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Abstract 
 
Lean manufacturing tools and principles are commonly applied in many different types of 
organizations around the globe. However, it is not that common in less developed countries, 
particularly not in the smaller organizations. In this report, we present a case study where 
lean manufacturing principles have been applied in a small aluminium foundry in India in 
order to improve its production. Tools, methods and principles such as elimination of waste, 
value stream mapping, genchi genbutsu, 5S and implementation of improved product flow 
and takt time has been used to make changes in the process flow, factory layout, equipment 
and labour. After lean manufacturing was implemented and changes were made, the 
aluminium foundry managed to improve its production by approximately 100%. 
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1. Introduction 
 
Lean manufacturing is a set of principles and a way of thinking. It is a philosophy of how to 
manage resources that is commonly used all around the globe in many various fields. Lean 
management was made famous by the car manufacturer Toyota in the early 1990s. In order to 
make lean manufacturing successful, lean thinking should impregnate an entire organization. 
However, as Jeffrey K. Liker describes in The Toyota Way, there is no ultimate solution that 
fits all companies. To make lean manufacturing work in an optimal way for an organization, 
one has to consider the organization's structure and culture among other things [1].  
 
“To understand Toyota's success and their quality improvement system doesn’t automatically 
implicate that you can change companies with different circumstances and different culture. 
Even though all companies must find their own way of learning, The Toyota Way could be a 
great step on the way”.  
 
There are a set of tools which can be used to help companies approach lean manufacturing. 
Some of these tools have been in focus when we tried to make Aras Metal Castings more 
productive. 
 
The main goal was to help the company obtain better operational control, enhance its 
production, make its employees work in a more efficient way and to make it more financially 
efficient. The first step is to identify different kinds of wastes in the production, the so called 
muda [2], and then eliminate it by using different lean manufacturing methods. The problem 
formulation could be summarized into: 
 
● With the use of lean manufacturing tools and principles, how can Aras Metal Castings 

be made more productive? 
 
In this case-study we have been working to solve the problem with a few limitations. We 
chose to work with a few different lean tools such as; elimination of waste, value stream 
mapping, genchi genbutsu, 5S and implementation of improved product flow and takt time. It 
is also important to know that implementing lean manufacturing at a company is a time 
consuming process that does not happen over a night [1].  
 
During our four weeks at the foundry we met with a lean consultant named Pankaj Anand, 
who was hired by Aras Metal Castings. The meetings took place one to two times a week. All 
the work presented in this report were done by us, the authors, but Pankaj helped guiding us. 
At the meetings we discussed the current situation and what the next step would be. 
 
An overview of the factory layout is presented in Appendix A. A short description of all the 
involving production processes is presented in Appendix B. Pictures from both inside and 
outside the factory are presented in Appendix C. 
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2. Method 

2.1 5S 

The 5S is a method to organize the workspace in order to gain efficiency and to bring up 
problems to the surface. It consists of five words that starts with the letter “S” [1]: 
 

- Sort equipment and material on the factory floor. Distinguish what is necessary and 
what’s not. Remove obstacles that slows down the workflow. 

- Set in order everything that is necessary and give tools and material its own 
locations. Place everything so it is easily accessible.  

- Shine. Clean the workspace. 
- Standardize the best practices in a work area. Every process should have a standard 

and everything should be in right place. It is hard to find the balance between giving 
the workers strict procedures to follow and to give the the freedom to be creative. 

- Sustain the previous points. Make regularly audits to make sure processes are done as 
they should and equipment is kept where it should.  

2.2 Value Stream Mapping 

When a Value Stream Map (VSM) is made, one look at the bigger picture of the production 
instead of a specific process. A VSM is a map or structure, of how a chain of processes are 
linked together with people, cycle times, waiting times and changeover times. It is a tool that 
helps to see and understand the flow of material and information as a product makes its way 
through the value stream. The line of action is to follow a product’s production path from the 
beginning to the end, and draw a visual representation of every process of the material and 
informational flow [4]. 

