time = Actual Operating Time –  
Total Parts Run * Ideal Cycle Time          53 min 
 
Quality Rate 
 
J. Total Defects (Scrap and Rework)        78 parts 
 
K. Quality Rate (G – J) / G = 0.961         96.1 % 
 
Overall Equipment Effectiveness (F * I * K = 0.738)      73.8 % 
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3.2.5 Time losses in OEE 
 
OEE is a great tool for showing where the biggest time losses are during production. 
It can be broken down into downtime losses, speed losses and quality losses so that 
it can be shown where the biggest time losses are.  
 
Starting at the loading time the downtime losses are subtracted to get the actual 
operating time. From there the speed losses are subtracted to get the net operating 
time. The way to get the speed loss is to multiply the ideal cycle time with the total 
pieces run and subtract that time to the actual operating time. Then the quality losses 
are subtracted to get the valuable operating time, which is the time it should have 
taken to produce the pieces. The quality loss comes from multiplying the ideal cycle 
time to the good pieces produced and subtracting that time to the net operating time. 
See figures 3 and 4 for OEE graphs from example 1. 
 

OEE Graph
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Figure 3. OEE graph showing time losses in minutes from OEE example 1. 
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OEE Graph
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Figure 4. OEE graph showing time losses in percent from OEE example 1. 

 

3.3 Different methods of calculating OEE 

There are at least three ways of calculating OEE. Nakajima’s formula, using event 
time records and product based calculation. All three calculations will end up with 
the same result. 
 
 

3.3.1 Nakajima’s OEE formula 
 
In the 1960s, Japanese engineering guru and manufacturing strategist Seiichi 
Nakajima developed OEE, Nakajima (1989). His approach is the same approach that 
Ford Motor Company (2001) and Honda (2000) use.  
 
 

3.3.2 Product based OEE calculation 
 
The product based OEE calculation is made by calculating the ratio between the 
times it should have taken to produce the good parts and the planned time of 
producing them, theoretical run time divided by scheduled time. 
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From table 1 above that would be:  
 
(Good parts produced * Ideal Cycle Time) / Planned Operating Time = (2004-
78)*0.5 / 1305 = 73.8%.  
 
This should only be used as a simple check of the OEE calculation because it really 
does not say anything about where the time losses are. It is a very easy way to check 
the OEE number of the plant if they do not have very good data collection for 
downtime etc. The goal of calculating OEE is for improving the effectiveness of the 
machines, by decreasing downtime, speed losses and quality losses. By calculating 
OEE this way, only using the loading time, the good parts produced and the ideal 
cycle time for the job, there really is no way of telling were the losses actually 
occurred and therefore it is hard to put resources were they would be needed for 
improving the machines. Nevertheless it is a good way of checking the OEE 
number.  
 
If the plant has many machines this could be a good way of tracking OEE on the 
machines that do not constrain the plant. Doing that the plant could concentrate their 
efforts on the machines that are most needed at the moment. E.g. the machines with 
high capacity that needs to be more effective. When improvements have been made 
on those machines some other machines probably will be in grater need of 
improvement and focus could be made on those. Then the OEE calculation should 
be made like in table 2 so that it is broken down into different time loss categories 
and it is easy to see where improvements are needed the most on the machines just 
by looking at the three factors that makes up for the OEE number.  
 
As said before this way of not including the three factors is not an ideal way of 
calculating OEE, but for plants with many machines it could be a good alternative 
when tracking their OEE, since it gives an accurate OEE. 
 
The drawback of using this method is that it is even easier to manipulate the 
numbers in this calculation. If a higher ideal cycle time is used there is really no way 
of noticing this because of that the performance rate is not showing in the 
calculation. When using the traditional way of calculating OEE the performance rate 
will rise high if the ideal cycle time is not set at a good level. E.g. if the performance 
rate is higher than 100% one will know that the ideal cycle time is set to high. This 
will not be shown in this way of calculating OEE. See example 2 for a comparison 
of the two ways of calculating OEE when the ideal cycle time is set too high, and 
one where there is a cap at 100% in performance efficiency. 
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Table 2. Comparison between two ways of calculating OEE when the ideal 
cycle time is set too high, and one with a cap on the performance efficiency 
at 100%. 

 
1. OEE calculation without a performance efficiency cap at 100% 
 
A. Available Work Time     480 minutes 
B. Unscheduled time       60 minutes 
C. Loading time (A-B)     420 minutes 
D. Downtime      120 minutes 
E. Actual Operating Time (C-D)    300 minutes 
F. Ideal Cycle Time          0.5 minutes/part 
G. Parts made           850 parts 
H. Scrap            100 parts 
 
I. Availability rate (E/C)              71.4% 
J. Performance rate (F*G/E)          141.7 % 
K. Quality rate ((G-H)/G)             88.2% 
        
OEE (I*J*K)                89.3% 
 
 
2. OEE calculation with a performance efficiency cap at 100% 
 
Availability rate                71.4% 
Performance rate                 100% 
Quality rate                 88.2% 
 
OEE                  63.0% 
 
 
3. Simple OEE calculation 
 
OEE ((G-H)*F / C)                89.3% 

 
 
 
As can be seen in the comparisons in table 2 above the third calculation hides the 
fact that the ideal cycle time is to high. Therefore, and the fact that the third 
calculation does not show where the losses are, whenever it is possible the 
calculation including the three factors; Availability, Performance and Quality is a 
much better way of doing the calculation.  
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3.3.3 INTERMET OEE 
 
INTERMET have implemented OEE calculations for their plants to report in the 
monthly BOS (Business Operating System) meetings. INTERMET also have made a 
special OEE sheet for a daily input at the die cast plants. The purpose of this paper is 
to go and see how they are using OEE at the various plants to see if they are using 
the same methods calculating the values. 
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4 Results 
 

4.1 Description of how INTERMET calculates OEE today 

Today INTERMET have many different ways of calculating OEE. Daily inputs are 
only currently required for the die cast plants, who send their OEE-numbers to the 
Corporate headquarters on a monthly basis. At the ferrous- and machining plants 
they have an OEE column in the Manufacturing report sheet for the Business 
Operating System (BOS) meetings every month.   
 

4.1.1 Corporate 
 
INTERMET Corp. OEE calculations for Cast and Trim operations are as follows: 
 
The OEE is today measured by multiplying the Operating rate, Performance rate and 
the Quality rate. The instruction paper for Cast and trim operations is shown in 
Appendix 16.  
 
The Operating Rate is calculated by dividing the Actual Operating Time by the 
Loading Time.  
 
The Loading Time is the Available Work Time (1440 minutes is the mandatory base 
number) - Planned Idle Time - Planned Break Time - Setup Time. 
 
The Actual Operating Time is the Loading Time - Unplanned Downtime. 
 
The Performance Rate is calculated by dividing the actual Shots/Day by the 
expected Shots/Day. 
 
The expected Shots/Day is (60 / Target Cycle Time) * Actual Operating Time. If 
more than one job number with different target cycle times is run a volume weighted 
cycle time is calculated. 
 
The Quality Rate is calculated by dividing the number of Good Pieces produced by 
the Output. 
 
The Output is the Shots/Day (Actual) divided by the Cavities/Die. 
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4.1.2 Hannibal Plant 
 
At the Hannibal Plant the OEE is calculated twice. The Corporate sheet for their die 
cast machines is filled out every day and sent to the corporate headquarters every 
month. For internal use they have made their own sheets that fit their production 
reports better.  
 
Their calculations are based on the same idea as the corporate sheet, Availability * 
Performance Efficiency * Quality Rate = OEE.  
The way Hannibal is calculating is a little bit different though. They are not 
calculating their OEE for each machine separately, but for every part number.  
 
The formulas for calculating the three factors are as follows: 
 
Availability = Uptime / (Net Available Time (7.5 h/shift) * (Nr of days worked - Nr 
of days working less than 7.5 h) + Total hours worked on days not working full 
time). 
 
Performance Efficiency = (Ideal Cycle Time * Parts run) / Uptime. 
 
Quality rate = (Parts run - Scrap - Rework) / Parts run. 
 
OEE = Availability * Performance Efficiency * Quality rate. 
 
 

4.1.3 Monroe City Plant 
 
Monroe City uses the Corporate Cast & Trim OEE tracking sheet for their die cast 
machines at both the Aluminum plant and the Zinc plant. On the secondary 
operations only the Zn plant is currently tracking OEE. They also use the same OEE 
sheet as the die cast group are using. The secondary operations at the Aluminum 
plant currently do not have an OEE calculation for them. It would be possible to start 
right away since they are collecting all the required data; uptime, downtime, good 
pieces and scrap pieces.  
 
 

4.1.4 Palmyra Plant 
 
They do not calculate anything themselves. However they are collecting all the data 
necessary for tracking OEE. They also have had plans to use a monitoring system 
called Shotscope for collecting downtimes at the die cast machines.  
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4.1.5 Decatur Plant 
 
Decatur is currently tracking OEE on a monthly basis. They do not use a standard 
cycle time in their calculation. Instead they use an average of the real cycle times 
made that month. This means that Decatur is not using the OEE definition as it is 
meant.  
 
