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Abstract  
Valeo Engine Cooling in Mjällby mainly produces truck coolers. At the production site, there is on-
going work to phase out the automobile cooler manufacturing and concentrate the production to one 
facility. At the same time the main production flow needs to be improved.  
 
The purpose of this Master’s Thesis is to analyze the flow of coolers from the brazing furnaces 
through the different crimping and welding assembly stations, to find problem areas and implement 
changes to improve the situation. The analysis has pointed out three different areas:  
 

• The need to increase throughput of the brazing furnaces and lower the work in progress levels 
by reducing change-over times 

• The necessity to organize the crimping stock in FIFO and improve the layout 
• The importance of having a separate stock area assigned for manual welding assembly  

 
Currently, the brazing furnaces are operated 24 hours a day and this is still not sufficient to meet 
customer demands. Therefore, every extra hour of production that can be gained is valuable. The work 
with the change-overs in the brazing furnaces has resulted in a step-by-step guide to shorten the 
change-over time. It is based on the SMED methodology (Single Digit Minute Exchange of Die) and 
an analysis of shift reports from the furnaces. The yearly extra profit that would be made by 
implementing each step has been calculated to be between 2 and approximately 15 million SEK. The 
work is supposed to point out the importance of working on reducing the change-over times and show 
which actions are the most profitable. The actions include: reducing the number of belt speeds in the 
furnaces, having an end of line stock for all products, optimizing change-overs on the same belt speed 
and shorten the time used for changing belt speeds.  
 
Today, the crimping storage is very unorganized and difficult to overview. The plan is to store the 
cores in rows of wagons, instead of pallets, and to use the FIFO (First In First Out) principle. The 
stock levels fluctuate heavily over the week. To be able to dimension the new storage area the 
variations have been carefully analyzed. Two layout suggestions were created and compared. Both 
alternatives have advantages, but one of them was found to be superior due to higher safety and better 
stock organisation. The layout of a nearby water leak test station had to be changed in order to have 
the cell working as efficiently as today. The final layout alternative made this possible using a smaller 
area than today.  
 
The analysis of the main process flow showed that today there is no separate storage area for manual 
welding. Instead, these products are mixed within the robot welding assembly stock, and thereby 
complicating the work for the operators. A new storage area was needed with an area able to store 15 
pallets. From the decision factors two layout alternatives were created. The chosen alternative is 
located closer to the manual welding cells and requires less extensive layout changes. To have 
everything working on the least possible area, the supply of tanks to a nearby crimping station had to 
be done with supply trains. These wagons were designed and built. They were also tested in a supply 
loop and at the crimping press with good results. Unfortunately, the wagons could not be added to the 
train loop since there was no room for the tanks in the service area. Still, it served as a good example 
of how much space is made available in a work cell by using small boxes and supply trains.  
 
 
 
 
 
 
 
 



Preface 
This report is the outcome of a Master’s Thesis work at Valeo Engine Cooling AB in Mjällby. Jens 
Lidström and John Viklund, two Master of Science students in Ergonomic Design & Production 
Engineering at Luleå University of Technology, have carried out the Thesis work. The work has been 
done in the Valeo Production System (VPS) department and the VPS manager, Magnus Tjernström, 
has served as an advisor during the Thesis period. The time spent on the project was from the 2nd of 
February to the 18th of June 2004.  
 
Valeo Mjällby is in a phase of extensive layout changes. This work occupies a lot of time for the 
regular personnel of the VPS department. Therefore, they want help to analyse the main production 
flow to find areas with improvement potential.   
 
We would like to thank Magnus Tjernström and Bo Johansson, our advisor at Luleå University of 
Technology. We would also like to thank Per-Ola Larsson, Anne Rupert and all involved personnel for 
their help and useful assistance throughout the Thesis period. 
 
Luleå University of Technology 2004-09-10 
 
 
 
………………………………………………… 
Jens Lidström 
 
 
………………………………………………… 
John Viklund



Table of contents  

Table of contents 
 
1. Introduction........................................................................................................... 6 

 
1.1 Valeo Engine Cooling AB............................................................................................................ 6 
1.2 Purpose and objective................................................................................................................. 6 
1.3 Project assignments.................................................................................................................... 7 
1.4 Limitations.................................................................................................................................... 7 

 
2. Methodology and realization ............................................................................... 8 
 
3. Product and process description........................................................................ 9 

 
3.1 Product facts ................................................................................................................................ 9 

3.1.1 Components of a cooler.......................................................................................................................... 9 
3.1.2 Radiator .................................................................................................................................................. 9 
3.1.3 Charge air cooler .................................................................................................................................... 9 
3.1.4 Oil cooler ................................................................................................................................................ 9 

3.2 Process flow................................................................................................................................. 9 
3.2.1 Press hall .............................................................................................................................................. 10 
3.2.2 Tube mill ............................................................................................................................................... 10 
3.2.3 Stuffer ................................................................................................................................................... 10 
3.2.4 Fin machine .......................................................................................................................................... 10 
3.2.5 Core builders ........................................................................................................................................ 11 
3.2.6 Brazing furnaces................................................................................................................................... 11 
3.2.7 Welding assembly................................................................................................................................. 11 
3.2.8 Crimping ............................................................................................................................................... 12 
3.2.9 Module assembly.................................................................................................................................. 12 
3.2.10 Finished goods ................................................................................................................................... 12 
3.2.11 Final comments of the chapter............................................................................................................ 12 

 
4. Description and analysis of the current situation ........................................... 13 

 
4.1 Production planning and scheduling ...................................................................................... 13 
4.2 Brazing furnaces........................................................................................................................ 13 

4.2.1 Capacity................................................................................................................................................ 13 
4.2.2 Change-overs ....................................................................................................................................... 14 
4.2.3 Physical and psychological work environment...................................................................................... 15 

4.3 The stock area after the furnaces ............................................................................................ 15 
4.3.1 Robot welding stock.............................................................................................................................. 16 
4.3.2 Manual welding stock ........................................................................................................................... 16 
4.3.3 Stenhöj crimping stock.......................................................................................................................... 16 
4.3.4 Stock volume variations........................................................................................................................ 17 

4.4 Robot welding assembly........................................................................................................... 18 
4.4.1 Capacity................................................................................................................................................ 18 
4.4.2 Water leak test station .......................................................................................................................... 18 

4.5 Manual welding assembly......................................................................................................... 19 
4.6 Crimping ..................................................................................................................................... 19 

4.6.1 Stenhöj crimping press ......................................................................................................................... 19 
4.6.2 The aluminium hall crimping press ....................................................................................................... 20 
4.6.3 Nocolok 1 crimping press ..................................................................................................................... 20 

4.7 Summary of the current situation ............................................................................................ 21 
 
5. Future .................................................................................................................. 22 

 
5.1 Volumes ...................................................................................................................................... 22 
5.2 End Of Line storage................................................................................................................... 22 

 
 
 



Table of contents  

 
6. Results – change-over times in brazing furnaces ........................................... 23 

 
6.1 Verification of capacity constraint ........................................................................................... 23 
6.2 Pull-flow ...................................................................................................................................... 24 
6.3 Change-overs ............................................................................................................................. 25 

6.3.1 Current situation ................................................................................................................................... 25 
6.3.2 Short change-over time reduction......................................................................................................... 26 
6.3.3 End Of Line storage for each reference................................................................................................ 26 
6.3.4 Reduction of belt speeds ...................................................................................................................... 27 
6.3.5 Long change-over time reduction ......................................................................................................... 27 
6.3.6 Change-over summary ......................................................................................................................... 28 

6.4 Implementation .......................................................................................................................... 28 
 
7. Results – FIFO stock .......................................................................................... 29 

 
7.1 Stock volume variations............................................................................................................ 29 
7.2 Decision factors for FIFO stock at Stenhöj............................................................................. 30 
7.3 Layout suggestions ................................................................................................................... 30 

7.3.1 One-group layout .................................................................................................................................. 30 
7.3.2 Two-group layout .................................................................................................................................. 31 

7.4 Layout evaluation ...................................................................................................................... 31 
7.5 Further development of the chosen alternative ..................................................................... 32 
7.6 Implementation .......................................................................................................................... 32 

 
8. Results – manual welding stock ....................................................................... 33 

 
8.1 Decision factors for the new manual welding stock .............................................................. 33 
8.2 Layout suggestions ................................................................................................................... 33 

8.2.1 The Lancia layout ................................................................................................................................. 33 
8.2.2 The VME layout .................................................................................................................................... 33 

8.3 Layout evaluation ...................................................................................................................... 34 
8.4 Further development of the chosen alternative ..................................................................... 35 

8.4.1 Routines for the manual welding stock ................................................................................................. 35 
8.4.2 Wagon train supply ............................................................................................................................... 35 
8.4.3 The remaining crimping stock............................................................................................................... 36 

8.5 Implementation .......................................................................................................................... 36 
 
9. Discussion .......................................................................................................... 37 

 
9.1 Change-over times at brazing furnaces .................................................................................. 37 
9.2 FIFO stock .................................................................................................................................. 37 
9.3 Manual welding stock................................................................................................................ 38 

 
 

Appendices 
 
 
 
 
 
 



Introduction  

1. Introduction 
This chapter provides information about the company Valeo Engine Cooling AB and the purpose and 
objective of the project. The chosen project assignments and limitations are also described. 

1.1 Valeo Engine Cooling AB 
Valeo Engine Cooling is a world leader in cooling systems and produces components such as 
radiators, charge air coolers, condensers, exhaust gas recirculation (EGR) coolers, oil coolers, fan-
motor systems, as well as engine cooling modules and front end modules. These components are 
produced for both light vehicles and heavy-duty trucks. The Valeo Engine Cooling plant in Mjällby is 
one of 21 Engine Cooling sites all over the world. 13 of them are production sites. Today the Mjällby 
plant manufacture radiators, charge air coolers, oil coolers and fan-motor systems for trucks as well as 
for automobiles. The latter part will be transferred to other sites within a couple of years. The purpose 
is to completely focus on coolers for trucks. 
 
Today, the Valeo Engine Cooling plant in Mjällby uses three different techniques for brazing coolers, 
each of them located in different departments - the Copper, Nocolok and Aluminium units. In 
alignment with the intention to focus only on truck cooler manufacturing the Copper and Aluminium 
units will be phased out within a couple of years. Then cooler manufacturing will only take place in 
one facility. Right now there are a number of on-going projects concerning product transfers from the 
Aluminium unit to the Nocolok unit. 
 