2.3 Eliminating Waste 

One of the main objectives with lean production is to eliminate waste, or as the Japanese say, 
eliminate muda. Muda refers to any kind of process that does not add any value for the 
customer. The goal is to identify which labour that is adding value to the product and which 
labour that is not, and then try to eliminate muda. Womack and Jones defined muda in the 
groundbreaking book Lean Thinking as [2]: 
 
“Specifically any human activity which absorbs resources but creates no value: mistakes 
which require rectification, production of items no one wants so that inventories and 
remaindered goods pile up, processing steps which aren't actually needed, movement of 
employees and transport of goods from one place to another without any purpose, groups of 
people in a downstream activity waiting standing around waiting because an upstream 
activity has not delivered on time, and goods and services which don’t meet the needs of the 
customer” 
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There are eights types of muda in a work area [2]: 
 

1. Overproduction - Producing more than what is needed. 
2. Over processing - Processing a product more than what the customer desires. 
3. Transport - Unnecessary transports on the factory floor.  
4. Waiting - Waiting for something to happen. Could be a result of unsynchronized 

processes and poor product flow.  
5. Motion - Unnecessary movement that workers do. A result of not having equipment 

and material in optimal places.  
6. Inventory - When storing more than necessary. 
7. Defects - All effort in inspecting and fixing defect products. 
8. Creativity - Unused creativity of the workers. 

 
In this case study we have focused mainly on muda in terms of transport, waiting and motion.  

2.4 Genchi genbutsu and data collection 

Literally, genchi means “the real place” and genbutsu means “the actual materials or 
products”. But in lean manufacturing genchi genbutsu indicates that one has to go to the 
actual place, e.g. the factory floor, to thoroughly understand the process and how to identify 
muda. According to interviews done by Liker at Toyota in Japan, genchi genbutsu is what 
distinguishes Toyota's manners of leadership the most, regardless in which department the 
interview was done [1].  
 
“Monitor what’s happening on the factory floor without any preconceived thoughts and with 

an open mind. Ask yourself “why” five times each time you are set in front of a problem”  
 

- Taiichi Ohno 

2.5 Improved product flow and takt time 

This is a method of standardizing the product flow and to make it more continuous. The flow 
corresponds to a calculated takt time. By achieving a standardized flow in the production, the 
company will reduce fluctuations in productivity and costs. An improved product flow will 
also drastically reduce the lead time and the work in progress (WIP) [3]. 
 
Implementing takt time means that the company is working to produce with regards to the 
demand of the customer. The takt time is calculated with the formula presented below [2]: 
 

𝑇 = #$
%

    (1) 

 
where T = takt time, TA= time available, D = demand expressed in sets per day. 
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3. Original State at AMC 

3.1 Company Background and Process 

Aras Metal Castings (AMC) is a sand casting foundry established in the year of 2007. AMC 
has two units located in the outskirts of Pune, one in Pirangut and one in Bhosari. The first 
unit caters to one of its major customer, M/s. Siemens, for production of power distribution 
castings in aluminium with a capacity of about 40-50 tons every month. 
 
The second unit is set up as a dedicated unit to cater the requirements of AMC’s other 
customer, M/s. Godrej. They have a requirement of 60 to 80 tons of castings every month but 
will gladly accept more if AMC can produce it. This is the unit that we have been working 
with. 
 
The group has a total labour force of more than 200 people with experienced technical staff to 
meet the customer’s requirements. Each unit has an area of about 10,000 square feet. Both 
units are in production 24 hours every day, divided into two 12-hour shifts, six days every 
week. They are closed on Thursdays and the foundry is also reset on this day in terms of 
equipment location and cleaning. 
 
AMC’s second unit produces aluminium castings used in the middle part of large safe sides 
and doors. 95% of the production is of the model 61-ACE and this is the model we have 
based our calculations on. The top and bottom weighs 35 kg each, sides 64 kg, door 70 kg 
and back 100 kg. The sides, back and the door requires one mould each, while the top and 
bottom can be casted in the same mould. This results in that one complete set of castings 
requires five moulds and around 368 kg of aluminium. AMC were producing castings in 
batches of six or more moulds per pouring when we started to work at the company. 
 
The production starts with a specific pattern (e.g. 61-ACE door) that gets placed on the the 
factory floor. A moulding box is placed on top of the pattern and sand is moulded thoroughly 
in the moulding box. The box is now turned around and another moulding box is placed and 
moulded on top of the bottom one (the pattern is now if facing upwards). When moulding this 
box, sprue cups and risers are placed in the mould to create inlets in the mould. When the top 
moulding box is done it is removed and marked. This is done to know which bottom box it 
belongs to. The pattern is also removed from the bottom box. Aluminium oxide nuggets 
(Al2O3), wire mesh, sand cores and styrofoam are then placed where the pattern has made a 
scoop. The nuggets and wire mesh are used for security reasons (harder for burglars to break 
into the safe) and the sand cores and styrofoam is placed to create and get more accurate 
shape of the casting. When this is done, the top moulding box is placed back on top of the 
bottom box and melted aluminium (770 °C) is poured into the inlets. After the aluminium has 
cooled for around 20 minutes, the casting is knocked out of the mould. The last step is to 
fettle, straighten and inspect the casting so it meets the customer's requirements. A short 
presentation of each process is presented in Appendix B. 
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According to the factory manager there was a schedule and a plan for how the work was 
divided and executed. However, there was no actual supervision of how the work was done. 
After we spent time on the shop floor we quickly saw that the working schedule was not 
being followed, even though there were always five supervisors present. 