 

4.1.6 Racine Machining 
 
At the Racine Machining plant they track OEE automatically in their AS400 system 
that logs all production data.  
 
The way the program calculates the OEE is:  
 
Run % * Run % Efficiency * Good Pieces % = Effectiveness %. 
 
Run % = Run Hours / Reported Hours. 
 
Run % Efficiency is calculated as Total Production / (Standard Rate * Run Hours). 
 
 
What they need to do is to look into all codes so that they get an accurate OEE 
number. 
 
 

4.1.7 Racine Plant 
 
The Racine Plant is tracking OEE using the corporate OEE sheet for both die cast 
machines and for secondary operations. They have probably set their standard cycle 
times for OEE too high because many machines have very high performance 
efficiency rates.  
 
 

4.1.8 New River Foundry 
 
New River Foundry in Radford, VA, is currently tracking all necessary information 
for OEE at their two DISAMATIC molding lines on a daily basis. On the core 
machines the availability and performance efficiency are tracked daily. They use the 
best cycle time they can achieve for their calculations and include the setup times in 
the downtime. 
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This means they have a very good chance to discover interruptions in their 
production. They do not have a written OEE number in their sheets, but they use 
uptime %, efficiency % and scrap % individually which is a safer way since those 
numbers make up for the combined OEE % number. See table 3 through 5 for 
measurements from the Production Report on June 1 2004. 
 

Table 3 Example from New River Production Report for the 2130 
Disa Line showing Uptime % on June 1 and June 2 2004 

 
2004 Avail. Min. Up Min. Uptime % Molds 

Poured 
Tons Melted

06/01 510 420 82.35% 2231 140 
06/02 1020 834 81.76% 4441 172 

 
 

Table 4 Example from New River Production Report for the 2130 
Disa Line showing Efficiency % on June 1 and June 2 2004 

 
 
2004 Efficiency % 

1st shift 
Efficiency %  
2nd shift 

Efficiency %  
Total 

06/01 - 79.5% 79.5% 
06/02 74.2% 112.4% 92.2% 

 
 

Table 5 Example from New River Production Report for the 2130 
Disa Line showing Scrap % on June 1 and June 2 2004 

 
2004 Tons 

Cast 
Tons 
Scrap 

Scrap % Tons 
Finished 

Tons Shipped 

06/01 88 2.91 3.30% 45 146 
06/02 84 1.97 2.35% 66 63 

 
 
See Appendix 3 for the Production Report from New River for the month of June 
2004. 
 
If the uptime, efficiency and scrap percentage is multiplied the OEE for 06/01 would 
be: (0.8235 * 0.795 * (1-0.033)) * 100 = 63.3%. 
 
OEE for 06/02: 
(0.8176 * 0.922 * (1-0.0235)) * 100 = 73.6%. 
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If looking at the efficiency % at the 2nd shift on 06/02 the efficiency is shown to be 
over 100%. If that number would be lowered to 100% the OEE would be lower. The 
exact number depends on the standard cycle times for the different parts. 
 
Conclusion to New River’s OEE is that they do use all necessary data on a daily 
basis to start reporting OEE. 
 
 

4.1.9 Archer Creek Foundry 
 
Archer Creek Foundry, which is located just outside Lynchburg, VA, is the only 
INTERMET foundry with a horizontal mold line.  
 
Archer Creek calculates OEE at least once a month for their molding line. They 
include setup times in the downtime and use their average mold speed of 280 Molds 
per hour as ideal speed rate. The maximum rate is 300 molds per hour.  
 
 

4.1.10 Jackson Plant 
 
At the Jackson Plant they calculate OEE in a different way. To get the performance 
efficiency in the calculation they bases their calculation on the loading time instead 
of the actual operating time as it should be. This makes their OEE appear to be lower 
than it would be if based on the operating time. 
 
 

4.1.11 Columbus Foundry 
 
At Columbus Foundry they are tracking OEE at their molding lines. They use the 
best rates for different parts standard rates in the efficiency calculations. Downtime 
includes setup times and all other downtime events except preventive maintenance. 
 
Columbus Foundry has implemented a new powerful, real-time, web-based process-
control system called “Intellution info Agent®”. This would be a very good way of 
tracking OEE in real-time at the foundry. They will get their OEE numbers in real-
time at every machine which will help operators see if the machine is running well. 
This would be a very good thing to implement in all plants. 
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4.2 Value Stream Mapping 

During this project five value stream mappings were made. Here these maps will be 
shown and discussed. The main goal of the mappings is to find waste in the process  
and eliminate this waste to get a leaner process. Also push between processes has 
been eliminated when possible.  
 
 

4.2.1 New River 
 
The first foundry that was looked at for the purpose of value stream mapping was 
the New River Foundry in Radford, VA. New River is a ferrous foundry with two 
Disamatic molding lines. Not much time was available at this foundry so their old 
map was looked at with the help of one of their engineers. Because of the limited 
timeframe at this foundry it was merely an attempt to get the feel for making value 
stream maps. The map that was looked at was made during a lean event made in 
2001. The 2001 current state map can be seen in Appendix 10. As can be seen on 
this map they had push between almost all the different processes. On the future 
state map also made in 2001 at the same lean event, all push between processes has 
been replaced with FIFO (First In First Out) systems and supermarkets with kanban 
systems making the upstream processes produce more parts only when needed 
further downstream.  
 
The core-making process also has been moved into the molding process. The two 
core machines are now making cores only when needed at the molding line. This is 
made possible by placing the core machines alongside the molding line and sending 
finished cores directly to the core setter at the molding line by a conveyor belt. Other 
kaizen burst noticeable are that they had to reduce the changeover time at the core 
machines from their former 35 minutes to fewer than 8 minutes as that is the 
changeover time for the molding line. Also the reliability of the blast machine has to 
be better than the 85% it used to have. The goal was set to 95% at the molding line 
and if the blast will be connected in the molding line with a continuous flow its 
reliability also has to be up at 95%. The same goes for the core machines. 
 
For a walkthrough of the key questions for the future state (Rother and Shook, 2003) 
see Appendix 5 and for the future state map see Appendix 10. 
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4.2.2 Archer Creek 
 
The second process that was looked at was the crankshafts (654, 433) for Chrysler at 
the Archer Creek Foundry in Lynchburg, VA. Archer Creek is a ferrous foundry two 
horizontal molding lines in comparison to the vertical Disamatic lines at the other 
ferrous foundries. Their mold size is: 800 * 600 mm with a height of 200 + 200 mm. 
 
The three days over at the Archer Creek Foundry were spent walking through the 
process timing cycle times and mapping up the process. The current state map can 
be seen in Appendix 11.  
 
The main steps in the process are: The melting department melts iron in two Cupola 
melters. At the molding line the mold is made at an Osborn molding machine. Since 
it is a horizontal line an under and upper mold is made. The under half of the mold is 
then going on the line past the core setting and mold inspection area where all 
necessary core’s and filters are placed in the mold. At the same time the upper half 
of the mold is traveling above the same area making it possible for inspection of that 
half of the mold as well. After the core setting the upper half of the mold is lowered 
on top of the under half and are continuing on the line over to the pouring area. In 
the mean time the operators at the pouring area have got the necessary treatment of 
the metal and filled up the pouring ladles. Then they pour the metal into the flask 
making the casting (in this case two crankshafts). After the pouring of metal the 
flasks are continuing on the line for the cooling process. It takes approximately one 
hour for the flasks to travel around the line to the punch out, where the castings are 
punched out from the flask. Then the castings travel through shakeout and knockout 
where sand and castings are separated. At the knockout area the runners and pouring 
channels are separated from the casting. The castings then travel to the blast 
operation. Archer Creek currently have five blast machines connected with the lines, 
three for one line and two for the other.  
 
The key questions for the future state (Rother and Shook, 2003) are shown in 
Appendix 6. 
 
See Appendix 11 for the Archer Creek future state map. The lead time has been 
lowered from 26 days to 9 days. 

 

4.2.3 Jackson 
 
Jackson Plant is an aluminum die cast plant in Jackson, TN. The process that was 
studied was a new PCPC (Pressure Counter Pressure Casting) process. A total of 
three days was spent studying the process for VSM and OEE. For the current state 
map from the Jackson PCPC process, see Appendix 12.  
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The main steps of the process are as follow: The aluminum melter melts aluminum 
and pours it to the holders. The holders then transfer the aluminum to the two PCP 
casting machines. The machine makes three castings which are put inside a trim 
press. A robot then takes the three castings and is holding them at a marking station. 
Then the castings are put on a conveyor belt to the X-Ray station. At the X-Ray 
station two robots are X-Raying the castings in real time to determine if the castings 
are good or scrap. From the X-Ray the castings either go on a conveyor belt to the 
scrap bin or on a conveyor belt to a saw- and inspect cell. One robot is sawing the 
castings and then drops them to the inspection and packaging area. Then the castings 
are shipped to a heat treating facility and then further on to INTERMET Stevensville 
operations.   
 
The key questions for the future state (Rother and Shook, 2003) are shown in 
Appendix 7. 
 
See Appendix 12 for the Archer Creek future state map. The lead time has been 
lowered from 7 days to 3 days. 
 