Currently, there are 656 people working at the Mjällby plant. The production staff is represented by 
531 of them and the rest of them are white-collar workers.  
 
The production philosophy of Valeo is influenced by the Toyota production system. Valeo has a huge 
number of standards and routines for how to run production. A great share of office time is spent on 
trying to live up to these standards and routines. However, in many of the cases there are long ways to 
go.  
 
The Valeo Production System (VPS) is also a part in the 5 axes methodology which is the cornerstone 
of the Valeo way of work. Through Involvement of the personnel, the VPS, Constant innovation and 
Supplier integration Valeo should reach Total quality and total customer satisfaction.  

1.2 Purpose and objective 
The purpose is to analyze the flow of charge air coolers from the brazing furnaces through the 
different crimping and welding assembly stations to find problem areas and implement changes to 
improve the situation. 
 
The initial objective was to present a number of solutions in order to improve and balance the overall 
flow of charge air coolers from the brazing furnaces through the different welding assembly stations. 
The solutions were to consider material handling between the stations, definition of load carriers and 
transportation quantities and specification of area utilization. Other issues that had to be considered 
were stock organisation and reduction and making the production flow easier to overview. This 
includes changing routines for when and where to transport different products.  
 
Almost half way into the thesis work the conditions of the project changed. Before that the objective 
was to balance the flow of production. Then a large increase of customer orders changed the focus 
from balancing to maximizing throughput. More effort had to be put on the bottlenecks of the 
production, the brazing furnaces, and less on stations with a smaller workload. 
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1.3 Project assignments 
Since there was no given assignment from the start, the process flow was first analyzed to find 
problem areas. These are described thoroughly in chapter four. The thesis work has come to focus on 
three different areas:  
 
 Recommendations for how to increase throughput of the brazing furnaces. Different improvement 

suggestions and the profit on implementing each of them.  
 Layout planning of a FIFO stock for cores assigned for crimping  
 Creating a stock area for manual welding assembly  

  
The results for each area are presented in chapter 6, 7 and 8 respectively.  

1.4 Limitations 
The number of solutions that will be implemented are depending on their complexity and the time 
required for implementation. The plan for implementation can only be carried out if the production 
situation will allow it. All of the suggestions for solutions should be in accordance with the Valeo 
principles for production.  
 
The pay-off time regarding any workplace design, change in the shop floor layout or change of 
production sequence should not be longer than one year. This paper will only focus on the Nocolok 
process. 
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2. Methodology and realization 
It was necessary to get an overview of the manufacturing process at the plant right away. During the 
first week of the project a process mapping was made for some of the main products. It gave vital 
information about the process steps and the work in progress (WIP) levels. The second week was 
dedicated to shop floor internship at the most important workstations for the project. The following 
week the objectives of the project were set and a preliminary time schedule was made. The time 
schedule was made with some help from the thesis work advisor at Valeo Mjällby.  
 
The first assignment was to deal with the stock situation after the brazing furnaces. Many operators 
were asked about their opinion of their work situation. All the products, their paths and volumes inside 
the facility were specified from databases and shop floor investigations. Based on this information the 
first layout change for a manual welding storage was made. A concept of a small supply train was 
needed to make this layout change work. A theory for supply trains was used to design the wagons 
needed.   
 
While trying to make the physical implementation of the manual welding storage, the work with a new 
FIFO stock of cores assigned for crimping was started. Very much information about the input and 
output of the furnaces and crimping press was gathered to know the storage capacity needed. A list of 
decision criteria was then compiled and two layout suggestions were compared. When evaluating 
layout alternatives, weighted factor evaluation has been used. This method is often used when 
evaluating intangibles or costs according to Phillips, E. J. (1997). 
 
The weeks spent on gathering information about the furnaces resulted in a considerable amount of 
useful information. This was used to analyse the brazing sequences and the change-over times. Many 
conclusions in this work are based on the fact that the brazing furnaces are considered as the 
bottleneck of the production. To verify this, a method for finding capacity constraints, Roser, R; 
Nakano, M; Tanaka, M. (2001) was used.  
 
Most of the theory used comes from Valeos own database of lean production. From this database 
information about flow analysis, supply trains, dynamic storage, pull flow and SMED (Single Digit 
Minute Exchange of Die) has been used. 
 
All the work done for this project has taken place at the Valeo Mjällby plant. The facts that have been 
used come from observations, discussions with operators and supervisors plus analyses of production 
follow-up.   
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3. Product and process description 
In order to get an overall picture of the cooler manufacturing, the components of a cooler and the 
manufacturing process are described in this chapter. 

3.1 Product facts 
In this chapter the components of a cooler are described in more detail. The differences between 
radiators, charge air coolers and oil coolers are also shown.  

3.1.1 Components of a cooler 
Every cooler manufactured in the Nocolok process consists of tubes, turbulators, fins, end plates, side 
plates and tanks. In order to make the cooling fluid flow through the cooler more slowly, thereby 
maximizing the heat exchange, turbulators are put in the tubes. Turbulators can be made separately or 
extruded in the same step as the tube is done. The fins are placed in between the tubes and their 
function is to contribute to the heat exchange with the surrounding air. Side and end plates form a 
frame to stabilize the tube and fin construction. Fins, end plates, side plates and most tubes and 
turbulators are components that are produced in the plant. All of them will be described later in the 
process flow. The tanks are either made of plastic or aluminium. In both cases tanks are bought from a 
supplier. All other components described are made of aluminium.    

3.1.2 Radiator 

Figure 1. A radiator for an 
airport bus. 

The function of a radiator is simply to cool down the mixture of water 
and glycol (the coolant) flowing through the engine block. At first, the 
water pump sends the coolant into the engine block. When the 
temperature of the engine has not reached its working temperature, the 
coolant is just circulating through the engine block. Then, as the 
coolant reaches a certain temperature the thermostat opens the radiator 
inlet and lets the coolant flow through the radiator. Finally, when the 
temperature of the coolant has fallen it flows out of the radiator, 
through the water pump and into the engine block again. In figure 1 
the reader might get a notion of the proportions of a Valeo-made 
radiator. 

 

3.1.3 Charge air cooler 
Only engines equipped with turbochargers need a charge air cooler (CAC) together with the radiator. 
The CAC cools down the inlet air to increase the amount of oxygen. That is, the volume of the air 
within the CAC decreases and therefore a higher amount of oxygen can be forced into the engine. This 
means that more gas can be burnt in the cylinders and more engine power is generated.  The 
temperature of the coolant is much higher in a CAC than in a radiator so aluminium tanks are often 
needed. 

3.1.4 Oil cooler 
Separate oil coolers are used for cooling the oil of gearshifts, servo steering, breaks etc. Oil coolers in 
general are much smaller than radiators and charge air coolers. Besides the different kinds of fluids, oil 
versus water/glycol, the function of an oil cooler does not differ from a radiator. Some of these coolers 
can be integrated in the tank of a radiator.  

3.2 Process flow 
At the Mjällby plant there are different process flows for truck cooler manufacturing and automobile 
cooler manufacturing. Since all of the truck coolers are brazed in one of the brazing furnaces Nocolok 
2, 3 or 4, these furnaces represent the truck cooler flow. In Nocolok 1 only coolers assigned for 
automobiles are brazed and therefore this brazing furnace represents the automobile flow. Since the 
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different flows are separated, Nocolok 1 has its own tube mill, core builder and crimping press. Even 
though the automobile cooler production is not included in this report the locations of certain 
workstations are of interest. Appendix 1 shows the layout in the Nocolok hall, and all the workstations 
of importance for this thesis work. Figure 2 shows a simplified overview of the main process flow. 
  

End and side 
plate press 

Tube mill Fin machine 

Stuffer 

Core builder 

Brazing furnace 

Welding assembly Crimping 

Module assembly 

Finished goods 

 
Figure 2. Simplified process flow. 
 

3.2.1 Press hall  
In the press hall end and side plates are manufactured. Then they are transported on small wagons to 
the core building tables. There are three larger presses, where most plates are manufactured.  

3.2.2 Tube mill 
At this station aluminium bands are shaped into tubes that are welded together and then cut in the 
required lengths. The aluminium bands arrive to the production plant as huge coils and leave the tube 
mill as tubes in large batches. Most tubes needed are manufactured in the tube mill but a few is bought 
from subcontractors.  

3.2.3 Stuffer 
The stuffer machine accomplishes two things. Aluminium bands arrive to the machine on huge coils. 
Cogwheels shape the aluminium bands into turbulators, which are cut into the right lengths. Then 
these turbulators are stuffed into the tubes manufactured in the tube mill.  

3.2.4 Fin machine 
The Fin machine shapes aluminium bands into fins through a similar process as in the stuffer machine. 
In the more automated production cells the fin machines deliver the fins directly to the core builder.  
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3.2.5 Core builders 
Regardless which type of cooler is being built, radiators or charge air coolers, the principle for the 
building is the same. At first, side plates are loaded in the core builder fixture. Depending on which 
type of cooler is being built, the correct number of fins and tubes are put together every other between 
the side plates. Finally, end plates are attached and the assembly at the core builder is complete. The 
unit leaving the building table is called a core. 
 
There are nine different core builders for the truck cooler manufacturing. The most automated core 
builders are located right in front of the brazing furnaces. They provide the furnaces with the high 
volume units.  

3.2.6 Brazing furnaces 
The cores then pass through the furnaces, where 
the different parts are brazed together. There are 
four furnaces for brazing cores – Nocolok 1, 2, 3 
and 4. The main furnaces are Nocolok 3 and 4, 
each of them manned by three operators. One 
operator puts cores in the furnace, one operator 
takes them out of the furnace (figure 3) and one 
operator tests the brazed cores. Most radiators are 
brazed in Nocolok 3 and most charge air coolers 
go through Nocolok 4. The chemical that makes 
the parts of the core braze together is called flux. 
To reach the highest possible level of quality, it is 
very important that the brazing temperature is 
kept constant in the furnace. Two factors that 
affect the temperature are the band pace and the 
amount of aluminium that currently is in the 
furnace. Depending on which type of cooler is being brazed, the number of brazed units per hour 
differs from 17 to 90. At the end of the furnaces the cores are leak tested. The charge air coolers have 
to be tested in water while the radiators are tested with a vacuum test. In the charge air coolers leaks 
are not accepted. With the water test, operators therefore get an absolute measure – is there a leak or 
not. With the vacuum test, operators get a relative measure of the possible leak. This test is performed 
since a certain amount of leakage can be accepted. The cores are tested to ensure that no insufficiently 
brazed cores are passed on to welding assembly and crimping stations.   