3.2 Observations 

To get a better understanding of the production at AMC we did a lot of observations on 
foundry’s shop floor. Some of the processes were executed very inefficiently and these are 
presented below with belonging observations. 
 
Placement of pattern: 
This process was done very unstructured. There was no standardized way of how to place the 
patterns and where to start the work with the next mould. 
Placement of mould box on pattern: 
There was no specific place for storing moulding boxes. This lead to big variations in 
transportation time because a crane was needed for the transportation. 
Sprinkle moulding sand: 
The big sprinkler was kept in different places, often far away from the moulding area. A lot 
of time were wasted in locating and getting the sprinkler. 
Mould sand: 
Sand moulding was done by a group of three workers. It was done very unorganized and 
there were no designated working tasks within the team. It is very important that the sand is 
moulded sufficiently and hardness tests were often skipped by the supervisors. Broken 
moulds due to insufficient moulding is one of the main reasons for the dismissal of moulds. 
Sprinkle graphite powder on mould edges: 
This was done using a small bag which is gently pushed on the edges of the mould. The bag 
was dirty and dark and was always stored in different places around the moulding area. This 
resulted in that a lot of time got wasted in trying to find and bring the bag to the mould. 
Removal of top mould box: 
The top box was often placed far away from its bottom part. This resulted in long 
transportation times because the crane was needed for the transportation. 
Removal of pattern: 
The pattern was removed using special removal tools. The tools were stored in different 
places around the moulding area. If the pattern is not removed carefully, there is a risk that 
the mould breaks. 
Repair mould: 
Removal of the pattern is a process that damages the mould regardless of how careful the 
process is being executed. The mould needs to be repaired after the pattern is removed. The 
time required for this process was differing with every mould and there was no guideline on 
how much the moulds should be repaired. Waste in terms of overprocessing was observed. 
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Placement of brackets and flat nuggets: 
The nuggets were stored in the nuggets sorting area. Which was located far away from the 
actual moulding area. See Appendix A. The bracket storage was also very dirty and 
unorganized. Misplaced brackets are one of the most common defects in the final product. 
Placement and cutting of wire mesh: 
Wire mesh was placed in the mould and then cut with respect to where the brackets were 
placed. It was very time consuming and sometimes dislocated the brackets. 
Cutting of styrofoam: 
Styrofoam got often cut after the wire mesh had been placed and cut in the mould. 
Placement of required nuggets: 
Same as for flat nuggets. See nugget sorting area in Appendix A. 
Heating of nuggets and sand cores: 
Heating was done using a twin-burner with a gas tube. The twin-burners and gas tubes are 
heavy and were stored in an inventory room pretty far away from the moulding spot. See 
Appendix A. 
Knock out of aluminium casting: 
It was done very unorganized and in different batch sizes all the time. The knock out was 
done in the moulding area and sometimes knocked out moulds could take up a lot of space 
for up to one hour. 
Transport castings to fettling station: 
Most of the time only one of the two cranes was used. The moulding boxes were transported 
over moulds in progress which prevented moulding from being done. 
Removal of used sand: 
Because of the big batch size, the used moulding sand took up a lot of space at the shop floor. 
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3.3 Current Value Stream Map 

All data, such as cycle times, labour and lead times were measured and collected through 
genchi genbutsu over a period of four weeks. It was very problematic to measure time for the 
different process because the work was so unstandardized. Workers went back and forth 
between tasks instead of focusing on a single task. In figure 1 the original product flow was 
mapped in a current state value stream map. The number of workers (∂) and the cycle times 
has been measured as an average of a number of different time keepings and is presented in 
table 1. Unfortunately, we were not able to measure any change over times and the exact 
value adding time due to that the work was so unstandardized.  
 