 

4.2.4 Racine 
 
Racine Plant is an aluminum die cast plant in Sturtevant, WI. The process that was 
studied was their Chrysler Dif covers. The problem they had was that they needed a 
lot of extra work at this process to get the parts done in time. Therefore the 
possibility to put the covers in a bigger die cast machine with two dies instead of one 
was looked into. For the calculations regarding this, see Appendix 15. Also VSM 
was done. For the current state map, see Appendix 13. 
 
The main steps of the process are as follow: The aluminum is transported from the 
holding furnace to the die cast machine with a fork lift. The die cast machine has one 
cavity and the casting is then transferred to a trim press. Then the castings go to 
storage and further to a deflash area. This rework is necessary to remove since it 
takes up an operator and takes a lot of time. After the rework a forklift transfer the 
castings to a scale and to the shipping area. 
 
For the future state two possibilities were considered. The first possibility was to 
keep the present die cast machine and make a new die to get rid of the flash and then 
also the rework. The second possibility was to move the casting to a bigger die cast 
machine with two cavities. The result was to keep the casting in the present machine 
with a better die. The main reason was the price of the new two cavity die. See 
Appendix 15. 
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The key questions for the future state (Rother and Shook, 2003) are shown in 
Appendix 8. 
 
See Appendix 13 for the Racine Plant future state map, both for one cavity die and 
for two cavity die. The lead time has been lowered from 4 days to 3.5 days for both 
the one cavity die and the two cavity die. 
 
 

4.2.5 Columbus 
 
The Columbus Foundry in Columbus, GA is a ferrous foundry with 5 Disamatic 
vertical molding lines. The process studied here was the GMT 800. Columbus had 
made a Value Stream Map some years ago and that map was looked at and made 
current as of now. For the current state maps, see Appendix 14. 
 
The main steps at Columbus are: From the molding and pouring if iron the casting 
goes 40 minutes for in-mold cooling. Then there is degating and 45 minutes of pre-
blast cooling. Then the casting goes to a shot blast and further to a work cell with a 
trim press. Then there are some audits and inspections and finally the casting goes to 
the shipping department. 
 
For the future state the introduction of a kanban system and to combine the audit and 
inspection was made.  
 
The key questions for the future state (Rother and Shook, 2003) are shown in 
Appendix 9. 
 
See Appendix 14 for the Columbus Foundry future state map. 
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5 Discussion 
 

5.1 Advantages and disadvantages of OEE 

There is a great need to develop key measures that supports value-creating behavior 
aimed at Lean Production. The meaning of value-creating behavior is that everyone 
in the organization shall be able to measure, present and be rewarded for efforts 
made that lead to a reduced waste in the processes. If an organization sticks to its old 
productivity measurements for mass production and at the same time tries to become 
Lean and value-creating it will be difficult for all co-workers at all levels and 
functions to change their values and their behaviors. It is obvious that it is easier to 
stick to the old values and behaviors if the measurements, result reports and rewards 
still are from mass production measurement methods. 
 
A measurement method that is commonly used by companies on their way towards a 
Lean production is OEE (Overall Equipment Effectiveness). This measurement is 
used for valuing success in productivity improvement programs. OEE is a 
percentage number that is usually defined by multiplying the calculated availability 
rate, performance rate and quality rate.  
 
 

5.1.1 Disadvantages with using OEE on a pacemaker controlled process 
 
When OEE is used as a measure of a lean process with a defined pacemaker process 
in the system the standard cycle time is defined by the customer demand and not by 
the machine speed. If the best achievable cycle time were to be used in that case the 
performance efficiency would become low. In cases like this the takt time should be 
used as the standard cycle time.  
 
In the case of measuring OEE on die cast machines the takt time really can not be 
used since the die cast machines have their speed they will run at, based on the size 
of the machine and for example the time it takes for the casting made to solidify. In 
this case the defined cycle time for the casting made should be used as the standard 
cycle time. 
 
For molding lines the best cycle time the molding machine can do could be used as 
the standard. Also the defined cycle time that makes a good casting could be used as 
the standard cycle time. Another way would be to use different cycle times for 
different product families. For example core- and coreless molds, or to define 
different groups for the different jobs based on how difficult they are to make. When 
an average cycle time is used as a base of the calculation as it is in Archer Creek and 
Decatur one cannot look at different jobs individually and see the true OEE number. 
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The easiest way to define the cycle time would be to use the ‘name plate’ cycle time 
defined by the maker of the machine. 
 

5.1.2 Performance rate 
 
The equipments performance rate is probably the biggest diversity that is coming up 
when calculating OEE. An important task is to establish the production pace of the 
value flow in the pacemaker process that will be in charge of the process speed. In a 
pull-production system the pacemaker process will initiate the manufacturing 
upstream in short time intervals called batches. They are similar to what have been 
used before but are based on the costumer demands calculated to a takt time. If the 
company produces faster than the takt time it leads to overproduction and a waste of 
resources. If they produce slower than the takt time they won’t be able to deliver the 
demanded volume to the costumer.  
 
The hard part about the performance rate is to find a good cycle time. There are 
many different ways on looking at that. One way is to set it at the minimum cycle 
time of the machine. Another way is to set it as the monthly takt time. The problem 
that occurs when doing that is that is impossible to compare different months. 
 
The risk of the performance rate is that it can be misunderstood. Just because a 
machine can produce 120 pieces per hour it is not certain that it should produce that 
many. The company should strive to produce according to the takt time. If the 
calculated takt time shows that the machine should produce with a velocity of 60 
pieces per hour it should produce at that pace. To measure the performance rate does 
not mean that the work team will let the machine run on the highest speed.  
 

5.1.3 Availability 
 
By availability it is meant that the equipment should be available when it is planned 
to be. A customer does not care if the equipment is available at times it is not needed 
to produce their products.  
 
What is tried to measure is the equipments reliability to be able to run according to 
the customer needs, not if the machine is able to run during all working hours during 
the shifts. Many companies try to always have a machine in work because they 
perhaps want to fulfill the demands on income from invested capital. This may 
however lead to a faster production than the takt time, therefore overproduction, the 
most significant source of waste. (Learning to See) 
 

33 



 

5.1.4 Quality 
 
It is obvious that the working teams and machines shall produce quality products. A 
fundamental principle of Lean production is to never let a defect part be handover to 
the next step in the processing. Thus it has to be clear that it can be very hard to 
measure product quality. How is a defect on a part defined? How many opportunities 
are there to produce a defect on a part? Do two different operators define a defect the 
same way?  
 
The more the machines and processes are used in one-part flows, the easier it gets to 
have control of the quality. That has much to do with the fact that one-part flows 
makes it easier to inspect the sources of the problem and give fast feedback with 
signals of different kind when parts with errors are produced. 
 
The conclusion is that it is necessary to measure the quality rate in every products 
value flow.  
 

5.1.5 Multiplying the measurements 
 
This is also a potential problem that OEE brings. By multiplying the availability 
rate, performance rate and the quality rate and use the result as an overall 
effectiveness measurement can lead to wrong conclusions and may potentially 
increase the costs in the products value flows. See example 1. 
 
 
 

Example 1 Potential problem when looking at OEE 
 
One measurement gives the following result: 
 
Availability rate 80% 
Performance rate 99% 
Quality rate 95% 
 
OEE = 80% x 99% x 95% = 75% 
 
Next measurement gives this result: 
 
Availability rate 95% 
Performance rate 98% 
Quality rate 89% 
 
OEE = 95% x 98% x 89% = 83%   
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The one who makes the analysis could from this by mistake make the conclusion 
that the production system now works better than before. But one has to also look at 
the individual numbers. The change could be due to the natural variance in the 
process. In this example the quality rate has become worse. That could cost a lot of 
money to correct.  
 
Just to look at the OEE-number separate without really understanding the important 
production conditions that are behind the measured numbers could lead to that one 
either response the right way or the wrong way. The result could be that the co-
workers stimulate behavior that is completely opposite to the strategies the company 
has put up to achieve a Lean production. A good OEE-point in Lean production is 
not achieved by running a machine faster and harder. Rather it should be driven in 
the velocity that is appropriate, be available only when needed and have the capacity 
to produce parts according to the customer requirements. By creating a key number 
for availability rate, performance rate and quality rate the unwanted variance will be 
camouflaged in one of the factors.  
 
 

5.1.6 What does OEE not show?  

OEE is a good way for looking at a single machine’s performance. However it does 
not really say how the entire plant is performing. It says how the plant is performing 
based on how much each machine was scheduled to run but not based on how 
machines are utilized in the plant. It does not say anything about if the plant makes a 
profit or not. An example on how the situation could look like in a plant is shown in 
example 2.  

Example 2 Example on how a plant could look like.  

Let us say that the plant has 15 machines on the shop floor. They used to 
have many orders and ran all the machines every day. Their overall plant 
OEE used to be 63%. These days the orders have dropped and they only run 
5 out of the 15 machines. On those 5 machines they have a plant OEE of 
90%. Is the plant doing better now than it used to?  