Figure 3.  A furnace operator lifts a brazed core off 
the conveyor belt. 

3.2.7 Welding assembly 
Most charge air coolers have aluminium tanks. 
Therefore the tanks have to be assembled by 
welding to the core. Robot welding is used on the 
high volume articles and the low volume articles 
are welded manually. Before and after robot 
welding, additional welding has to be performed 
manually where the welding robots cannot reach. 
There are two cells for robot welding, each of them 
manned by two operators at a time. One operator 
works at the welding robot (figure 4) and one 
operator works at the manual welding. After 
welding assembly, the cores have to be leak tested 
again to ensure that the tanks are correctly attached. 
Two operators work at each of the leak tests.  

Figure 4. The new welding robot. The operator is 
welding where the robot cannot reach.  
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3.2.8 Crimping  
All radiators, a few of the charge air coolers and some of 
the oil coolers have plastic tanks. These tanks are crimped 
to the core at different crimping presses. The temperature of 
the coolant decides whether it is possible to use plastic 
tanks or not. Whenever it is possible the tanks are crimped 
to the core, since it is an easier process than welding. Plastic 
tanks are also cheaper than aluminium tanks.  

Figure 5. The Stenhöj crimping press. 

 
There are five crimping presses used in the Nocolok 
process. The press that is used for crimping the high volume 
units is called Stenhöj (figure 5). At a time, there is one 
operator working at the crimping press and one operator 
working at the succeeding leak test. At the smaller presses 
crimping and leak testing is done by one operator.  

 

 

3.2.9 Module assembly 
At the module assembly station a radiator and a charge air cooler are put together to a single module. 
The same procedure doesn't go for every radiator and charge air cooler. In some cases the radiators are 
only put frames on and passed on to finished goods. In other cases the customer assembles the 
radiators and charge air coolers to a single module. In all cases the complete product is leak tested. 
This test is the only one required by the customer.   

3.2.10 Finished goods 
When the radiators, charge air coolers or oil coolers have been leak tested and assembled they are put 
in metal racks or on wooden pallets. Then they are brought by truck outside the production facility and 
put in a finished goods stock.  

3.2.11 Final comments of the chapter 
The focus in the further study will be on the brazing furnaces, welding assembly and crimping presses.  
Based on the three assignment stated in chapter 1.3, gathering information about the interactions 
between these stations will be of most importance.  
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4. Description and analysis of the current situation 
In this chapter the parts of production that are of interest for the project are described in detail. At the 
same time today's problems are thoroughly analyzed. To get a quick overview of the highest volume 
product a process mapping has been made, according to Valeo 5 axes – Process mapping. Besides 
information about material handling and value adding time it gives vital information about the storage 
situation. A process mapping summary can be viewed in appendix 2.  

4.1 Production planning and scheduling 
The whole production in the Nocolok process is planned from the furnaces. The brazing furnaces are 
planned based upon incoming orders. To even out peaks in production the customer demands of 
coolers are balanced over the 11 following weeks. This is called the Master Production Schedule 
(MPS). 
 
The production planner plans the furnaces and core builders every day. Due to the long set-up time in 
brazing furnaces, the batch sizes have to be large. Therefore the rate of production cannot be 
synchronized with customer demands. The complexity in controlling a system like this makes 
production planning very difficult. As an indicator of how well the MPS is being followed, the MPS 
respect is measured. Currently the MPS respect is around 40-50 percent, which means a lot of 
rescheduling is being done.  
 
A little more than 100 types of cores are brazed in Nocolok 3 and 4. Almost half of the cores have 
receipts in both, meaning the production planner can choose which furnace to use each time. Today 
this possibility is used for around 20 different cores. Since these cores can take different paths through 
the production flow each time, it is impossible to know the capacity of the system. This also means 
complications from a quality aspect because it will be necessary to control two brazing processes for a 
single product.  
 
To better know the capacity of the furnaces, each core must have a dedicated flow. To decide the route 
for each core, the productive time of each furnace and the rate of production for each core are needed. 
Quality and production volumes also have to be taken in account.   

4.2 Brazing furnaces  
The brazing furnaces are the heart of production. No matter which core builder they have been built in, 
the products meet at the four different furnaces. Since there are about 125 different cores and every 
one of them have to get to the customer on time the brazing sequence becomes an important issue. The 
time for change-over and knowing the capacity of each brazing furnace are other issues to consider. 
Each of them is described further in this chapter.   

4.2.1 Capacity 
As it is now, the market demand on the produced truck coolers is higher than can be manufactured. 
This means that the only constraints of throughput are the bottlenecks of production. Since the 
Nocolok 3 and 4 furnaces are believed to be the bottlenecks of production they are operated almost 
every hour of the week and planned to maximize the throughput. 
 
Appendix 3 shows the cores of the sold products during the first quarter of 2004. Only the cores brazed 
in Nocolok 3 and 4 are included. Many low volume cores are missing since they are produced only a 
few times a year or less. As the chart shows, the variety of units forms a deep curve. In a case like this 
it is often wise to split the products into at least two groups and adjust the manufacturing to the 
different needs of the high and low volume units. Nocolok 3 and 4 can be viewed as high volume 
lines. Manufacturing low volume products in a high volume process leads to unnecessarily high costs. 
The true costs of the inefficiency caused by the low volume products are often hidden, Phillips, E. J. 
(1997). 
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Both Nocolok 1 and 2 has a lot of excess capacity. The excess capacity at Nocolok 1 derives from its 
dedication only for automobile cooler brazing. The furnace is too narrow for most truck coolers. The 
operators at the Nocolok 1 furnace work in three shifts. Since the number of cores brazed here are only 
about 15 and the volumes are small compared to the truck coolers, the operators are often used 
elsewhere in the manufacturing process for automobile coolers.  
 
At Nocolok 2 the reason to the excess capacity is that the furnace is not very wide and does not have 
flux dipping, which is required for many cores. The flux can only be sprayed on the outside of the 
cores. Thus, internal brazing is impossible and therefore only coolers with extruded turbulators can be 
brazed in this furnace. The company is trying to validate if it is possible to move some products from 
Nocolok 3 and 4 to Nocolok 1 and 2, but even if those efforts will be successful it just concerns a 
small percentage. At most 10 hours of production time per week in Nocolok 3 and 4 can be transferred 
if all the validations are successful. 

4.2.2 Change-overs 
The change-over time of a furnace is here defined as the time from the point where the last core of one 
batch leaves the furnace until the point where the first core of the next batch does the same. This time 
depends mostly on the belt speed. In Nocolok 3 there are seven different belt speeds, from 600 
mm/minute to 950 mm/minute and in Nocolok 4 there are eight different speeds, from 550 mm/minute 
to 1150 mm/minute. A complete list of change-over times and belt speeds can be viewed in appendix 
4. Every time a change-over from a product on one belt speed, to another on a different belt speed is 
done the furnace has to be emptied from the flux station to the end. This distance is 46.1 meters in 
Nocolok 3 and 51.5 meters in Nocolok 4 and the emptying takes from 45 to over 90 minutes. Some 
Valeo Engine Cooling factories use only one belt speed in their brazing process. Since the weight of 
the cores varies from around 5 kilos up to 39 kilos at Valeo Mjällby, it is not possible to only have one 
belt speed. 
 
What is special about Nocolok 3 is that it is not the same belt that runs though the whole furnace like 
in Nocolok 4. This gives the possibility to have cores moving in one part of the furnace and lying still 
in another. A few of the highest skilled operators sometimes use this function to reduce change-over 
time by letting the new batch run though the flux station and then stop it while the end of the furnace 
is being emptied. By doing this they gain 18 meters, which is equal to reducing the change-over time 
by 39 percent. However, this is not recommended because if the operator forgets to stop the batch at 
the right time the whole batch can be ruined.  
 
Another thing special about Nocolok 3 is that a special flux is required for the by far highest volume 
product. Every time a change-over is done to this product the furnace has to be emptied, regardless of 
the belt speed.  
 
There is also another type of change-over, between products on the same belt speed. Here the two 
batches only have to be separated by five or six meters and this can be done in around 6-7 minutes for 
most products. In reality this normally takes 11-12 minutes because the operator responsible for the 
change-over needs time to change brazing bars, adjust the new core's position on the belt etc. 
Management has understood that valuable time is lost here. Table 1 shows details about the change-
over times gathered from shift reports. The time frame of the shift report study is four weeks and it 
was done from the first week of March. Appendix 5 shows the whole shift report study. 
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Table 1. Change-over time facts of Nocolok 3 and 4. 
 

Nocolok 3 Nocolok 4 

Change-over time (hours per week) 29 31 

Change-overs (number of times per week) 45 46 

Change-overs within the same belt speed (number of times per week) 19 17 

Percentage of short change-overs (number of change-overs) 42% 38% 

Percentage of short change-overs (time) 13% 11% 

Average change-over time (minutes) 39 40 

Average time for a long change-over (minutes)  59 57 

 
In the shift reports long sequences of up to ten products on different belt speeds can be found. The 
sequences are often controlled to a high extent by short-term customer demands. Since production 
more or less constantly falls behind the production schedule, rescheduling is done all the time to avoid 
production stops at the customers’ sites. In other words, a long-term planning is very hard to perform 
when the short-term actions comes one after the other. The long sequences of products on different 
belt speeds are also due to the wide range of belt speeds. A reduction of the number of belt speeds 
would be a step towards a more long-term production schedule, since the number of short change-
overs increases.   

4.2.3 Physical and psychological work environment 
Operators working at the leak test stations and at both ends of the brazing furnaces have a very 
repetitive work (figure 6). To reduce repetitiveness and increase work content, operators on some 
shifts switch workplaces from day to day. However this is not the case on every shift. Since operators 
put in and take out a core in average every 90 seconds they use 
quick-lifts for lifting cores. After talking to several operators, 
this seems to be working well. None of the operators talked to, 
have had any complaints concerning injury wears. The issue 
annoying the operators the most seems to be the decision of the 
plant management to let brazing furnaces run without any 
breaks. To make this possible an additional operator per shift 
has been hired.     
 
When the furnace operators still had breaks at the same time 
they seemed to have trouble keeping the same pace as the rate 
of production. To reduce the inventory build-up of untested 
cores, the operators should use furnace change-over time for 
testing cores but this is usually not the case. Another reason that 
they are not able to keep up the pace is that the gaskets at the 
vacuum leak test often get worn out. However, this is a minor 
problem which could be solved by storing a smaller amount of 
new gaskets at the test station.     Figure 6. Vacuum testing. 