 
 

 
Figure 1, Current state VSM 
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Table 1, Time keepings 
 

Process ∂ CT 
[min] 

Process ∂ CT 
[min] 

1. Placement of pattern 1 1:00 20. Transportation and pouring of 
aluminium (for a batch of three) 

7 7:00 

2. Placement of moulding box 1 3:00 21. Cooling - 20:00 

3. Sprinkle moulding sand 2 0:50 22. Removal of top moulding box 1 1:30 

4. Mould sand in bottom moulding box 
(including transportation of sand) 

3 11:15 23. Casting knockout 2 3:55 

5. Turn moulding box around 1 1:05 24. Transportation of castings to 
fettling station (three slabs) 

2 10:05 

6. Sprinkle graphite powder on 
moulding sand 

1 0:30 25. Fill sand muller with moulding 
sand 

2 4:05 

7. Placement of top moulding box 1 3:00 26. Mix sand with water and 
bentonite 

1 3:10 

8. Mould sand in top moulding box 
(including transportation of sand) 

3 10:10 27. Sort nuggets 4 - 

9. Removal of top moulding box 2 1:00 28. Fill sand mixer with silica sand  1 2:55 

10. Removal of pattern 2 1:10 29. Mix silica sand with sodium 
silicate 

1 3:00 

11. Repair mould 1 2:10 30. Mould and gas sand cores with 
CO2 

1 2:05 

12. Placement of brackets and flat 
nuggets 

1 1:40 31. Load Al into 600 kg furnace 2 15:00 

13. Cutting of wire mesh 1 6:15 32. Melt Al in 600 kg furnace - 150:00 

14. Cutting of styrofoam 1 1:30 33. Transportation of Al to holding 
furnace 

3 10:00 

15. Placement of wire mesh, styrofoam 
and sand cores 

1 4:00 34. Heating of Al in holding 
furnace 

- 60:00 

16. Placement of required nuggets 2 7:10 35. Load Al in 300 kg furnace 2 10:00 

17. Heating of nuggets and sand cores 1 3:55 36. Melting of Al in 300 kg 
furnace 

- 180:00 

18. Unite top and bottom moulding 
boxes 

2 1:10 37. Removal of old sand 4 3:45 

19. Connect moulding boxes and 
placement of weights 

2 1:00    
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3.4 Capacity 

AMC has three furnaces. Two melting furnaces which are heated by flames and one electrical 
holding furnace. One of the melting furnaces has the capacity of melting 600 kg of 
aluminium and the other melting furnace has the capacity of melting 300 kg. The 600 kg 
furnace has a melting time of 2.5 hours and is fuelled by biofuel. The 300 kg furnace is 
fuelled by diesel and has a melting time of two hours. Aluminium has a melting point of 660 
°C.  
 
The aluminium needs to at least 770 °C to spread evenly in the mould. If the aluminium is 
heated by flames to 770 °C there is a burning loss of approximately 5%. However, if the 
melted aluminium is transported to, and heated by the electrical holding furnace when it 
reaches 700 °C, the burning loss will instead be 2%. The heating process in the electrical 
holding furnace takes one hour. 
 
The electrical holding furnace has a capacity of 500 kg. Since the holding furnace can hold 
only 500 kg, the factory is only melting 500 kg at a time in the 600 kg furnace. A new batch 
of 500 kg aluminium can be melted in the 600 kg furnace instantly after the former 
aluminium batch has been transferred to the holding furnace. The melting in the two furnaces 
are parallel processes which result in that the total output of the 600 kg furnace and the 
electrical holding furnace is 500 kg every 2.5 hours (apart from the first batch which takes 3.5 
hours). 
 
The 300 kg furnace is heating aluminium directly to 770°C due to lack of holding furnaces. 
AMC is planning to install another holding furnace in the future to reduce the 5% burning 
losses in the 300 kg furnace. 
 
The foundry is active 24 hours per day with the exception of Thursdays and holidays. On 
paper, a set of castings consists of 368 kg aluminium. Due to creation of inlet sprouts and 
pouring spill, we approximate that 400 kg of aluminium is needed to produce one set. This 
comprises for a margin of error of about 9%. This gives a capability of producing the 
following aluminium during 24 hours: 
 

&''	)*
+.&	-

+ /''	)*
/	-

=	300	kg/h	 	 	 (2) 

 
300	𝑘𝑔/ℎ	×	24	ℎ = 7200	𝑘𝑔/𝑑𝑎𝑦   (3) 

 
@+''	)*/ABC
D''	)*/EFG

= 18	𝑠𝑒𝑡𝑠/𝑑𝑎𝑦 = 9	𝑠𝑒𝑡𝑠/𝑠ℎ𝑖𝑓𝑡  (4) 

 
AMC originally produced 8.5 sets of castings per 24 hours on average, which represents 
~47% of the company's total capacity.  
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4. Result 

4.1 Future Value Stream Map 

After the current state value stream map was done, the data was discussed and analysed. We 
developed an updated version, a future state value stream map, which shows how the product 
flow can, and should be done.  
 