 

OEE would not say anything about the situation in example 2. If that number is the 
only thing that is looked on then management could think that the plant is doing a lot 
better now than it used to, 90% OEE now and 63% OEE before.  
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Of course the plants are looking at what kind of profit they are making, but looking 
at the OEE number will not provide any other information than how effective the 
machines/plants are in relationship to the planned time it had to operate.  

There are however easy ways to include some utilization calculations on the same 
sheet as the OEE calculation is made. Here is shown how three different utilization 
calculations can be made (Koch 2003). See table 6 below for comparisons between 
OEE and utilization calculations between the two different days. 
 
 

5.1.7 Utilization 
 
It is important to measure utilization at the same time as measuring OEE. Here are a 
few different ways of doing that:  
 
Asset Utilization is the percentage of the actual operating time and the total available 
time (calendar time, i.e. 24 hours per day). 
 
TEEP (Total Effective Equipment Performance) is the percentage of calendar time 
the equipment is running at speed and making good product. It is the ratio between 
the total available time (calendar time) and the actual effective production time. That 
is the same as the theoretical maximum amount of good products versus the actual 
amount of good products made during that time. It can be calculated by multiplying 
the Asset utilization, Performance efficiency and the Quality rate together.  
 
Capacity Utilization is the ratio between the total available time and the loading 
time. It shows the hidden operations potential. For example it would show the 
difference between 2 and 3 shifts.  
 
 

Table 6 Comparison between two days for OEE and utilization 
 

Available work time 
(15 machines*24h)  360  

Available work time 
(15 machines * 24h)  360

 Planned idle time 0   Planned idle time (10*24h) 240
 Planned break time 0   Planned break time 0
Loading time 360  Loading time 120
 Unplanned downtime 20   Unplanned downtime 0
 Setup time 0   Setup time 0
Operating time  340  Operating time  120
       
Ideal cycle time  0.9  Ideal cycle time  0.9
Cycles made  18000  Cycles made  8000
Parts per cycle  1  Parts per cycle  1
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Parts made  18000  Parts made  8000
       
Scrap 3000  Scrap 800
Good Parts  15000  Good Parts  7200
       
Availability  94.4%  Availability  100.0%
Performance rate  79.4%  Performance rate  100.0%
Quality rate  83.3%  Quality rate  90.0%
OEE   62.5%  OEE   90.0%
         
Downtime losses  5.6%  Downtime losses  0.0%
Speed losses  19.4%  Speed losses  0.0%
Quality losses  12.5%  Quality losses  10.0%
       
       
Asset Utilization  94.4% Asset Utilization  33.3%
Net Utilization  62.5% Net Utilization  30.0%
Capacity Utilization  100.0% Capacity Utilization  33.3%

 
 
 
 
OEE is not the perfect tool for comparing plants. The corporate does not really have 
control of what is put into the calculation. The number is very easy to manipulate. 
One example could be if a plant has a low OEE number on some machines but want 
to invest in new machines because of new orders coming in. Then the plant could 
change the ideal cycle times to get a higher OEE number and then claim that they 
need new machines, while the truth could be that all they need to do is to work on 
reducing waste on the machines to get more capacity. 
 
 

5.1.8 First Time Through (FTT) 
 
Quality rate could also be called first time through. It is important to get a correct 
FTT number in the OEE calculation. 
 
The only information that is needed to be collected is some combination of; total 
parts, good parts and scrap parts. The ratio of good parts to total parts will give the 
FTT rate. 
On casting machines this is not really an issue. It is somewhat straightforward to 
count the amount of scrap and total parts the machine made during the shift. Where 
it could be a problem is when it comes to secondary operations. If scrap parts are not 
noticed in the inspection after the casting operation some parts could go on to the 
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machining operation. The question here is how to calculate FTT on the machining 
operations when the scrap is from the casting operation?  
 
One approach could be to send all casting scrap found prior to machining back to the 
casting operation so that it would hurt their FTT and not the machining FTT. Then it 
could be sent back and be counted in the casting FTT. If the part is machined and the 
casting scrap is found after that operation then the part is counted as machining 
scrap. In this case it is important to have some scrap codes at the machining 
operation for the casting scrap. That is important because of if the secondary 
machine turn out to have a poor FTT it is good to be able to see if the defects are 
machining defects or casting defects. 
 
What if scrap that was found after machining were to be sent back and not noticed in 
the machining FTT? That would not be such a good idea. Even if it would sound 
unfair for the machining group to get a lower FTT because of casting defects they 
might not could notice, the equipment still have machined the part and therefore lost 
time manufacturing a scrapped part. This has to be noticed in the quality part of the 
OEE. If the scrap were just sent back to the origin place were it was made outside of 
specification that time would not be noticed. On the other hand as long as it has been 
noticed in the machining equipment’s FTT, then it could go back to the casting 
equipment as well to get an accurate FTT on that machine. 
 
The FTT in OEE should not include parts that is on hold or may be condemned. If 
the part is transferred and later found to be scrap, the waste percentage should be 
indicative to the loss. 
 
 

5.2 Cycle Times 

The cycle time is probably the most important part of to get a correct OEE 
calculation. Below are some input according this. 
 

5.2.1 Performance Rate 
 
This is probably the most important part of the OEE calculation. The formula that 
gives the performance always includes an ideal cycle time or an ideal rate. To get the 
cycle time from the rate just divide 1 by the rate and vice versa.  
 
The standard cycle time or speed rate should be the best speed or cycle time 
achievable for that particular job. For instance the best cycle time achieved in the 
past could be a good standard cycle time to use in the OEE calculation. If the 
machine after a while has to run slower due to for instance an old die, then that 
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would show in the performance rate as it would drop. Changing the standard would 
just hide the fact that the machine is running slower than it theoretically could.  
 
If no standard cycle time or rate is available for the job, a generated value from the 
best couple of days from the past year could be used. That way you would know that 
that rate once have been achieved and therefore it should be achievable again.  
 
It is very important to find a good standard rate to get a good OEE value, since in its 
basic form, OEE can be measured just by using the formula: OEE = Good Pieces 
Produced * Standard Cycle Time / Loading Time. That formula would give the same 
result as the three ratios; Availability, Performance Efficiency and Quality rate 
multiplied together. All information needed for the simplest OEE calculation is:  

• How many products meeting specifications was made? 
• How much time was scheduled or allowed for production of that product? 

(Loading Time) 
• What is the ideal or expected cycle time or speed for units of that product? 

 
See table 7 below for a comparison from table 6 earlier. 
 
 

Table 7 OEE calculation using its simplest form. 
 
A. Loading Time            360 hours 
B. Good parts made         15000 parts 
C. Standard Cycle Time       0.9 min/part 
 
OEE (B*C/A) = 15000*0.9/(60*360)=0.625   62.5% 

 
 
This is an easy way of checking if the OEE calculation made was accurate or not, 
but it does not reveal where the lost time was in the process. It could be a way for 
plants without good data collection to get accurate OEE.  
 
For getting an accurate OEE the key elements are how to define Loading Time and 
that a good Standard Cycle Time is chosen. If the cycle time is set to high according 
to what it is achievable of doing then the risk is that wasted time is overlooked in 
downtime or/and producing scrap. For example, if a machine have an OEE of 90% 
that looks very good. When looking at the three ratios it could look like this if a too 
high standard cycle time was used: Availability = 70%, Performance Efficiency = 
143% and Quality Rate = 90%. This would mean that during a shift of 8 hours the 
machine was down for 144 minutes and was producing scrap for 33.6 minutes (100 
scrap parts * 20.16 sec/part actual cycle time) with a total of 177.6 minutes of 
wasted time. If only looking at the OEE the wasted time would be 480 minutes * 0.2 
= 96 minutes of wasted time. That would mean 81.6 minutes of “forgotten” waste.  
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If instead the standard cycle time was corrected to a performance efficiency of 100% 
(which might not be true, but it is still more accurate than 143% and could be 
corrected further as time will tell what the standard time should be), in this case that 
would mean 20.16 seconds per part. Then the OEE would be: 70% * 100% * 90% = 
63%. That would mean a lost time of 480 minutes * (1-0.63) = 177.6 minutes. In real 
life the machine might be able to run at an even faster speed and then there would be 
even more losses in time not revealed because of the standard cycle time was set to 
high (speed rate was set to low).  
 
The conclusion of this is that it is very important to have a correct ideal cycle time to 
compare to the actual cycle time to get a good performance result.  
 
 
For every different job the machine is running a different ideal cycle time has to be 
used. Another approach could be to use the same cycle time (best cycle time) for the 
entire product family run on the machine. On those parts where the rate has to be 
lowered the reason should be pointed out in a comment column on the OEE sheet, so 
the loss due to difficult parts to manufacture can be recognized. 
 
 

5.2.2 Quoted Cycle Time 
 
A good cycle time to use could be the quoted cycle time. Then if the actual cycle 
time is better than the quoted time the company would know that it probably is 
making money. The performance rate would then be over 100% but there could be 
two separate columns in the OEE sheet that would show the different OEE numbers, 
both the number with the high performance rate and also a number with a corrected 
performance rate at 100%. The drawback of using the quoted cycle time could be 
that the plant would not be as driven to lowering their cycle times if the always were 
under their quoted cycle time. This would mean that continuous improvement would 
be held back. That is why a low standard cycle time should be used so that the 
company would have something to strive to achieve.  
 