4.3 The stock area after the furnaces 
When the brazed cores have been tested they need to be stored while waiting for the next operation 
which can be robot welding, manual welding or crimping. The scheduling of the furnaces directly 
controls the input to the stock and the large brazing batches result in a certain inventory build-up. This 
is unavoidable and the stock area has to be able to handle these batches. This big and unorganized 
stock area early turned out to be the main problem for operators at the leak test stations and welding 
cells. Today, the part of the storage area that is meant for robot welded cores occupies far more space 
than was first intended. In fact the area is so crowded with pallets that operators put them in aisles. 

 15



Description and analysis of the current situation  

4.3.1 Robot welding stock 
This storage area is 45 square meters large, and it normally contains 100-300 cores. The shape and 
location of it only allows easy access to three rows of pallets, which is not sufficient. A closer 
examination of each pallet reveals that the area not 
only contains cores going to the robot welding 
assembly. It also contains cores going to manual 
welding stations, crimping, leak test stations and a 
lot of suspended cores waiting for quality 
inspection. In addition, the suspended goods zone is 
placed inside the stock and is not accessible. All 
together this sometimes makes it very hard to 
transport pallets to the succeeding process stations. 
Figure 7 gives a hint of the variety of cores stored 
in the area. To mix parts for different flows in the 
same storage area opposes to the Valeo standard. 
 
 
Both wagons and pallets are used for storing cores 
on. Today there is no rule for which cores should be 
put on pallets or on wagons. As a result, cores that are put on wagons can sometimes be blocked by 
cores piled on pallets. The unfortunate placement of the suspended goods zone contributes to this 
blocking of wagons. At one time, pallets that had been standing there for more than a month were 
found. Even though the location of the zone makes it hard, it is evident that routines for controlling 
suspended goods are not being followed.  

Figure 7. The robot welding stock.  

 
The servicemen and operators in general are sick of sharing the storage area with others and finding 
their pallets blocked by pallets going elsewhere. Most operators seem to argue that the overall solution 
to their problems is to increase the available storage space for cores. However, this argument opposes 
the policy of the factory management, to continuously reduce stock and shrink the production plant.  

4.3.2 Manual welding stock 
After talking to a few operators at the leak test stations, it is evident that they do not know if the units 
they test are going to manual or robot welding in the next step. Therefore, operators simply mix pallets 
with different types of cores in the same area. It turns out that this behaviour is not very strange at all 
since there is no space dedicated for cores going to the manual welding stations. Most of these cores 
are stored in the robot welding stock area and the rest are spread out on different places of the plant. 
All together the cores going to manual welding occupy around 10-15 pallets. 

4.3.3 Stenhöj crimping stock 
The crimping stock area is 45 square meters large, and it normally contains 50-500 cores. The cores 
are stored on wooden pallets and each pallet is placed wherever an available slot is found. Currently 
the cores are stored 14 on each pallet and there can be as much as 35 pallets in the storage area. When 
there is no more storage space in front of Stenhöj, operators are forced to leave the pallets in the aisles 
at the robot welding stock. Since the cores are bigger than the pallet, it is very possible that some cores 
are damaged during handling. Unfortunately the record of such cores is incomplete. Operators often 
register these damages as something machine related to avoid being blamed for incautious handling. 
 
Currently there is a plan to create a FIFO stock at Stenhöj. In the area that will be used for the new 
FIFO stock there are not only brazed cores, but also the supervisors' office and metal racks assigned 
for other products.    
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4.3.4 Stock volume variations 
When performing daily inspections of the inventory levels at the robot welding stock large variations 
between different days were discovered. A talk with the MPS planner revealed that no notice is taken 
to the variations of the stock volumes when planning. To find out more about the variations, an 
analysis of all units brazed in Nocolok 3 and 4 during week one to nine was made. The first four 
weeks was excluded from the further study since a steady-state for 2004 was not reached until week 
five.  
 
The study of the production each week did not explain the variation of levels in the robot welding 
stock. A deeper analysis was made for every day during week five to nine. This shows some very 
interesting patterns. The study of week five to nine showed that in average 426 units per day were 
produced for the robot welding assembly. The share of brazed cores going to the robot welding area 
are very different from day to day and can be viewed in figure 8. 
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 Figure 8. Variations in brazing distribution.  

The peaks in the figure that are marked with arrows pointing down show the distribution on Mondays. 
To a great extent the reason for these peaks, is that both brazing furnaces on Mondays braze CACs for 
robot welding assembly. The valleys marked with arrows pointing up show the distribution on 
Sundays where the situation is the opposite. Here the brazing furnaces mainly produce radiators, 
which are later crimped. This means that if the crimping stock increases, the welding stock decreases. 
To verify that this pattern did not occur by mere accident the analyzed material was showed to and 
discussed with the production planner. He confirmed that radiators are produced in a higher amount 
during weekends in order to satisfy customer delivery schedules. The high peaks of CAC production 
on Mondays were not his intention. It is rather a result of having to catch up, since the CACs are set-
aside during weekends. As the figure shows there are other peaks and valleys besides the ones 
described. These peaks and valleys don’t follow a certain pattern. They can, for example, derive from 
products welded only a few times a year. However, the important thing here is to point out that the 
variations to great extent are regular.   
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4.4 Robot welding assembly 
Since there is a wide range of products at Valeo Mjällby, the different products are divided between 
the two welding robots depending on production volumes. The new one only welds high volume 
products such as product A, product B and product C. The other robot welds a number of low volume 
products, which means that change-over is done very often. To be able to weld all CACs that are 
brazed in Nocolok 3 and 4, both robots run on five shifts.  

4.4.1 Capacity 
The robot welding assembly receives 46 percent of the total brazing volume in Nocolok 3 and 4. At 
the plant there are different opinions whether the capacity of the robot welding assembly is sufficient 
or not. However, the current robot welding capacity has to be at least equal to the brazing rate of units 
going to the welding assembly. If not, the robot welding stock would never stop to increase and that is 
not the case. The stock volume is just changing between almost full and overfull.  
 
Both welding robots are operated 162.5 hours per week in five shifts. Therefore the total production 
time in the robot welding assembly is 325 hours per week. If this value is reduced by 8 percent for 
breaks (40 minutes) plus 7 percent for change-overs; the remaining time for welding is 315.25 hours.  
 
According to a time study performed in March 2003, the new robot welding line can produce 16.29 
product A units per hour. The same time study shows that 11.72 Evobus units can be produced per 
hour. An approximation of the average for all kinds of CACs is around 13. This is the value that is 
used when scheduling the robot welding assembly. Hence, the number of units that can be welded on 
an average day of the week is: 
 

weekdays
hunitsweekh

/7
/13/25.315 ⋅

= 585 units/day  

 
Week 13 for instance 3300 units were welded. This is an average of 471 units per day, which is 
exceeded by 114 units. Week 20, as the production volumes had increased somewhat, 3434 units or in 
average 491 units per day were welded. Thus, a conclusion can be made that the robot welding 
capacity is sufficient. Still, throughput of the robot welding assembly is very sensitive to disturbances, 
like operator absenteeism.  

4.4.2 Water leak test station 
Depending on which type of product the operators are testing, the products are put in metal racks or on 
wooden pallets. The metal racks are provided by the customer and exist in two kinds of versions. One 
rack version for wide charge air coolers and one for narrow.  
 
Today there are two racks of suspended coolers, one pile of empty racks, two empty racks that stand 
on the floor and one rack of on-going coolers. Since a rack uses an area of 1.2 by 1.6 meters, they 
occupy a lot of space. When the operators are leak testing, racks full of leak tested charge air coolers 
tend to gather in the middle of the truck aisle. However, this is not because of the truck driver. It is 
rather due to quality personnel who are supposed to approve each cooler before they are passed on to 
finished goods. 
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4.5 Manual welding assembly  
There are four manual welding cells that receive their brazed cores from Nocolok 3 and 4.  
The location of the manual welding cells is somewhat unfortunate. Three of them are located right 
behind the new tube mill, which means that the distances between the cells and their preceding and 
succeeding station are around 75 meters. These cells are called SPR-1, Penta and Reims. The weekly 
production in the different cells is shown in table 2. 
 
Table 2. Manual welding production in the SPR-1, Penta and Reims 
cells during week 8-13. 
 

 Week 
Cell 8 9 10 11 12 13 

SPR-1 0 25 0 9 0 0 
Penta 72 66 33 65 57 37 
Reims 91 96 152 157 56 95 

       
Sum each week 163 187 185 231 113 132 
Average/week 168.5      

 
The operators at each station work in one to three shifts, depending on the current workload. Since 
operators at the brazing furnaces work in five shifts, the importance of routines for distribution of 
cores going to manual welding is significant. Unfortunately such routines do not exist. Even if routines 
for distribution actually existed, there is no space in the current layout assigned for units going to 
manual welding. Today, operators working in the manual welding assembly claim that they can spend 
one to one and half hours per shift searching for pallets with the right cores. Phillips, E. J. (1997) 
writes about a similar case where an operator had to walk a 150 meter round trip to complete the last 
process step. The time for this last action had been calculated to about six minutes. Taking into 
account that this operator stopped a few times on the way to chat with other operators, the lost 
productive time was close to 50 minutes. It is no doubt that manual welding operators at Valeo 
Mjällby spend some time each shift searching for pallets. However, the searching time doesn’t sum up 
to one and a half hours. To a great extent operators stop to chat with each other along their searching 
routes. 

4.6 Crimping  
In this chapter only the crimping presses that are of interest for the storage areas in chapter 4.3 are 
described. These presses are the Stenhöj crimping press, the aluminium hall crimping press and the 
Nocolok 1 crimping press. 

4.6.1 Stenhöj crimping press 
The crimping press manufacturing the most high volume radiators is called Stenhöj. It supplies three 
assembly stations and at two of these stations the high volume products A and B are assembled. About 
1600 cores are crimped at this press every week and operators work in four shifts. In general, the 
average rate of production for this cell is about 11 coolers an hour. At times, 16 coolers an hour can be 
achieved.   
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4.6.2 The aluminium hall crimping press 
Since the Stenhöj press cannot crimp all cores that require crimping there is an extra crimping press 
assisting it in the aluminium hall. This press is operated in 2 shifts and crimps around 600 cores per 
week, or in average 7.5 an hour. It is only used for the high volume product A. The brazed cores are 
transported from Nocolok 3 to the aluminium hall where they are crimped and leak tested. Then they 
are brought back to the Nocolok hall and the module assembly. Together with the Stenhöj press the 
average crimping capacity for high volume radiators is sufficient. 35 percent of the total brazing 
volume in Nocolok 3 and 4 pass through these two machines. During weekends the aluminium hall 
crimping press is not operated. On weekdays when both presses are operated, 31 percent of the high 
volume radiators are crimped in aluminium hall and the rest in Stenhöj.  
 