 
Figure 2, Future state VSM 

 
In the future state VSM two processes have been changed and moved. Cutting wire mesh 
(process 13) and cutting styrofoam (process 14) have now been made parallel processes 
which results in a shorter lead time and less WIP. The time that each process take can still be 
reduced and suggestions of how to do this is presented in the next subchapter. 

4.2 Suggested Changes in the Processes and Environment 

After a lot of observations, analysis and discussions we compiled suggestions of how to 
improve the factory’s efficiency. A lot of the improvement involves 5S. The goal is that a 
worker should be able to locate equipment and material within the shop floor without having 
to think. This will drastically reduce muda in terms of transport, waiting and motion. The 
suggested improvements are presented on the next page. 
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Placement of pattern: 
Produce in smaller batches. This will liberate space in the moulding area so the patterns can 
be placed more structured, closer to each other. 
Placement of mould box on pattern: 
If the work is done in smaller batches the storage of moulding boxes will also get more 
structured. 
Sprinkle moulding sand: 
Keep the sprinkler close to the moulding area and in the same place all the time. 
Mould sand: 
Two workers in every team should be moulding all the time. The third team member should 
focus on transporting sand to the mould so moulding can be done continuously. The three 
team members can alternate in who is transporting sand, because this is less heavy work than 
doing the moulding. Hardness test should be done on every single mould. The test is simply 
done and the workers should be taught to do this test themselves. They are the ones who does 
the moulding, and they know where the weak spots are. Keep the hardness testing tool close 
to the moulding spot and always in the same place. 
Sprinkle graphite powder on mould edges: 
Keep the powder bag close to the moulding area and in the same place all the time. 
Removal of top mould box: 
The top box should be kept close to its bottom box. This will be more organized if the batch 
size is reduced. 
Removal of pattern: 
The removal equipment can be kept close to the moulding area and always in the same place. 
Graphite powder should be sprinkled on the pattern before the moulding starts to make the 
removal of the pattern easier. 
Repair mould: 
Be more careful with previous processes. Always do hardness test, sprinkle graphite powder 
accurately and remove the pattern carefully. This is a process that requires a lot of time if 
previous processes are done carelessly.  
Placement of brackets and flat nuggets: 
There should be a small storage of brackets and flat nuggets close to the moulding area. 
Brackets should be placed very carefully and workers should be taught to always know when 
a bracket is placed wrong. 
Placement and cutting of wire mesh: 
As presented in the future VSM this can be made into a parallel activity. Ready cut wire mesh 
should be kept near the moulding area. 
Cutting of styrofoam: 
As presented in the future VSM this can be made into a parallel activity. Ready cut styrofoam 
should be kept near the moulding area. 
Placement of required nuggets: 
When the core setting starts the required nuggets should be available near the moulding area. 
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Heating of nuggets and sand cores: 
The twin-burner and belonging gas tubes can be stored closer to the moulding spot. The 
burner is ignited by matches which also should be stored in an own place close to the 
moulding spot to avoid confusion. 
Knock out of aluminium casting: 
This can be done more structured if the moulds are done in smaller batches. The knock out of 
castings from moulds should also be done more continuously. 
Transport castings to fettling station: 
This can be done more structured if the moulds are done in smaller batches. The 
transportation of castings to the fettling station should also be done more continuously. 
Removal of used sand: 
A smaller batch size will liberate shop floor space as there will be less used sand. 
 
The general improvements that could be done in the factory were: 
● Keep the factory cleaner 
● Invest in shelves close to the moulding area to store more commonly used equipment, 

tools and material. The space here is used very inefficiently.  
● Equipment and material such as nuggets, brackets, pre cut wire mesh and styrofoam 

should all have their own place in the factory, close to the moulding area. 
● Install more fans. A lot of workers took breaks because they got hot and tired. 
● Teach the workers to prepare and predict when material is going to be needed for the 

next process.  
● Clean the chimney. A lot of smoke got stuck inside the factory. 
● Every team should get its own set of tools. Sometimes workers waited on each other 

because of lacking of tools. 

4.3 Improvement of Product Flow 

The customer M/s. Godrej will buy more castings if AMC is able to produce more, and 
because of that we based the demand on the capacity of the furnaces. This results in that the 
demand of moulds per shift is the same as the maximum amount of moulds that AMC can 
produce during this time.  
 