If taking Decatur Foundry as an example, as said in the results, they do not use the 
OEE in a proper way. Instead they use the actual cycle time calculated from the 
number of good molds made and their uptime. When using that cycle time in the 
OEE calculation the performance rate always will be higher than 100% if any 
unpoured molds were made. This is not shown in the way they are calculating OEE 
since they do not take into account the molds that were not poured. All they look at 
is the good molds. This means that they could have much lost time in their 
production making scrap molds that is never shown in the OEE. What has to be done 
is a way of calculating OEE that would include both the mold quality and the part 
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quality, meaning it would be four factors making up for the overall mold line OEE. 
If this approach is used a molding OEE always will show a daily OEE number and 
the overall molding line OEE could be a weekly number, since the scrap parts are 
harder to spot on a daily basis. Sometimes the scrap is found up to a week after it 
was made. That would make it a problem calculating an OEE for the entire mold line 
on a daily basis. Having a sheet that let the plant input data for the molding line on a 
daily basis and the scrapped parts on a weekly basis would probably be the best way.  
 
When making OEE sheets for the different plants the best way would probably be to 
make the sheets as individual as possible for the different plants, so that they will fit 
their way of making production reports. That way it would be less of a hassle to fill 
them out. It should still be the same calculation, so that the different plants measure 
OEE the same way.  
 
It should be possible to come up with theoretically calculated cycle times based on 
pouring times and time for core inserts in for example casting operations. Pouring 
times would not be such a hard thing to calculate based on how many cavities there 
are in the mold and the volume of the parts. The pouring times would already have 
to been calculated too, for the pouring operation not to pour to less or too much. The 
ideal cycle time then could be the ideal cycle of the mold maker plus the excessive 
time it would take to insert cores and pour the iron. 
 
Otherwise the ideal cycle time should be the time the machines are set up to cycle. 
On Die cast machines the cycle time is important for getting a good casting, 
therefore they already have the ideal cycle time on their instruction sheets. That 
cycle time should be a good time to use. This would capture all the speed losses that 
would come from e.g. the operator not starting the machine right after the previous 
cycle are made as they have to do on Die cast machines where castings are manually 
grabbed in the machines.  
 
On secondary operations a takt time could be calculated and used for every different 
operation. That would mean that the performance rate easily could exceed over 
100%. Having a cap at the performance rate at 100% could prevent that. The 
problem that occurs is that using the takt time wont be a constant value. It will 
change every month depending on the customer demands. That would mean that it 
would be hard to compare the OEE from month to month. 
 
One other way would be to do time studies on all machines and determine the ideal 
cycle time that way. Looking at the specifications of the machine does not seem to 
be such a good idea, since different jobs requires different cycle times. 
 
Another way would to go back e.g. a year and look at what cycle times the different 
jobs where running at and chose the lowest cycle time from that.  
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5.2.3 Volume Weighted Cycle Time 
 
On machines where more than one job number is made during the day a volume 
weighted ideal cycle time has to be calculated. That is because a straight average 
would not take into account for how long that job number was run. A volume 
weighted average (Honda 2000) looks at how long it should take to make the pieces 
that was produced and is then divided by the total number of pieces produced. See 
table 8. 
 
 

Table 8 Way to determine the “Ideal Cycle Time” in cases of multiple 
parts with various cycle times 

 
Part (a) Cycle Time (sec) (b) Actual Pieces Run Total Seconds (a*b)
A 23 32643 750789 
B 42 9129 383418 
C 51 10111 515661 
D 29 48487 1406123 
E 36 12496 449856 
 Total 112866 3505847 

 
Correct Method 
Volume Weighted average = Total Seconds / Total Pieces Run = 3505847 / 112866 
= 31.1 sec. 
 
Incorrect Method 
Straight Cycle Time Average = (23+42+51+29+36)/5 = 36.2 sec. 
 
 

5.3 Setup time 

Setup time is always a big argument point when it comes to OEE. Some people want 
to have it included in the calculation while some people want it excluded. The 
reason why it could be excluded would be that it is a planned event, necessary for 
making different products. The reason why it could be included would be that it is 
usually a major downtime loss that would be good to lower. When trying to compare 
different machines with OEE the setup time could be very misleading though, since 
one machine could have a changeover time at 5 minutes while another machine have 
a changeover time of 3 hours. This would make a comparison impossible. For OEE 
it probably would be best to include unplanned setup time, i.e. if for some reason the 
machine has to make an unplanned changeover due to some reason that setup time 
would be included. If the setup took longer than planned the excessive time would 
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also be unplanned downtime and should be included in the OEE. Having the planned 
time for setup included in the OEE sheet could easily show this unplanned 
downtime. See table 9. 
 

Table 9 Availability including planned setup time 
 
A. Available Work Time      480 min. 
B. Planned Time per Setup      20 min. 
C. Unscheduled Time       30 min. 
D. Setup Time        70 min. 
E. Number of Setups       2 
F. Loading Time (A-C- (B*E))=480-30-(2*20)=   410 min. 
G. Unplanned Downtime      30 min. 
H. Actual Operating Time (F-G- (D-B*E)=410-30-(70-20*2)= 350 min. 
I. Availability (H/F)=350/410=     85.4% 
       

 
This would clearly show the availability based on the planned operating time. For 
the same data with the setup time included and excluded, see table 10 and 11 below. 
 
 

Table 10 Availability with the setup time included in the calculation 
 
A. Available Work Time      480 min. 
B. Unscheduled Time       30 min. 
C. Loading Time (A-B)=480-30=     450 min. 
D. Setup Time        70 min. 
E. Unplanned Downtime      30 min. 
F. Actual Operating Time (C-D-E)=450-70-30=   350 min. 
G. Availability (F/C)=350/450=     77.8%  
 
 
Table 11 Availability with the setup time excluded in the calculation 
 
A. Available Work Time      480 min. 
B. Unscheduled Time       30 min. 
C. Setup Time        70 min. 
D. Loading Time (A-B-C)=480-30-70=    380 min. 
E. Unplanned Downtime      30 min. 
F. Actual Operating Time (D-E)=380-30=    350 min. 
G. Availability (F/C)=350/380=     92.1%  

 
 
Comparing examples 9, 10 and 11 shows that the availability rate goes from 77.8% 
to 92.1% depending on how the setup time is calculated in the formulas. Example 9 
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when considering the planned setup time would be the most accurate way, but it also 
would be the most time consuming way of doing it. The person filling out the OEE 
sheet has to know what the planned time for each setup was.  
 
The way Ford Motor Company (2001) and Honda (2000) are dealing with this is to 
include setup time in unplanned downtime as in example 10. 
 
 

5.4 Availability rate 

Honda (2000) and Ford’s (2001) approach to the availability rate and downtimes are 
to include all downtime during the day, e.g. breakdowns, setups, adjustments, etc, 
and only use paid lunch and breaks for planned downtime not included in the OEE 
calculation. It is a good way because it really makes it simple to use, easier for all 
the plants to fill out the sheets the same way. See Appendix 4 for Honda and Ford’s 
OEE calculations. 
 
Planned Idle Time should also be excluded from the loading time. This is normally 
planned time not scheduled for production. This would include scheduled 
maintenance downtime (preventive maintenance and shutdowns planned at least a 
week in advance), scheduled meetings, experiment time (if the product is not going 
to be sold), planned training (if no product is made), non working time such as 
holidays, Sundays, and weekends; “no product scheduled”, including unplanned 
time for completing orders early due to good performance (otherwise the plant could 
produce more to drive up the OEE and that would mean overproduction, the worst 
kind of waste as said before). 
 
It is important to have different downtime codes so that it really is shown why the 
machine is down during the day. This is important because the main reason for 
measuring OEE is for reducing lost time in production. If it really shows why the 
machine is down it is much easier to take action on those reasons.   
 
 

5.5 Plant OEE (Overall Plant Effectiveness – OPE) 

To get a good OEE measure for an entire plant there are several way to do that. One 
way would be to calculate a straight average of all OEE factors and calculate a plant 
OEE based on that. That would not give an accurate number though, since the 
different machines could have been running for very different times. Let us say that 
one machine was planned to run for 8 hours and got an OEE of 50%, based on 
availability of 70%, performance efficiency of 80% and quality rate of 90%. Another 
machine was planned to run for 4 hours and got an OEE of 90% based on 
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availability of 95%, performance efficiency of 96% and quality rate of 99%. A 
straight average calculation on those two machines would look like table 12 below. 
 
 

Table 12 Plant OEE calculation based on a straight average 
calculation 
 
 Process 1 Process 2 Straight Average Plant OEE 
Availability 70% 95% (70+95)/2=82.5% 
Performance 80% 96% (80+96)/2=88% 
Quality Rate 90% 99% (90+99)=94.5% 
OEE 50% 90% 0.825*0.88*0.945=68.6% 

 
 
As seen in table 12 there is no time perspective at all in that OEE calculation, which 
would be misleading since one of the machines were planned to run for double 
amount of time as the other machine. 
 