31,0
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4.6.3 Nocolok 1 crimping press 
This press lies next to the manual welding cells and is therefore of interest for this project. The rate of 
production of the press is 20-22 units per hour and four different products are crimped here. Figure 9 
shows some of the Nocolok 1 crimping cell.  
 
One of the test stations for this press, the Lancia test, is 
positioned right at the entrance to the manual welding 
area. Sometimes when the test is used it blocks the 
aisle, which prevents pallets going from and to the 
manual welding cells, from passing through.  
 
The preceding furnace runs on three shifts and the press 
only on two; thus a certain inventory build-up is hard to 
avoid. Still, the stock area between these operations is 
very big and unorganized.  
 
In the beginning of week ten the stock at the Nocolok 1 
crimping press was examined. At that time the stock 
held 35 pallets, of which only 16 were necessary. Of the 
16 necessary pallets, tanks for crimping use 6 pallets of 
space. Among the 19 unnecessary pallets or wagons, 
there were several days of overproduction, empty 
wagons, wagons going to leak test stations etc. Since 
the area is bigger then needed it is tempting to hold 
extra work in progress, which is the case here. If there 
is a space to use, pallets of all kinds get left here. This 
means a lot of valuable space being wasted.  Figure 9. Nocolok 1 crimping press and 

tanks on pallets. 
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4.7 Summary of the current situation 
In this chapter the most important issues with improvement potential are summarised. 
 
The production planner plans the furnaces and core builders every day. Due to the long set-up time in 
brazing furnaces, the batch sizes have to be large. Therefore the rate of production cannot be 
synchronized with customer demands. The inventory build-up that comes as a consequence is 
unavoidable and the storage areas succeeding the furnaces have to be able to handle these batches.  
 
Today the cores can take different paths through the production flow each time, which makes it 
impossible to know the capacity of the system. To better know the capacity of the furnaces and make 
planning easier, each core must have a dedicated flow.  
 
Since the Nocolok 3 and 4 furnaces are believed to be the bottlenecks of the production they are 
operated almost every hour of the week and planned to maximize the throughput. Every possibility to 
further increase throughput is therefore of interest. Nocolok 3 provides the opportunity to have cores 
moving in one part of the furnace and lying still in another. By doing this, change-over time could be 
reduced by 39 percent during change-over between different belt speeds. There is also another type of 
change-over, between products on the same belt speed. It is possible to manage this change-over in 6-7 
minutes for most products but in reality it normally takes 11-12 minutes.  
 
Currently there is a wide range of belt speeds in Nocolok 3 and 4. Change-overs between different belt 
speeds consume from 45 to over 90 minutes. Therefore, a reduction of the number of belt speeds 
would be a step towards a more long-term production schedule, since the number of short change-
overs increases.  
 
Along with the large batch sizes the variation in brazed volumes assigned for crimping and welding, 
causes a somewhat chaotic stock situation. Since there is no storage area for cores assigned for manual 
welding, the cores are mixed with cores going to other workstations. Therefore the manual welding 
assembly needs its own storage area close to the welding cells and the storage areas for crimping needs 
a better organisation.   
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5. Future 
In this chapter the future plans that are of interest for this project are described. 

5.1 Volumes 
A very important assumption for this project is the decision in the plant's future action plan to attach 
the tanks on charge air coolers of product A by crimping instead of welding, in 2006. This will reduce 
the flow of products going through the robot welding assembly by about 50 percent. Therefore, it is 
out of the question to buy a third welding robot in order to increase welding capacity. Excess crimping 
capacity on the other hand will be purchased within two years.  
 
Within this year, product A modules will increase from about 1500 a week to 1700 a week. To 
increase throughput that much, bigger brazing batches are required. Other actions must also be taken 
to manage such an increase of production. In table 3 changes in production volumes among other 
products is shown. 
 
Table 3. Future changes in product volumes. 
 
Product description Current volume Future volume Time horizon 
Product A 1500 /week 1700 /week within this year  
Product B 1400 /week 1750-2100 /week within 3-4 years 
Product C 20000 /year 5000 /year within this year 
Other products  same as today  

 

5.2 End Of Line storage 
Today there is almost no finished goods stock at all, since there is no capacity left to build one. During 
summer vacation extra shifts will be used to create such a stock. There is currently a project to have 
end of line stock of all radiators and CACs.  
 
When manufacturing a cooler many different components are assembled. The complete coolers are 
then shipped to the customer sites as modules, separately, with customised packaging, i.e. in many 
different versions. So the point where there are the fewest reference numbers to keep track on is where 
the coolers are complete but yet not packed or assembled as modules. This is shown in figure 10. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Finished goods 
Radiators, 
CACs, modules, 
customized 
packing 

Customization Assembly 

Complete radiators and charge air coolers 

Components 
Tubes, tanks, 
end plates, 
side plates, 
turbulators etc. 

 

Figure 10. The future End Of Line storage point.  
 
This is where the EOL storage should be for the most simple production planning and control. Module 
assembly can be seen as a last short operation prior to shipping, just as special packing is. Production 
planning can focus on replenishing the stock and the operations of the plant are protected from 
variation in customer orders. The physical stock has to be indoors and on wagons. This will require a 
very large amount of space and this space will be available when production in the copper hall is 
phased out.
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6. Results – change-over times in brazing furnaces 
Today, the whole furnace has to be emptied every time the belt speed of the furnace is changed. This is 
to make sure that the right brazing conditions are provided for each type of core. In Nocolok 3 and 4, 
the emptying of a furnace takes in average 40 minutes. Currently, there are 15 different belt speeds in 
these two brazing furnaces. It is evident that a lot of production time is spent on change-overs. 
Therefore, the brazing batches are made as big as possible, resulting in serious storage problems. Since 
the amounts of different products vary over the week, the storage problems tend to fluctuate and move 
within the plant. The following recommendations are attempts to reduce the total change-over time 
and by doing so getting closer to implementing a pull flow, which is one of the goals of VPS. First of 
all it is important to be sure that Nocolok 3 and 4 really are the capacity constraints of the plant.  

6.1 Verification of capacity constraint 
Most people at Valeo Mjällby are convinced that the furnaces are the bottlenecks of production. There 
are a few though who believe the robot welding assembly might be the capacity constraint. It is 
necessary to know which one of them it is, not to draw any false conclusions.  
 
Roser, R; Nakano, M; Tanaka, M. (2001) describes a method for determining capacity constraints in a 
production chain. According to their method the available production time in a processing machine is 
considered either active or inactive. Working, in repair, changing tools and serviced are all considered 
as active states. Waiting for parts, waiting for service and blocked are seen as inactive states. For a 
certain period of time the duration of a machine being active, without being interrupted by an inactive 
state, is measured. The machine with the longest average active period is most likely the capacity 
constraint.  
 
Since work can be moved between the furnaces and also between the two robot welding cells, in this 
simple trial the furnaces are considered as one machine and the welding cells as another. 
 
During a period of 38 days, in May and June, the shift reports of the robot welding assembly and 
furnaces were studied. This was the longest period that could be found with out any gaps in the 
reporting. 89 inactive periods were found in the welding assembly. During the same period only 7 
inactive periods were found in the brazing furnaces Nocolok 3 and 4. None of the inactive periods 
were very long so they can be approximated to 30 minutes in average.  
 
The average active period can be calculated to: 
 

6.9
90

5.0892438
=

⋅−⋅
hours for the welding and 

 

  4.113
8

5.072438
=

⋅−⋅
hours for the furnaces 

 
Observe that there is one more active period than inactive. More information about this and the 
standard deviations for the material can be found in appendix 6. In figure 11 a 95%-confidence 
interval is shown for the average active periods. The standard deviation for the furnaces is very high 
because of the few observations; still the intervals are clearly not overlapping.  
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Figure 11. Confidence intervals for the active periods. 
 
There is no doubt that the furnaces are the capacity constraints and that the robot welding assembly is 
not. The reason that some people believe that the welding assembly is a capacity constraint is the large 
amount of inventory that often occur in front of it. A reason to the large amount of inventory will be 
given in chapter 7.1.   

6.2 Pull-flow 
One of the targets of the Valeo production system is to implement kanban wherever possible. In this 
chapter the progress towards this goal is examined and the steps left to take, before such a system can 
be implemented. 
 
To achieve full effect of a kanban system some environment requirements must be met: 
 
 Relatively large quantities, even and predictable demand, short lead-time, small batch sizes and 

constantly recurring articles. Andersson, J et al. (2000) 
 
 A relatively small range of products and stable products with few construction changes. Mattson, 

S-A et al. (2003) 
 
If this is applied at Valeo Mjällby, the products and the customer orders seem to meet the 
requirements. It’s the production process that doesn’t. 
 
According to Valeo 5 axes – Pull flow, there are a number of prerequisites that must be met before 
kanban can be implemented. Together with the current status of Valeo Mjällby, on-going projects and 
future requirements, these prerequisites are shown in appendix 7.  
 
The requirements that are met today are very few. The customer demand is very stable and can be 
smoothed with the MPS today. The products have a long life cycle with few construction changes. At 
the plant there are huge efforts being done on improving the quality of the process. The main tool for 
this is QRQC (Quick Response Quality Control), which is a systematic tool for solving discovered 
problems once and for all. A majority of the white-collar workers are active in the work with QRQC. 
The project for building end of line stocks for all radiators and CACs is also a step in the right 
direction towards a kanban flow. If this work is successful, the fastest way of implementing kanban 
would be to dedicate one brazing furnace for high volume products and one for low volume products. 
Production in the former furnace would then be controlled with kanban.  
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However, it is not a trivial issue to improve the quality of the process within a short period of time. It 
is preferable though that a more long-term strive towards kanban is enhanced. This work should start 
with putting more effort on reducing change-over times.    
 
Currently, very little work is being done to reduce change-over times. This is a key factor when 
striving towards a pull flow. The only way to reach change-over times less then 20 minutes is to braze 
cores on the same belt speed.  