Equation (4) converted into moulds per shift: 
 

9	𝑠𝑒𝑡𝑠/𝑠ℎ𝑖𝑓𝑡	×	5	𝑚𝑜𝑢𝑙𝑑𝑠/𝑠𝑒𝑡 = 45	𝑚𝑜𝑢𝑙𝑑𝑠/𝑠ℎ𝑖𝑓𝑡   (5) 
 
Every shift is twelve hours long with one-hour lunch breaks and some shorter tea breaks. We 
estimate the work time in the lower border as 10.5 hours every shift, which is the same as 630 
minutes. This also includes a brief meeting in the start of every shift. As AMC was producing 
big batches of more than six moulds per pouring, we developed a new smaller batch size. The 
new batch size of three was based on the furnace output and the current labour force at the 
foundry.  
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According to equation (1) and the new batch size of working with three moulds parallel, three 
moulds should be ready every: 
 

/	UVWXAE	×	Y/'	UZ[/E-Z\G
D&	UVWXAE/E-Z\G

 = 42 min   (6) 

 
We rounded off the takt time from 42 minutes to 45 minutes. The takt time is a guideline for 
the workers to know at what pace they need to keep up with to complete their tasks. It is 
easier to keep order of 45 minutes than 42 minutes. 40 minutes would not be possible because 
that would exceed the furnace capacity.  
 

Takt time = 45 minutes 
 

Based on the cycle times in the future state VSM and the calculated takt time, we divided the 
process flow into three different process parts: 
 
Part A: Moulding (process 1-11 in figure 2) 
Workers are divided into three different teams. Every team should be working on their own 
with one mould each. The sum of the cycle times for part A is 35 minutes and 10 seconds, 
which fits within the takt time. 
 
Part B: Core setting & Pouring (process 12-20 in figure 2) 
Assigned core setters will work on one mould each with the assistance of designated helpers. 
The helpers should focus on transportation of material so that the nugget placing and core 
setting etc. can be done continuously. The heating of nuggets and sand cores, as well as the 
pouring of aluminium should also be done by these core setters and helpers. The sum of the 
cycle times for part B is 25 minutes and 55 seconds, which fits within the takt time. 
 
Part C: Cooling and Casting knockout (process 21-24 in figure 2) 
There should be two workers concentrating on casting knockout and transportation of the 
castings to the fettling station. The sum of the cycle times for part C is 35 minutes and 30 
seconds, which fits within the takt time. 
 

 
Figure 3, Process flow divided into three parts with a calculated takt time 
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4.4 Implementing Changes 

After four weeks of observations and analysing it was decided to have a production trial. It 
focused on the processes before the fettling, because the bottleneck was found within the 
moulding, core setting and pouring. The foundry decided not to run two shifts per day 
because they wanted to focus on getting the new methods right. 
 
The changes that were made before the production trial was: 
 

- The product flow was completely changed and takt time was implemented. Focus was 
to work in teams with smaller batch sizes. 

- The workers received designated working tasks. 
- Templates for pre cutting wire mesh was made. 
- Cutting wire mesh and styrofoam were made into parallel processes. 
- Storage close to the moulding spot was organized and cleaned. Tools and material got 

its own place closer to where it was used. 
- Aluminium was pre heated before the shift started. 
- New equipment was bought so that every team had its own set of tools. 

 
Production trial one: 
During the trial all three process-parts were done separately with short breaks in between. 
Time and notes was taken for all parts and moulds in progress. The plan was that work should 
be done ideally, meaning that the workers had designated working areas and the material and 
tools should be prepared and close to where the work was done, e.g. wire mesh should always 
be pre cut.  
 
Initially the work went as planned. The first three moulds (part A) were finished after 49 
minutes, close to the takt time of 45 minutes. However, as the work continued, the different 
working teams became unsynchronized. This was mainly some teams were working faster 
than others and continued at their pace. In addition to this some workers had problems with 
adapting to the new working methods and continued to work as they did originally. The final 
production the first day on a 12-hour shift was six sets. The problems we encountered the 
first day were: 
  
● There was also a problem with the furnaces, which caused the batch to be poured 147 

minutes after the work had started at Part A. This was 57 minutes after the planned 
time. 

● There was still a lack of equipment. Twin-burners and ramming tools needed to be 
bought for more parallel work. 

● 5S could be improved even more. A lot of the equipment was not sorted. 
 
After the first trial we decided to learn from the mistakes and have another trial two days 
later. 
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Production trial two: 
New equipment was bought, so that the work could be done more parallel. 5S had been 
improved even more. 500 kg of aluminium were pre heated before the shift to be able to pour 
continuously from the first batch. The work was much more organized at the second trial. 
The workers adapted to the new methods and were able to work in a more synchronized 
manner. However, the work can be improved even more. The production the second day was 
nine sets on a 12-hour shift, which was better than everyone’s expectations. Nine sets on a 
12-hour shift equals to a production of three moulds every 42 minutes, which was even less 
than our suggested takt time. Nine sets on a 12-hour shift is an increase of 109% in 
comparison to the original average production per shift. 
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5. Discussion and Conclusion 
 
After four weeks of work at AMC we were able to achieve good results. The question 
formulation in this case study was the following: 
 
● With the use of lean manufacturing tools and principles, how can Aras Metal Castings 

be made more productive? 
 