To get the time aspect into the calculation the two machines can be weighted 
together with the planned operation time. A weighted calculation for the availability 
would take the first machines availability rate and multiply it with its planned 
operating time. Then it would do the same thing with the second machine and the 
third, etc. Finally it would add all those together and divide it by the total planned 
operation time. The same method would apply for the performance efficiency and 
for the quality rate. The three factors would then be multiplied together to get the 
plant OEE rate. See table 13. 
 
 

Table 13 Plant OEE calculation weighted by planned operation time 
 
 (A) Process 

1 Planned 
Operating 
Time (h) 

(B) Process 
2 Planned 
Operating 
Time (h) 

(C) 
Process 
1 

(D) 
Process 
2 

Planned Operation 
Time Weighted 
Plant OEE 
(A*C+B*D)/ 
(A+B) 

Availability 8 4 70% 95% (0.7*8+0.95*4)/(8
+4)=78.3% 

Performance 8 4 80% 96% (0.8*8+0.96*4)/(8
+4)=85.3% 

Quality Rate 8 4 90% 99% (0.9*8+0.99*4)/(8
+4)=93.0% 

OEE   50% 90% 0.783*0.853*0.930
=62.1% 
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As seen in this example the three factors of the OEE calculation will be weighted 
against how much each machine/process was intended used. This way the overall 
plant OEE will be more accurate according to how the plant is scheduling their 
equipment. Another example that clearly will show this can be seen in table 14. 
There process 1 will have 8 planned operating hours and process 2 will only have 1. 
 
 

Table 14 Plant OEE calculation weighted by planned operating time 
 
 (A) Process 

1 Planned 
Operating 
Time (h) 

(B) 
Process 2 
Planned 
Operating 
Time (h) 

(C) 
Process 
1 

(D) 
Process 
2 

Planned Operation 
Time Weighted Plant 
OEE 
(A*C+B*D)/(A+B) 

Availability 8 1 70% 95% (0.7*8+0.95*1)/(8+1)
=72.8% 

Performance 8 1 80% 96% (0.8*8+0.96*1)/(8+1)
=81.8% 

Quality Rate 8 1 90% 99% (0.9*8+0.99*1)/(8+1)
=91.0% 

OEE   50% 90% 0.728*0.818*0.910 
=54.2% 

 
As seen in the last example the plant OEE became 54.2% versus the plant OEE 
calculated as a straight average that was 68.6%. Of course the overall effectiveness 
of the plant will be somewhere around 50% when it almost ran it at 50% during the 
whole shift.  
 
Another way to determine the plant OEE could be to use the total uptime, downtime, 
good pieces and scrap rates for the entire plant and calculate the plant OEE based on 
that.  
 
A third way would be to collect all data such as all uptime, downtime, pieces 
produced, and scrap rates, for the entire plant and calculate the OEE based on that.  
 
The thing that would happen if that would be done is that parts that go from one 
machine to another would be counted more than one time. The conclusion to this is 
that the quality rate or the first time through has to be calculated separately from the 
availability and the performance rate.  
 
For different operations were the parts not are connected to each other, i.e. die cast 
machines, a quality rate of, Total good pieces / Total pieces produced should be 
used. When adding all different operations together, i.e. casting and machining, a 
weighted average could be calculated.  
 
The way First Time Through (FTT) could be calculated for the entire plant is by 
multiplying all the separate processes together (Ford 2001). See example 2. 
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Example 2 First Time Through, FTT 
 
One plant has two processes. The first is to cast the parts; the second is 
machining the parts. The FTT for the casting process is 80%. The FTT for 
the machining is 87.5%. Then the overall FTT would be: 0.8 * 0.875 = 0.7 = 
70%. The same FTT would come out if instead the parts were looked upon. 
If in the casting process 100 parts were made and 80 of them were good (80 / 
100 = 80%) and shipped over to the machining were another 10 were 
scrapped, i.e. 70 good parts (70 / 80 = 87.5%). Then the FTT would be: 70 / 
100 = 70%.  

 
 

5.6 OEE for lines or cellular operations 

A line or a cell with many operations has to be looked at as one unit. Ideally all 
machines should run at the same rate to get a balanced one-piece flow through the 
line. Usually that is not the case though. Usually one piece of equipment is slower 
than the other equipments making it the bottleneck of the line/cell. Let us say the 
line consist of two machines. The first machine has an ideal cycle time of 60 seconds 
and the second machine has an ideal cycle time of 30 seconds. If that is the case 
ideally the bottleneck would run with an OEE of 100% but the faster machine could 
then only run at 50% OEE, because it had to wait for pieces to be completed by the 
previous machine. 
 
If they both were measured and an average was made for the line the OEE would be 
75%. If the line is looked at as one piece of equipment and is only measured on the 
bottleneck then the line OEE would be 100%. If on the other hand the ideal cycle 
time of the fastest machine was used and the measurement still was made on the 
bottleneck the line OEE would be 50%.  
 
To really expose the bottleneck in the line the best way would then be to measure the 
OEE on the bottleneck using the ideal cycle time of the fastest machine. When 
improvements have been made there could be a different machine that is the 
bottleneck and then the measurement should be made on that machine instead. That 
way the bottleneck always will be in focus for improvement.  
 
The other way would be to use the ideal cycle time of the bottleneck when 
measuring the line OEE. That would show more accurately how the line is 
performing based on what it is capable of performing. If data is collected correctly at 
the bottleneck it should show if the machine is spending much time waiting for 
pieces or waiting to send pieces. If it spends a lot of time waiting for pieces some 
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machines upstream is the current bottleneck. Then focus has to be to fixing that 
problem. If the machine spends a lot of time waiting to send pieces the current 
bottleneck would be somewhere downstream. Then focus has to be there for 
improvements.  
 
 

5.7 Alternative OEE calculation 

OEE does not say anything of where the machine loses most money by losing time. 
In an alternative OEE calculation the cost of losing time could be weighted into the 
number, see example 3. 
 
 

Example 3 Alternative OEE calculation 
 
Let us say one unit of availability loss costs x dollars, one unit of 
performance loss cost y dollars and one unit of quality loss cost z dollars. 
The OEE for day one was calculated to be 80% availability, 90% 
performance efficiency and 95% quality rate. OEE would then be 
0.8*0.9*0.95=68.4%. For day two the OEE was 68.6% with the factors: 70% 
availability, 99% performance efficiency and 99% quality rate. Theoretically 
the equipment lost the same amount of time during the two days. In real life 
it could be a difference in how much it would cost to lose time in the 
different categories. Let us say that that one unit of availability loss costs the 
company $20, one unit of performance efficiency loss costs $5 and one unit 
of quality loss costs $10.  

 
The three numbers can now be weighted into the OEE factors to get an OEE 
number based on the cost of the factor losses. In this example this could look 
like this: 
 
There are two ways of weighting in the money figures; using the lowest cost 
as a base or using the highest cost as base. Lets look at the differences. 
 
Day one:  
 
Availability: 80% 
Performance efficiency: 90% 
Quality rate: 99% 
OEE: 68.4% 
 
The money-weighted calculation with the highest cost as base looks like this: 
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Availability loss: 1-(1-0.8)(1) = 0.8 
Performance efficiency loss: 1-(1-0.9)(0.25) = 0.975 
Quality loss: 1-(1-0.99)(0.5) = 0.995 
Money based OEE: 0.8 * 0.975 * 0.995 = 77.6% 
Day two: 
 
Availability: 70% 
Performance efficiency: 99% 
Quality rate: 99% 
OEE: 68.6% 
 
The money-weighted calculation with the highest cost as base looks like this: 
 
Availability loss: 1-(1-0.7)(1) = 0.7 
Performance efficiency loss: 1-(1-0.99)(0.25) = 0.9975 
Quality loss: 1-(1-0.99)(0.5) = 0.995 
Money based OEE: 0.7 * 0.9975 * 0.995 = 69.5% 
 
When using the lowest cost as a base the number will be even more different. 
 
Day one:  
 
Availability: 80% 
Performance efficiency: 90% 
Quality rate: 99% 
OEE: 68.4% 
 
The money-weighted calculation with the lowest cost as base looks like this: 
 
Availability loss: 1-(1-0.8)(4) = 0.2          
Performance efficiency loss: 1-(1-0.9)(1) = 0.9 
Quality loss: 1-(1-0.99)(2) = 0.98 
Money based OEE: 0.2 * 0.9 * 0.98 = 17.6% 
 
Day two: 
 
Availability: 70% 
Performance efficiency: 99% 
Quality rate: 99% 
OEE: 68.6% 
 
The money-weighted calculation with the lowest cost as base looks like this: 
 
Availability loss: 1-(1-0.7)(4) = -0.2    1-(.7*20/35) = 
0.6 
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Performance efficiency loss: 1-(1-0.99)(1) = 0.99  1-(.99*5/35) = 
0.86 
Quality loss: 1-(1-0.99)(2) = 0.98    1-(.99*10/35) = 
0.72 
Money based OEE: 0.2 * 0.9 * 0.98 = 17.6% 

 
 
This would not be a true OEE number in time loss per say but it could still be a good 
number to have along side the original OEE number for showing directly what 
equipment hurts the company the most money wise when not running properly. 
 