6.3 Change-overs 
Since the furnaces Nocolok 3 and 4 are bottlenecks every extra unit that can be brazed is basically an 
extra cooler sold, Fox, R & Goldratt, E. (1986). In other words, what the customer pays for the 
complete cooler minus the material cost is pure profit. Very much money can be made on reducing the 
change-over times. What is done with the gained time affects how much money its worth of course. In 
the end it should be used both to increase the output rate and to reduce batch sizes and lead times. 
Valeo Mjällby needs to increase the output of the plant first, to be able to supply the customers. After 
that, the batch sizes and lead-times can be cut. Shorter lead times will increase the plant's 
responsiveness. It is not easily shown though, how much money it is possible to gain by such a 
measure. What is easier to calculate is if the time gained is used to braze a couple of extra cores on 
each batch, and by doing so using the same number of setups. One extra hour of brazing time in 
Nocolok 3 and 4 is worth:  
 

weeksworkingweekSEK 45/40000 ⋅ = 1.8 million SEK a year 
 
The figure of 40000 SEK per week is based on weekly sales, the share of the production that goes 
through Nocolok 3 and 4 and the raw material cost. 
  
The SMED methodology described in Valeo 5 axes can be applied on the furnaces. The steps to 
reduce the change-over times are shown in the following chapters. The images show a simplified 
model of the different belt speeds, batch sizes (dark grey) and change-overs (light grey). 

6.3.1 Current situation 
As described in chapter 4.2.2 today there are multiple belt speeds with frequent changes between 
these. In average less then two batches are brazed on a belt speed before switching, which is shown in 
figure 12. Neither the long change-overs nor the short ones are optimized. 
 

 
Figure 12. A model of today’s situation.  
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6.3.2 Short change-over time reduction 
The easiest improvement that can be done instantly is to hire an extra operator to assist at the short 
change-overs in the furnaces. It is believed that one operator have time to prepare change-overs for 
both furnaces. The shift report study shows that if the short change-overs are reduced from 12 to 7 
minutes in average, 1.6 hours can be gained in Nocolok 3 and 1.5 in Nocolok 4. The total of 3.1 hours 
per week that can be gained in two furnaces is worth 5.4 million SEK a year minus the cost of the 
extra operator. The cost of an extra operator per shift would be: 
 

operatorSEKshifts /7000005 ⋅ = 3.5 million SEK 
 

which gives a pay-off time of: 
 

≈⋅12
4.5
5.3

8 months 

 
It is very important to conduct follow-up measures to make sure that the effect on the short change-
over times remains, and don’t drift. The gained time would be used to increase the output rate. This 
can be seen in figure 13. 
 

 
Figure 13. The short change-over times have been reduced.  

6.3.3 End Of Line storage for each reference 
Building end of line storages for every reference is the next step and the project of doing so has just 
started, as seen in chapter 5.2. When this is done, longer sequences can be brazed on the same belt 
speed and less rescheduling has to be done. The result will be less long change-overs and more short 
change-overs and thus a higher output rate, which is shown in figure 14. 
 

 
 

Figure 14. With an EOL storage longer sequences can be brazed on the same belt speed.   
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6.3.4 Reduction of belt speeds 
In Nocolok 4 around 10 hours per week could be gained meaning 18 million SEK a year in pure profit. 
This figure is theoretical. In reality it is possible that some extra operators must be added along the 
process chain to handle the increased flow. This would reduce the profit with a couple of millions. 
Still, there is a lot of money to save on reducing the number of belt speeds here so the work with this 
should not be held waiting. A rough estimation is that the belt speed transfer would take two years to 
complete and the total cost would be about five million SEK. The reduction of the belt speeds can be 
done in steps so the return on the investment can come gradually. A good way to start would be to 
group the products around product A CAC and product B CAC. These are the two highest volume 
products in Nocolok 4. They are brazed on the belt speeds 1050 mm/min and 750 mm/min 
respectively. If this could be done successfully there would be two main blocks of cores, each of them 
brazed once a day. Again the result would be less long change-overs and more short change-overs 
meaning a higher output rate. This can be seen in figure 15. It is also very important to standardize 
what belt speeds to use for future products to minimize the range. 
 
Note, even at this step the work-in-progress levels remains at the same high level as today. There are 
only two belt speed groups, but to be able to cut the inventory levels it must be possible to change 
between products in different groups more frequently. 
 
In Nocolok 3 many speeds have to be combined to gain one more hour of productive time. The highest 
volume core, product A rad, has a special type of flux that limits the effect of putting belt speeds 
together. Also in this furnace there are many more products that would need new receipts and 
validations. These tests and validations require valuable time in the furnace. The shift reports showed 
that around 1.8 hours per week can be gained so it is unlikely that this could be done with return of 
investment within a year.  
 

 
Figure 15. The number of belt speeds has been reduced, resulting in a higher output rate. 

6.3.5 Long change-over time reduction 
Using the 39 percent shorter change-over time in Nocolok 3 is worth over 12 million SEK a year if 
used to increase the output. If the results of the previous three steps would be the same as for other 
Valeo factories, the time gained here would instead be used only to cut batch sizes and make more 
frequent change-overs between belt speeds. The output rate would slightly decrease but the effect of 
decreasing the lead time would be great. A schematic model of this can be seen in figure 16.  
 
Hiring qualified engineers to implement technical solutions in order to make the method reliable in 
accordance to poke yoke, and validate the products should pay off in a year. 
 

 
Figure 16. The reduced long change-over times makes it possible to change belt speeds more  
frequently. 

 27



Results – change-over times in brazing furnaces  

6.3.6 Change-over summary  
Table 4 shows the effect of carrying out the described steps above. Note that all calculations are based 
on the assumption that customer demands remain greater than the throughput of the plant. The figures 
are based on the same shift report study as in chapter 4.2.2. In a long-term perspective it is most 
profitable to reduce the number of belt speeds. This is essential, since a kanban implementation is the 
long-term objective. The end of line storage step will be a huge project and it is hard to show any 
absolute figures of the gain.    
 
Table 4. Steps to reduce change-over time. 
 

Nocolok 3 Nocolok 4 

Hours won per week by reducing short change-overs by 5 min 1.6 1.5 

Hours won per week by using less belt speeds in Nocolok 3 
600+700 = 650 mm/min 780+830 = 800 mm/min, 890+900+950 = 900 mm/min 
 
Optimized production schedule would increase hours won by ~50% 

 
1.2 

 
 

~1.8 
 

 

Hours won per week by using less belt speeds in Nocolok 4 
750+850 = 750 mm/min, 1050+1120+1150 = 1050 mm/min 
 
Optimized production schedule would increase hours won by ~50% 

 

 
6.4 

 
 

~10 
 

Hours won per week by using 39% reduced change-over time  10.0 9.6 

 

6.4 Implementation 
In order to help out with change-over preparations at the brazing furnaces, management has had plans 
to hire an extra operator on each shift. The analysis made in chapter 6.3.2 shows that it would be worth 
doing. 
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7. Results – FIFO stock 
This stock is located between the brazing furnaces and the Stenhöj crimping press and it needs a new 
layout and organisation. The idea of the stock is to have several rows and only one type of core in each 
row at a time. The Stenhöj operators will only crimp what the different assembly stations need for the 
moment. The thought of this organisation is to reduce WIP and material handling time. Also to 
improve quality by transporting and storing cores on wagons that protects the cores from hitting other 
objects. Valeo 5 axes – Dynamic Storage. The current layout of the area can be viewed in appendix 8.     

7.1 Stock volume variations  
The plan to braze a large amount of radiators during weekends that was shown in chapter 4.3 has a 
great impact on both the crimping and welding stock. The inventory levels of these will oscillate 
heavily. Simplified, when one reaches its maximum the other will be at its minimum.  
 
When dimensioning this FIFO stock, the variations in volumes of radiators going from the furnaces to 
the Stenhöj and the aluminium hall press must be known. The brazing furnaces Nocolok 3 and 4 
(input) and the succeeding crimping stations (output) are here compared. The time studied is week 9 to 
14. It is known that a large share of radiators is produced in the weekends. During weekends Stenhöj is 
the only press operated. Therefore splitting the weeks into weekdays and weekends is a good way to 
show the impact of the variations. The input and output of these two groups are shown in table 5. 
 
Table 5. Storage levels for weekdays and weekends during week 9-14. 
 

Storage levels during weekdays, Monday morning - Friday morning week 9-14 

 Input Output  

Week 
Nocolok 3 
brazing 
furnace 

Nocolok 4 
brazing 
furnace 

Stenhöj 
crimping 

press 

Stenhöj 
Scrap 

Aluminium 
crimping 

press 

Aluminium 
scrap 

Input - 
output 

9 1047 15 1115 14 266 2 -335 
10 1261 42 865 7 519 5 -92 
11 1340 0 1172 150 304 7 -294 
12 1410 0 1032 4 555 5 -186 
13 1259 0 989 2 655 8 -395 
14 1420 0 923 20 503 9 -35 

Average       -223 

Storage levels during weekends, Friday afternoon - Sunday night week 9-14 

 Input Output    

Week 
Nocolok 3 
brazing 
furnace 

Nocolok 4 
brazing 
furnace 

Stenhöj 
crimping 

press 

Scrap 
Stenhöj 

Input - 
output   

9 697 0 593 4 100   
10 706 0 691 2 13   
11 964 0 579 15 370   
12 996 0 518 15 463   
13 912 39 588 14 348   
14 751 49 637 15 148   

Average     240   
        

* Input values are reduced by 6% to adjust for double reporting of rebrazed cores  
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During weekdays the storage levels decreases with in average 223 cores per week over the six weeks. 
There are some peaks though. During week 9 and 13 the decrease is 335 and 395 cores respectively.  
A look at the storage levels during weekends shows an average increase of 240 cores. During one 
weekend the stock between the furnaces and presses increased with over 460 cores. That is more than 
33 pallets, almost as much as the maximum stock capacity today. 
 
During weekends crimping capacity is reduced by 31 percent, since the aluminium hall press is not 
operated. Despite of this, large amounts of radiators are brazed. It is obvious that the thought of 
producing large amounts of radiators during weekends has a great impact on the storage levels. If the 
production planning could be changed to even out these variations, the storage levels for both 
crimping and welding would be reduced to less than half of today's maximum levels. However, the 
production planner claims that it is more or less impossible to change the current planning right now 
without losing valuable production time. Therefore, these variations need to be absorbed by the new 
FIFO stock. 
 