Several lean manufacturing principles were used to make AMC more productive. The 
product flow at the foundry was completely changed, reducing the batch size to batches of 
three. New equipment was purchased to the different moulding teams to make it possible to 
work with more moulds parallel at the same time. The workers received designated working 
tasks. The current state VSM was analysed and two processes were made parallel in the 
production flow, which shortened the lead time. A takt time was implemented. Equipment 
and tools were assigned separate locations and the layout was rearranged to some extent in 
order to minimize transportation. 
 
When lean manufacturing was implemented at AMC the production was increased with 
approximately 100%. From a production of an average of 8.5 sets per day to a production of 
9 sets per shift. The production at AMC is however far from perfect and there is still room for 
a lot of improvements. The sum of the cycle times for each part A, B and C are all less than 
the takt time of 45 minutes, which implicates that in theory the takt time can be reduced even 
further. The takt time of 45 minutes is based on the furnace output, which means that the 
furnace output is the current bottleneck of the takt time. The organization of labour at the 
foundry can still be further developed, even though great improvements has been made. 
There is a good possibility of reducing the cycle times of A, B and C even more. The 
principles of 5S is a continuous work with a striving for a more structured working place and 
can always be improved even more. 
 
Lean manufacturing is a continuous and time consuming process that will not be 
implemented over one night. It is a philosophy of working towards perfection and there will 
always be room for making the production even more efficient with less muda. At AMC we 
applied the theoretical part of a different set of lean principles, methods and tools. There is 
still however a big part left and that is to implement the philosophy of lean thinking. To 
become a lean organization that continues to improve, every single segment of the 
organization needs to think and approach problems in terms of lean manufacturing [5]. The 
company’s owner Ajay Yeole was going to invest, with the help of the lean consultant Pankaj 
Anand, in education to the workers and supervisors in lean manufacturing and lean thinking. 
The ultimate goal is to have workers who can independently improve the ways of doing and 
completing work. This can only be achieved if lean manufacturing is impregnating the entire 
organization of AMC. 
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Appendices 

Appendix A. Factory Layout 

 

 
Figure A1, Factory Layout 

 
1. 300 kg furnace 8. Al ingot storage 15. Moulding spot 22. Pattern storage 

2. 600 kg furnace 9. Inventory room 16. Moulding sand storage 23. Nugget sorting area 

3. Holding furnace 10. Bracket storage 17. Silica sand storage 24. Iron rod storage 

4. Sand muller 11. Recycled Al storage 18. Moulding box storage 25. Crane pillar 

5. Sand mixer 12. Recycled Al storage 19. Fettling area 26. Finished casting storage 

6. Straightening machine 13. Benches for storage 20. Rolling hoop  

7. Al ingot storage 14. Shelf 21. Inspection station  
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Appendix B. Description of the Including Processes 

 
1. Placement of pattern 

A wooden pattern of a casting model (e.g. ACE-61 door) is placed on the factory 
floor. 

2. Placement of moulding box 
A moulding box is placed over the pattern. Requires use of crane. 

3. Sprinkle moulding sand 
Moulding sand is sprinkled in a thin layer over the pattern. It is important that the 
sand surface towards the pattern is very precise and smooth. 

4. Mould sand in bottom moulding box (including transportation of sand) 
Sand is moulded and packed thickly in the moulding box. 

5. Turn moulding box around 
The moulding box is turned around. The pattern is now clogged inside the moulding 
sand and is now facing upwards. Requires use of crane. 

6. Sprinkle graphite powder on moulding sand 
Graphite powder is sprinkled on the moulding sand so the top and bottom moulding 
boxes won’t stick. 

7. Placement of top moulding box 
Another moulding box is placed upon the moulding box and pattern. Requires use of 
crane. 

8. Mould sand in top moulding box (including transportation of sand) 
Sand is moulded in the top moulding box. Metal rods for aluminium sprues and gas 
holes are placed before the moulding starts. This creates inlets for where the 
aluminium can be poured and gas holes for gas to arise from the mould.  

9. Removal of top moulding box 
After the sand has been moulded in the top moulding box, the top and the bottom box 
are separated from each other. The top box is placed on the factory floor for the 
present. Requires use of crane. 