 

5.8 VSM 

While making the walkthroughs during my short visits, I was very kindly supported 
by the management as well as the operators of each of the plants. I had no problems 
to agree with the locals on how to perceive the current state. However, the future 
state maps I suggested were not really commented and I do not know to what extent 
the ideas have been implemented. 
 

5.8.1 New River 
 
As was shown in the result presentation, the changes made at N R were mainly in 
the changeover from push to pull systems like Kanban. To be able to achieve the 
improvements of this a number of processes had to be improved along the way. For 
example the availability and reliability of certain machines had to be improved and 
some redesign had to be implemented to realize the necessary shorter set up times. 
 
The VSM showed to be a very useful tool for realizing these needs. 
 

5.8.2 Archer Creek 
 
The main reason for the possible drastic reduction of the lead time from 26 days 
down to 9 was mainly thanks to a reduction of the steel scrap inventory. A reduction 
from 18 days to 5 was considered as fully realistic and in fact rail cars with steel 
“were found” in the yard, without really being used. Daily deliveries still supplied 
the needs without using any FIFO principle. 
 
Also the proposed change of scheduling system, from one centralized detailed 
scheduling to a Kanban upstream scheduling was considered as fully realistic. To 
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make this work they probably have to invest in a new shot blasting machine, 
otherwise the instant capacity for blasting will not match the needs. 
 

5.8.3 Jackson 
 
The foundry in Jackson is a comparably new foundry where the current layout 
already is made with the VSM tool as part of the process. 
 
The reduction of lead time here was mainly found in the aluminum inventory, but 
the reason for the relatively big volume of ingots was the fact that the supply chain 
was relatively new and not yet proven. As a security measure the inventory was 
decided to be kept high, until the suppliers had proven their reliability. 
 

5.8.4 Racine 
 
The VSM work done in this foundry is also well presented in the appendix, as for 
the others, and there is a future state map for as well one as two die cavities for a 
specific tooling. The possible time saving corresponds to the saving of one shift per 
week. 
 

5.8.5 Columbus 
 
This foundry already had made a number of future state maps, probably the foundry 
in INTERMET that has used this tool most extensively. Still some improvements 
were possible to find in the value chain of one product. Combining to inspection 
cells to one offered direct savings. 
 
VSM was a well accepted tool in this plant and the use of Lean Production tools is 
heavily supported all the way from top management. 
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6 Conclusions and Recommendations 
 
This chapter will cover the conclusions and recommendations made to INTERMET 
for both OEE and VSM.  
 

6.1 OEE 

The OEE number is a very good key for the plants to see how their machines are 
doing. The plant will immediately see if the machines are doing better or worse. For 
the corporation to use the OEE number, as a way to compare the different plants, is 
not that good, if they just look at the OEE number and compare this between plants. 
A better way would then be to compare the OEE trends which would be a much 
more fair number to compare. As it is today, the plants have a feeling that the OEE 
just is for INTERMET to compare them. The recommendation to INTERMET 
would be to continue with the OEE, but to make sure that the plants do not think that 
it is a way of comparing them, but to improve their machines. If everyone agrees 
that OEE is a good tool for continuous improvement, then the problems with for 
example misleading cycle times probably would disappear. 
 
To obtain a better correlation between the plants, the standard INTERMET 
definition of OEE should be implemented everywhere. This is a good definition, 
well adapted to the foundries in the company, and adopting this would remove the 
internal discussions on “how and why” and all plants would know that they are 
compared equally. 
 
If necessary corporate technicians should support the implementation, this would 
also bring more knowledge in Troy about the processes in the local plants. This 
would also help internal understanding and reduce suspicions between the plants and 
the Headquarters. 
 
 

6.2 VSM 

VSM is a very good tool to use regularly at the plants. It really highlights where in 
the process the most improvements can be made. OEE should also be a part of the 
VSM as to really show how the process is improving. It is important not just to do 
the VSM, the future state map has to be implemented as long as possible as well. A 
common mistake that probably is made is to have a “Lean event”, making maps and 
other things at the plants for a couple of days. Then to forget about it and continue 
the way it was before, not looking for improvements of the process according to the 
maps drawn. It is also a good thing to be a couple of people drawing the maps so 
that they can really discuss the process and look at it from different angels to find 

52 



 

different ways of improvement. A good way could be to have a team at the corporate 
that would go to the plant on a monthly basis and look at the maps and make new 
future state maps and overlook the improvements the plants are making. 
 
The method for VSM, presented in this thesis is well defined and adopted for use in 
foundries. There is no real problem for any of the plants to start implementing it and 
get results. 
 
In some of the plants the use of VSM is more implemented than in others. This is 
thanks to better understanding and deeper involvement by the local management. 
This is necessary to engage the people and make them believe in and trust this new 
method of increasing the efficiency. 
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Appendix 1. VSM Icon list               (1/1) 

 
Picture from Rother and Shook (2003).

 



 

Appendix 2. VSM Loop               (1/1) 

 
Picture from Rother and Shook (2003).

 



 

Appendix 3. New River Production Report             (1/9) 

 

 



 

Appendix 3. New River Production Report             (2/9) 

 
 
 
 

 



 

Appendix 3. New River Production Report             (3/9) 

 
 
 
 
 
 
 
 
 

 



 

Appendix 3. New River Production Report             (4/9) 

 
 
 
 
 
 
 

 



 

Appendix 3. New River Production Report             (5/9) 

 
 
 
 

 



 

Appendix 3. New River Production Report             (6/9) 
 

 
 
 
 
 
 
 
 
 
 

 



 

Appendix 3. New River Production Report             (7/9) 

 

 



 

Appendix 3. New River Production Report             (8/9) 

 

 



 

Appendix 3. New River Production Report             (9/9) 
 

 

 



 

Appendix 4. Ford and Honda OEE examples             (1/4) 

 
Picture from Ford Motor Company (2001). 

 



 

Appendix 4. Ford and Honda OEE examples             (2/4) 

 
Picture from Honda (2000). 

 



 

Appendix 4. Ford and Honda OEE examples             (3/4) 

 

 



 

Appendix 4. Ford and Honda OEE examples             (4/4) 

 
Picture from Honda (2000).

 



 

Appendix 5. New River VSM Walkthrough             (1/2) 
 

1. What is the takt time, based on the available working time in the process 
closest to the customer?  

 
The takt time was calculated by taking the available time and divide it 
with the customer demand.  
 
Takt time = 1920 min/week * 60 s / 51830 pcs/week = 2.2 sec/pc. 
 
This takt time was made from the available time of the molding line. As 
seen the cycle time per piece is very close to the takt time but still 0.2 
seconds off. This will probably make them run this job longer than the 
1920 minutes per week that was available.  
 

2. Will you build to a finished goods supermarket from which the customer 
pulls, or directly to shipping? 

 
The decision was made to build to a finished goods supermarket from 
which then the customer pulls. This supermarket will hold a maximum of 
3.5 days worth of castings.  

 
3. Where can you use continuous flow processing? 

 
They decided that they could use continuous flow for the core, mold, 
knockout and blast operations. 
 

4. Where will you need to use supermarket pull system in order to control 
production of upstream processes? 

 
A supermarket needs to be used before the shipping department where 
the customers pull pieces. When the shipping department pulls pieces 
from the supermarket a kanban card will be sent over to the molding line 
telling it to produce more castings. Also a copy of the schedule will be 
sent over to the melting department making sure they melt enough iron 
for the pieces needed. It also will be supermarkets for the metal, sand and 
alloys needed. The molding line will pull iron at the pressure pour 
supermarket, which holds 10 tons of iron (30 min). A light will then go 
on letting the treatment and delivery people know they need to deliver 
more iron. When they pull iron from the holding furnace the charging 
and melting people have to make sure the holders not run out of iron by 
looking at the level of iron visually. 

 



 

Appendix 5. New River VSM Walkthrough             (2/2) 
 

 
5. At what single point in the production chain (the “pacemaker process”) 

will you schedule production? 
 

Since there will be a supermarket at the shipping department the 
scheduling has to be made here. This is because there cannot be any 
supermarkets or safety stock after the scheduling point. When scheduling 
the shipping department they will pull baskets from the supermarket and 
then there will be sent a kanban card upstream to the molding line 
triggering production there. 
 

6. What process improvements will be necessary for the value stream to 
flow as your future state design specifies? 

 
It was determent that the knockout efficiency, core flow feasibility, core 
changeover time, blast reliability, mold reliability, serf changeover time, 
serf reliability had to be improved to get the desired flow in the future 
state design. Also a basket FIFO system had to be made before the serf 
process. 

 
 

 



 

Appendix 6. Archer Creek VSM Walkthrough            (1/2) 
 

1. What is the takt time? 
 

The takt time was calculated to 36 seconds. The available time is 24 hours 
per day and the customer demand is 2400 parts per day. 

 
2. Will you build to a finished goods supermarket from which the customer 

pulls, or directly to shipping? 
 

The decision was to build to a finished goods supermarket from which the 
customer pulls. Today Archer Creek has a 6 day inventory of finished goods 
but that could be lowered to 3 days at the finished goods supermarket. 