The difference in input-output averages between weekdays and weekends might seem strange. Most 
likely this is due to margin effects of the studied time period, insufficient reporting and quality 
discards in between the workstations.  

7.2 Decision factors for FIFO stock at Stenhöj  
First of all the maximum storage capacity has to be decided. Today the stock can hold about 500 cores, 
but such a high amount is not possible for the new stock since the cores will be stored on wagons. 
Normally, 24 hours of crimping production is sufficient. In this case the variations shown in chapter 
7.1 must be absorbed by the stock. It is impossible though to dimension the stock for the highest 
peaks, that kind of variations must be managed through overtime as well. It is desirable to have a 
minimum level of 50 cores as a safety stock and space for a 25 percent higher amount than an average 
weekend increase. All together this means a maximum storage level of:  
 
 50 + = 350 cores or 25 wagons 24025.1 ⋅
 
Other important factors to consider when designing the stock layout is: to have at least 8 rows of 
wagons and that the content of the stock should be easy to organize and overview. The time used for 
material handling should be less than today so the ends of the stock have to be close to the preceding 
and succeeding workstations. Of course, the stock can't complicate the work at the surrounding 
workstations. All factors are listed in appendix 9. 

7.3 Layout suggestions 
Since there is already an area assigned for the FIFO stock, the number of possible solutions are 
limited. The number of rows is another factor reducing the number of alternatives. Taking this in 
account two suggestions have been found to be possible, the one-group layout and the two-group 
layout. Both layout alternatives require some changes at the water leak test station next to the stock. 
Down below these two suggestions is described further.  

7.3.1 One-group layout 
According to this layout alternative, 8 rows of wagons will be located perpendicular to the brazing 
furnaces. There will be space for 4 wagons in each row and no more than 14 cores can be placed on 
each wagon. Since it is a FIFO stock, it will be fed from one end of the row and emptied from the 
other. However, the stock must also be able to handle the return of empty wagons. Therefore, one row, 
meaning 4 wagons or 56 cores, will be assigned for this purpose. The remaining stock will be able to 
contain 392 cores. Thus, the maximum stock capacity will be 78 percent (392/500) of today's capacity. 
The one-group layout is showed in appendix 10. 
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7.3.2 Two-group layout 
With this alternative the rows of the stock will be located parallel to the brazing furnaces. The stock 
area will have eight rows and an aisle will separate them in two groups. One of the groups can hold 24 
wagons and the other group can hold 8 wagons. This means that the two-group alternative can hold 32 
wagons. In order to have a FIFO stock, it will be fed from two different directions and emptied from 
the middle-aisle. With one row of 6 wagons, or 84 cores, assigned for wagon return the stock capacity 
will be 73 percent (364/500) of the current capacity. The two-group layout is shown in appendix 11. 

7.4 Layout evaluation 
In order to decide an alternative for further development, the two layout suggestions are compared in 
this chapter. The evaluation factors are based on the main decision factors. Table 6 shows a summary 
of the evaluation factors. A complete weighted factor evaluation can be viewed in appendix 12.  
 
Table 6. Evaluation scheme for the FIFO crimping stock. 
 

Weighted ratings 
Evaluation factors One-group 

layout  
Two-group 

layout 
Layout 0.88 0.87 
Process flow 0.24 0.16 
Material handling  0.74 0.66 
Stock organisation 1.14 0.90 
Economy 0.30 0.30 
Safety 0.12 0.08 
Total weighted rating 3.42 2.97 
 
The one-group layout gets a higher weighted rating on five out of six main factors, which results in a 
higher total rating. This layout alternative fits better with the long-term master layout plan since the 
rows are perpendicular to the brazing furnaces.  Within a couple of years when a higher share of 
products will be crimped, this location of the rows will work better. With the one-group layout the 
flow of brazed coolers will agree better with the main process flow, than with the two-group layout. 
Implementing the latter alternative will be somewhat easier though, since it does not require any 
changes in media supply. With the one-group layout there will be very few crossing product flows, 
which is an advantage.    
 
The feeding of the rows will be easier with the one-group layout since it is fed only from one direction 
instead of two as for the two-group layout. This also means that the time consumed by handling of 
brazed cores will be shorter than today with the former alternative. However, the stock organisation in 
comparison with today's organisation is also a very good reason for the reduced material handling 
time. The two-group layout presents an easier way of emptying the stock, though.  
 
Since the one-group layout will be fed from one row end and emptied from the other end, it will work 
better as a FIFO stock. Because of this it will also be easier to maintain the stock organisation. The 
one-group stock will be easier to overview, than the two-group stock for obvious reasons. From a 
safety point of view the former layout is better, since transportations of coolers across truck aisles will 
not occur as much as for the two-group layout.  
 
The one-group layout is the alternative that gets a higher weighted rating on several important 
evaluation factors. Therefore, this is the alternative that will be chosen for further development and 
implementation.  
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7.5 Further development of the chosen alternative 
11 rails are needed for the 8 rows of the stock to avoid bumping the wagons into the columns at the 
feeding side of the stock area. A small piece of the Stenhöj zone has to be turned into aisle to get the 
necessary space for turning the wagons when bringing them out of the stock. 
 
The supply of metal racks to the water leak test has to be changed, now when the space this station can 
use will be limited. In the new layout, the truck brings a pile of five empty racks and places them 
between the FIFO stock and the aisle. Then he lifts two racks down on the side, so the water leak test 
operator can pick them up with the hand truck. The water leak test operator brings an empty rack to 
the test station and when it is full he places it in the area for finished racks, next to the aisle. This is 
shown on the layout drawing. The layout has room for three finished racks, which the operators 
demanded to approve the layout. According to Valeo principles there should only be room for one 
finished load carrier in a cell, Valeo 5 axes – Zoning. However, the water leak test operators cannot 
risk to be blocked from working if quality control personnel or the truck will not show up on time. 
New safety rails have to be put up both where the truck leaves empty racks and where it picks up the 
full ones. The zone for suspended racks has also been moved in the new layout. 

7.6 Implementation 
This layout was signed and approved the first week of May. At the end of the project, rails and a 
wagon prototype were being built. Material for the wagons had also been purchased. The building of 
wagons will presumably be finished in early autumn.  
 
One might think that a huge stock of brazed cores helps protecting throughput of the plant. The truth is 
that only a stock in front of the bottleneck, read Nocolok 3 and 4, can protect throughput (Goldratt, 
Race). Extra amounts of stock after the furnaces will only delay the effect of a production stop a 
couple of days. The delay makes it hard to see the connection.  
 
The knowledge of the variations mentioned in chapter 7.1 taught management to stop crimping 
production in the aluminium hall when production time has been lost in the brazing furnaces during 
weekends. Even if the crimping presses still have a stock to rely on, they will be out of work a couple 
of days later if both of them run on all shifts. In such a case, transporting cores down to the aluminium 
hall is a waste. Instead all crimping should be done in the Stenhöj press.
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8. Results – manual welding stock 
Today operators spend much time on searching for the cores they are supposed to weld. The intention 
is to create a stock only with cores going to manual welding assembly that is closer to the welding 
cells. It is also desirable to reduce WIP between the Nocolok 1 brazing furnace and the crimping press. 
Therefore, it is preferable if the solution satisfies both interests. The current layout at Nocolok 1 is 
showed in appendix 13. 

8.1 Decision factors for the new manual welding stock 
In this chapter the criteria considered as the most important for the new manual welding stock is 
summarized. A complete list of decision factors can be viewed in appendix 14. 
 
The manual welding cells handle very small volumes compared to the robot welding assembly and 
crimping presses, as shown in chapter 4.5. The cores going to these welding cells are brazed in bathes 
of 20-40 units, that is 2-4 pallets. Based on the table in chapter 4.5 and the fact that around 10-15 
pallets/wagons of these cores today are stored after the brazing furnaces, an area able to hold 15 
wagons should be sufficient. Creating an area only assigned for cores going to manual welding 
assembly is more important than the exact size of the area.  
 
This stock has to be close to the welding cells. Another important issue is that the surrounding 
operations cannot be effected negatively by the location of the welding stock. For example, crossing 
flows of products due to the stock's location are not desirable. It is also important that material 
handling between operations will not be more time-consuming than it is today. Implementation of the 
new manual welding stock should be easy to carry out.  
 
It is preferably that it will be a FIFO stock. Therefore, the cores have to be stored on wagons. If a 
FIFO stock cannot be achieved, no more than one wagon should have to be moved in order to get 
access to any other wagon. This means that a square-formed storage area is out of the question. The 
pay-off time for the layout change should be less than one year.  

8.2 Layout suggestions 
Because of expensive and extensive layout changes, there are only two possible locations for the new 
manual welding stock. Here the different layout alternatives are described further; one referred to as 
the Lancia layout and the other as the VME layout. 

8.2.1 The Lancia layout 
This stock layout alternative requires a move of the Lancia leak test cell. To make this move possible, 
the WIP stock next to the Nocolok 1 crimping press must also be reduced. In the area earned due to 
reduction of the WIP stock the Lancia leak testing cell will be placed. The area of 3.5 by 5 meters 
makes it possible to keep the current cell layout. Where the leak test was located earlier there will be 
an area able to hold 14 wagons. The Lancia layout can be viewed in appendix 15.  

8.2.2 The VME layout 
The location of the manual welding stock according to this alternative will be where the VME welding 
cell currently is situated. The welding cell will be moved about four meters, requiring a reduction of 
the WIP stock behind the VME cell. The area that today is used for plant QRQC-meetings will also be 
required for the layout change.  
 
Some of the area earned will be used for an aisle assigned for walking right next to the truck aisle. The 
remaining area of 3 by 6 meters makes it possible to have a FIFO stock able to hold 15 wagons. The 
VME layout can be viewed in appendix 16.  
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8.3 Layout evaluation 
The two layout alternatives are now evaluated, in order to choose one of them for further development. 
The evaluation factors are based on the main decision factors. Table 7 presents a summary of the 
evaluation factors. A complete weighted factor evaluation is showed in appendix 17. 
 
Table 7. Evaluation scheme for the manual welding stock. 
 

Weighted ratings 
Evaluation factors Lancia 

layout  VME layout

Layout 1.38 0.84 
Process flow 0.36 0.30 
Material handling  0.21 0.21 
Stock organisation 0.81 0.99 
Economy 0.48 0.48 
Safety 0.24 0.12 
Total weighted rating 3.48 2.94 
 
As shown in the evaluation scheme the Lancia layout gets a higher weighted rating on three out of six 
main factors. First of all the Lancia alternative will be easier to implement since the test station that 
will have to be moved is equipped with wheels. The only media that need to be installed are 
electricity, air pressure and ceiling lighting. Implementing the VME layout would require a move of 
whole VME welding cell.  
 