10. Removal of pattern 
Using special tools, the wooden pattern is removed from the bottom moulding box. 
This creates a scoop in the in the sand in the shape of the pattern. 

11. Repair mould 
When the pattern gets removed, some sand often sticks to the pattern. If this happens, 
the mould needs to be repaired. 

12. Placement of brackets and flat nuggets 
Brackets and flat aluminium oxide nuggets are placed in the scoop. Brackets are 
placed as per instruction from the customer which is different from model to model.  

13. Cutting of wire mesh 
Wire mesh are cut out in regard to where the brackets are placed.  

14. Cutting of styrofoam 
Styrofoam are cut out to fit the scoops edges.  
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15. Placement of wire mesh, styrofoam and sand cores 

Wire mesh, styrofoam and sand cores are placed as per instruction in the scoop. The 
wire mesh makes it harder for burglars to open the safe. The styrofoam is placed on 
edges to make the casting more accurate. It will get melted when aluminium is later 
poured into the mould. Sand cores are placed where hollowness is needed in the 
casting. The sand cores will not get melted when the aluminium is poured. 

16. Placement of required nuggets 
More aluminium oxide nuggets are placed in the wire mesh. This is done to make it 
harder for burglars to open the safe. Different models require different nugget sizes. 

17. Heating of nuggets and sand cores 
The nuggets and sand cores are now heated in the mould with a gas burner. This is 
done to reduce pressure which appears due to temperature differences when the 
aluminium is poured. If this is not done there is a risk for the top and bottom 
moulding box to separate. 

18. Unite top and bottom moulding boxes 
The top moulding box is now placed back on the bottom moulding box. Requires use 
of crane. 

19. Connect moulding boxes and placement of weights 
The moulding boxes are connected with screws and heavy weights are placed on the 
top of the boxes. This is done to reduce the chance of that the moulding boxes will 
separate.  

20. Transportation and pouring of aluminium 
Aluminium is poured into buckets and transported to the mould. The buckets have a 
capacity of around 40 kg and requires two people to carry. The aluminium is then 
poured into the inlets of the mould. It is important that this is done simultaneously in 
three different inlets to get an even spread of aluminium. The aluminium needs to be 
over 700 °C when poured. This results in that at least six people is needed for the 
transportation and pouring.  

21. Cooling 
The castings need around 20 minutes to cool down and solidify before the moulds can 
be broken. 

22. Removal of top moulding box 
The top moulding box is first separated and cleaned from sand. Requires use of crane. 

23. Casting knockout 
The bottom moulding box is then lifted into the air and the finished casting is knocked 
out and cleaned. This is done in the moulding area. Requires use of crane. 

24. Transportation of casting to fettling station 
The castings get transported in batches to the fettling station. Requires use of crane. 

25. Fill sand muller with moulding sand 
Moulding sand is filled in a sand muller. 

26. Mix sand with water and bentonites 
The moulding sand is mixed with water and bentonite to get more absorbent. This 
makes it possible to mould the sand very thoroughly in the moulding boxes. 
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27. Sort nuggets 

The nuggets need to be sorted in different sizes and shapes because different models 
require different nuggets. 

28. Fill sand mixer with silica sand  
Sand mixer is filled with silica sand which is used for making sand cores. 

29. Mix silica sand with sodium silicate 
Sodium silicate is mixed with the silica sand in a sand mixer. 

30. Mould and gas sand cores with carbon dioxide 
Sand cores are moulded in forms and then gassed with carbon dioxide. The sodium 
silicate reacts with the carbon dioxide which makes the sand cores very hard. 

31. Load Al into 600 kg furnace 
Aluminium is loaded into the 600 kg furnace. 

32. Melt Al in 600 kg furnace 
Aluminium is melted inside the 600 kg furnace. 

33. Transportation of Al to holding furnace 
When the aluminium has reached 600°C, it is transported from the 600 kg furnace to 
an electrical holding furnace. This is done because it is much cheaper and less burning 
loss to heat it in the holding furnace.  

34. Heating of Al in holding furnace 
Aluminium is heated in the electrical holding furnace from 600 °C to 700 °C. 

35. Load Al in 300 kg furnace 
Aluminium is loaded into the 300 kg furnace. 

36. Melting of Al in 300 kg furnace 
Aluminium is melted in the 300 kg furnace.  

37. Removal of old sand 
Used sand is removed from the moulding area. 
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Appendix C. Pictures from the Factory 

 

 
Figure D1, Picture from inside the factory 

 

 
Figure D2, Picture from outside the factory 
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