 
3. Where can you use continuous flow processing? 

 
Continuous flow can not be used anywhere since the gods have to cool of 
between processes etc. There will be FIFO lines between processes instead. 

4. Where will you need to use supermarket pull system in order to control 
production of upstream processes? 
 
There will need to be a supermarket pull system between the scale and the 
shipping department where customers will pull and trigger the press/grind 
cell to produce. 
 
There also need to be a supermarket pull system between the blast machines 
and the press/grind cells. When the forklift pulls containers from the blast 
supermarket it will trigger production at the molding line. 
 

5. At what single point in the production chain (the “pacemaker process”) will 
you schedule production? 
 
Since there will be a supermarket at the shipping department the scheduling 
has to be made here. This is because there cannot be any supermarkets or 
safety stock after the scheduling point. When scheduling the shipping 
department they will pull baskets from the supermarket and then there will be 
sent a kanban card upstream to the press/grind cell triggering production 
there. 

 
6. What process improvements will be necessary for the value stream to flow as 

your future state design specifies? 
 

The blast efficiency or perhaps an extra blast machine would eliminate the 
inventory build after before the blast operation. Also the steel inventory has  
 

 



 

Appendix 6. Archer Creek VSM Walkthrough            (2/2) 
 

 
to be looked at. When this map was drawn, an 18 days inventory of steel was 
at the foundry yard. That could be lowered to perhaps 5 days. 

 



 

Appendix 7. Jackson VSM Walkthrough             (1/1) 
 

1. What is the takt time, based on the available working time in the process 
closest to the customer?  

 
The takt time was calculated to 270 seconds. The available time is 24 
hours per day and the customer demand is 4800 left castings and 4800 
right castings per day. 
 

2. Will you build to a finished goods supermarket from which the customer 
pulls, or directly to shipping? 

 
The decision was made to build a FIFO line to the heat treat facility. The 
line will hold a maximum of 9600 castings. 

 
3. Where can you use continuous flow processing? 

 
Continuous flow is used all through the process.  

 
4. Where will you need to use supermarket pull system in order to control 

production of upstream processes? 
 

A supermarket pull system is used for the aluminum before the melting 
and for the holders after the melting. 
 

5. At what single point in the production chain (the “pacemaker process”) 
will you schedule production? 

 
The scheduling will be at the two PCP casting machines. 
 

6. What process improvements will be necessary for the value stream to 
flow as your future state design specifies? 

 
The scrap from the process has to be lowered. Also the cycle time at the 
casting machines has to be lowered. A robot to transfer the castings from 
the X-Ray to the saw operation would be good. This will reduce the 
number of people at the cell from approximately 7 to approximately 4. 

 
 

 



 

Appendix 8. Racine Plant VSM Walkthrough            (1/1) 
 

1. What is the takt time, based on the available working time in the process 
closest to the customer?  

 
The takt time was calculated to 57.6 seconds for the one cavity die and to 
86.4 seconds for the two cavity die. 
 

2. Will you build to a finished goods supermarket from which the customer 
pulls, or directly to shipping? 

 
The decision was made to build a FIFO line to the Racine Machining 
Plant where the castings are machined. 

 
3. Where can you use continuous flow processing? 

 
Continuous flow is used all through the process.  

 
4. Where will you need to use supermarket pull system in order to control 

production of upstream processes? 
 

A supermarket pull system is used for the aluminum before the melting 
and for the holders after the melting. 
 

5. At what single point in the production chain (the “pacemaker process”) 
will you schedule production? 

 
The scheduling will be at the shipping department. 
 

6. What process improvements will be necessary for the value stream to 
flow as your future state design specifies? 

 
The rework has to be eliminated. This will be done either by fixing the 
current die or buying a new die for a bigger machine. Also the OEE has 
to become higher. Currently the OEE is around 54% and that has to rise 
to around 70%. 

 



 

Appendix 9. Columbus Foundry VSM Walkthrough            (1/1) 
 

1. What is the takt time, based on the available working time in the process 
closest to the customer?  

 
The takt time was calculated 5.79 seconds which is 622 pcs/hr 
 
Needed production time to meet customer demand: 
Molding 18 hr/day 
Work Cell 16 hr/day 
 

2. Will you build to a finished goods supermarket from which the customer 
pulls, or directly to shipping? 

 
Columbus will build to a finished goods supermarket. 

 
3. Where can you use continuous flow processing? 

 
Continuous flow will be used between the audit and final inspection.  

 
4. Where will you need to use supermarket pull system in order to control 

production of upstream processes? 
 

A supermarket pull system is used between the shot blast and the work 
cell and after the scale to the shipping department. 
 

5. At what single point in the production chain (the “pacemaker process”) 
will you schedule production? 

 
The scheduling will be at the shipping department. 
 

6. What process improvements will be necessary for the value stream to 
flow as your future state design specifies? 

 
The introduction of a kanban system and to combine the audit and final 
inspection. 

 



 

Appendix 10. New River VSM Current and Future State Map          (1/2) 

 

 



 

Appendix 10. New River VSM Current and Future State Map          (2/2) 

 

 



 

Appendix 11. Archer Creek VSM Current and Future State Map          (1/2) 

 

 



 

Appendix 11. Archer Creek VSM Current and Future State Map          (2/2) 

 

 



 

Appendix 12. Jackson VSM Current and Future State Map           (1/2) 

 

 



 

Appendix 12. Jackson VSM Current and Future State Map           (2/2) 

 

 



 

Appendix 13. Racine Plant VSM Current and Future State Map          (1/3) 

 



 

 

 



 

Appendix 13. Racine Plant VSM Current and Future State Map          (2/3) 

 

 



 

Appendix 13. Racine Plant VSM Current and Future State Map          (3/3) 

 

 



 

Appendix 14. Columbus VSM Current and Future State Map          (1/5) 

 

 



 

Appendix 14. Columbus VSM Current and Future State Map          (2/5) 

 

 



 

Appendix 14. Columbus VSM Current and Future State Map          (3/5) 

 

 



 

Appendix 14. Columbus VSM Current and Future State Map          (4/5) 

 

 



 

Appendix 14. Columbus VSM Current and Future State Map          (5/5) 

 

 



 

Appendix 15. Racine Plant 1 cav. vs. 2 cav. calculation           (1/1) 

 

 



 

Appendix 16. INTERMET Corporation OEE Tracking Sheet Instructions         (1/1) 
 

 

 


	Plant Efficiency 
	a 
	Value Stream Mapping and Overall Equipment Effectiveness study 
	at 
	INTERMET Corporation 
	 
	 
	1 Introduction 
	1.1 Definition of project 
	1.2 Purpose and goal 
	1.3 Presentation of the company 
	2 Method 
	 3 Theories 
	3.1 History of Value Stream Mapping 
	3.1.1 Value Stream Mapping 
	3.1.2 Implementing the Future State 

	 3.2 Overall Equipment Effectiveness 
	3.2.1 OEE and the 6 Big Losses 
	 
	 3.2.2 Availability 
	3.2.3 Performance Efficiency 
	3.2.4 Quality Rate 
	3.2.5 Time losses in OEE 

	 
	3.3 Different methods of calculating OEE 
	3.3.1 Nakajima’s OEE formula 
	3.3.2 Product based OEE calculation 
	 3.3.3 INTERMET OEE 


	 4 Results 
	4.1 Description of how INTERMET calculates OEE today 
	4.1.1 Corporate 
	 4.1.2 Hannibal Plant 
	4.1.3 Monroe City Plant 
	4.1.4 Palmyra Plant 
	4.1.5 Decatur Plant 
	4.1.6 Racine Machining 
	4.1.7 Racine Plant 
	4.1.8 New River Foundry 
	4.1.9 Archer Creek Foundry 
	4.1.10 Jackson Plant 
	4.1.11 Columbus Foundry 

	 4.2 Value Stream Mapping 
	4.2.1 New River 
	 4.2.2 Archer Creek 
	 
	4.2.3 Jackson 
	4.2.4 Racine 
	4.2.5 Columbus 


	 5 Discussion 
	5.1 Advantages and disadvantages of OEE 
	5.1.1 Disadvantages with using OEE on a pacemaker controlled process 
	5.1.2 Performance rate 
	5.1.3 Availability 
	5.1.4 Quality 
	5.1.5 Multiplying the measurements 
	5.1.6 What does OEE not show?  
	5.1.7 Utilization 
	5.1.8 First Time Through (FTT) 

	5.2 Cycle Times 
	5.2.1 Performance Rate 
	5.2.2 Quoted Cycle Time 
	 5.2.3 Volume Weighted Cycle Time 

	5.3 Setup time 
	5.4 Availability rate 
	5.5 Plant OEE (Overall Plant Effectiveness – OPE) 
	5.6 OEE for lines or cellular operations 
	5.7 Alternative OEE calculation 
	5.8 VSM 
	5.8.1 New River 
	5.8.2 Archer Creek 
	5.8.3 Jackson 
	5.8.4 Racine 
	5.8.5 Columbus 


	 
	 6 Conclusions and Recommendations 
	 
	6.1 OEE 
	6.2 VSM 