Other advantages with the Lancia layout are that the surrounding operations will not be effected 
negatively in any way and it will be located closer to the manual welding cells. The Lancia testing is 
done in big batches, transported from the press on wagons. It is the same person operating the press 
and the test but at different times, so the few meters the test will be moved have very little impact on 
productivity. 
 
With the VME alternative on the other hand, the supplying of the VME welding cell will not work as 
efficiently as today. Moreover, brazing furnace operators at Nocolok 1 will have to transport brazed 
cores about 30 meters to the welding stock. Another advantage with the Lancia alternative is that it 
will fit better with the long-term master layout plan. 
 
The location of the Lancia layout will result in fewer crossing product flows than the location of the 
other alternative. An advantage with the VME layout, though, is that it will work well as a FIFO stock, 
which is not really the case with the Lancia layout. The former layout will also be able to hold 16 
wagons of cores, which is more than sufficient. From a safety aspect the Lancia alternative will be 
better, since very little transportation of coolers across truck aisles will take place. 
 
All together the Lancia layout is superior to the VME layout and therefore it will be chosen for further 
development and implementation. 
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8.4 Further development of the chosen alternative 
In this chapter the chosen layout alternative is described and improved further. 

8.4.1 Routines for the manual welding stock  
To have the new manual welding stock area working, routines for sorting out the manual pallets at the 
furnaces and transporting those to the new stock have to be made. Today the supervisor of the furnaces 
prints out a brazing schedule to the operators. If a column is added to the brazing schedule form, 
where manual welded cores are marked they can easily be sorted out. The furnaces have one extra 
operator so brazing can be performed during breaks also. This person should have time to transport the 
cores to the manual welding stock. 

8.4.2 Wagon train supply 
At the crimping press two pallets of tanks are needed at the time. In the stock area, it is now room for 
the four other types plus space so the two ones that are being used can be put back while switching. 
These six pallets of tanks used at the Nocolok 1 crimping press occupy a lot of space. The tanks can be 
supplied by a wagon train instead and most of this space can be utilized for the Lancia test station. The 
train used today supplies different cells and there is excess capacity to add the Nocolok 1 crimping 
press to the route. The press produces 20-22 units per hour so the wagons will hold two standard boxes 
that can hold 22 tanks in each. 24 boxes are needed for double wagon sets. In this way the boxes can 
always be filled at the service area in advance, and be ready to be loaded on the wagon train. 
 
Six wagons will be needed, one pair used at the press, another pair ready just outside the cell and the 
final pair ready to be filled up in the service area. All boxes are labelled with the reference numbers of 
the tanks. These labels are never switched between boxes to avoid complications. The wagons are also 
labelled but with tags that are changed between the wagons. When all the tanks in the cell have been 
used, the operator changes to the next pair. New labels are put on the empty wagons so the supply 
train operator knows what to get from the service area. One pair of wagons will be enough for two 
hours of production so the supply train needs to come by four times per shift.  
 
The next step is to have the tanks delivered from the manufacturer directly in the small boxes instead 
of on pallets. Less space would be needed in the service area and the work of repackaging the tanks 
would be eliminated. Smaller and more frequent deliveries could be achieved, with reduced inventory 
costs.  
 
The operator of the press will pick the tanks directly from the wagons. The design of the wagons 
requires a good height and angle for picking. The wagons are built on standard Valeo 600 by 400 mm 
rollers. The standard used for the wagons and boxes comes from Valeo 5 axes – Supply trains. 
Pictures of the built wagons in use can be seen in appendix 18. As the pictures show, the space gained 
in the cell makes it possible to improve the layout. 
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8.4.3 The remaining crimping stock 
Figure 17 below shows schematic layouts before and after the proposed move of the Lancia leak test 
station.  
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Figure 17. The left layout shows the crimping stock area before the Lancia test move and the right layout shows 
how it is supposed to look after the move. The characters below represent the load on each pallet/wagon. 
 
T   - Pallets/wagons with tanks 
L   - Product D cores 
A   - Product E cores 
LT  - CACs going to leak testing 
W  - Cores going to manual welding assembly 
E  - Empty wagons 
S  - Suspended goods lot 
X  - Misplaced items 
 
In the "before layout" all kinds of pallet load have been taken in account. In the "after layout" only the 
necessary wagon loads are described. The Nocolok 1 supervisor has approved the necessary loads in 
the latter layout.  

8.5 Implementation 
The whole concept to move the Lancia test and to supply the tanks to the Nocolok 1 crimping station 
with a wagon train was finished in the first week of March. The layout was approved and the "Request 
for change" form was signed. At the new location of the test, new lights and compressed air had to be 
installed. The person responsible for media installations promised to have this done basically every 
week from the beginning of March to June. It was called off several times due to other more high 
priority installations. The wagons to the train were built and complete with the small Valeo boxes. 
Unfortunately, the Nocolok 1 crimping station could never be added to the wagon train loop. At the 
service area, where the tanks were to be supplied from, there was no space available for either the 
tanks or the wagons. The supply of components for product A and product F needed to be 
implemented first and this would need all space that was available. The normal procedure is to first re-
pack the components from pallets to small boxes in the service area. Then, when the train loop is 
functioning well, the components can be ordered in small boxes directly from the manufacturer.  
 
To have the supply train loop working in a near future, the step with re-packing have to be skipped. 
The tanks must be supplied in small boxes from the manufacturer right away.
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9. Discussion 
This chapter provides information about the improvement suggestions, problems and sources of error.  
 
When working on the three assignments chosen at the beginning of the project, information have been 
carefully collected and analysed from many different perspectives. The improvement suggestions 
described, very much agree with the purpose and objective stated at the beginning of this paper. In the 
cases where layouts have been developed, the decision factors have been fulfilled to a great extent. 
Through the cooperation with the VPS manager and the person responsible for layouts, the Valeo 
standards have been followed where they are applicable at the Mjällby plant.   

9.1 Change-over times at brazing furnaces 
The initial objective to give recommendations for how to increase throughput of the brazing furnaces 
has been fulfilled to a great extent. The analysis performed earlier during the project has resulted in 
several step-by-step suggestions. Each of them is in accordance with the Valeo standard. These 
suggestions may work as a starting point when carrying out the real-life-implemention.  
 
It took several months to learn enough about all the different cores, their volumes and flows in the 
plant. Basic knowledge about the brazing process was needed as well, before constructive discussions 
about reducing the change-over time could take place. Different ideas for how to reduce the number of 
belt speeds have been discussed with the production planner and many were rejected before the ones 
in this report were found to be the best. The brazing process is very complex and affected by at least 
ten important factors. Currently, there is little work being done on scientific basis. When something is 
changed it is more or less based on trial and error. The recommended suggestions have been produced 
based on experience of the furnace operators and the production planner. Therefore, the suggestions 
for reducing the belt speeds appear to be possible to carry out, but they need to be tested and validated.   
 
The money that can be made on the different actions is based on shift reports during March. How well 
March represents an average month is difficult to say. Nothing indicates that any extraordinary events 
have taken place during the time period. The range and volumes for the products changes pretty much 
from the first month of a year to the last, so there is no month that is representative for the whole year. 
The impression is therefore that the data from March gives a rough but sufficient picture of the 
change-over times.  

9.2 FIFO stock 
The layout planning of a FIFO stock at the Stenhöj crimping press has resulted in a well-functioning 
storage area. The process of creating a layout that fulfils the needs of all concerned parties, has taken 
up several weeks. In order to collect as many opinions as possible, operators from several different 
shifts at the water leak test station have been talked to. Their opinions have sometimes had a great 
impact on the solution development. The personnel of the VPS department have also contributed to the 
development of the new layout. In the end all parties seem to have been satisfied, though. The layout 
alternative that was chosen for implementation got a high rating at the weighted factor evaluation and 
fulfils most decision criteria.  
 
The changed layout of the water leak test station next to the FIFO stock is not an optimal solution. 
More space for both empty racks and finished goods are available than is acceptable in the Valeo 
standard. The operations of the station will work like today on a smaller space though, so it is an 
improvement. The truck supplying the station don’t come in regular intervals so if the standards were 
met, the work at the station would be stopped often. The chosen solution is a good compromise 
between the operators’ experience of how it works at the plant today and how it should work by the 
book.   
 
The analysis of the input and output rates of the crimping stock clearly showed that peaks in 
production at times will cause a smaller chaos.  
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Discussion  

If the production scheduling can be improved within a near future the storage variations will be evened 
out. This will also make it possible to store fewer cores on each wagon and therefore make the work 
environment better.  

9.3 Manual welding stock 
The layout alternative chosen presents the best possible location for the manual welding stock. The 
storage organisation at the robot welding stock will also be improved.   
 
The number of different products that are manually welded can change in the future. It is possible that 
some product can be moved from the robot welding to some of the manual welding cells and then the 
area needed for the stock would increase. No such changes are planned today and the layout represents 
a good solution for now. 
 
The idea to use a wagon train for supplying the tanks to the Nocolok 1 crimping press releases much 
space in the work cell. It also makes it easier for the operator to place the wagons in a position where 
they can be easily reached.      
 
All personnel talked to, thought that the final concept of the manual welding stock was a good idea. 
Unfortunately, it never passed the implementation stage. In order to gain enough space for such a 
storage area, the tanks for the Nocolok 1 crimping press had to be supplied on wagons. There were 
two ways for accomplishing this. Either to have the tanks supplied from the service area, were other 
supply trains are loaded, or to have them supplied in small boxes directly from the manufacturer. At 
the beginning of the project the physical flow manager, responsible for the service area, did not think 
that this was going to be a problem. However, as the weeks went by it became more and more evident 
that this matter had a very low priority. At the end of the project, the announcement came that there 
was no space available at the service area. The purchase manager thought that it was a good idea to 
have the tanks supplied in small Valeo boxes directly from the manufacturer. Since the concerned 
products were about to be phased out, he thought it was a bad example to start with though.  
 
The impression from the beginning of this assignment was that the implementation would be done in 
about two months. Even though the products were about to be phased out it should be worth doing. 
The manual welding stock would still serve its purpose. The issue that has put this assignment on hold 
the most is waiting for information and decisions from involved personnel.
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Process mapping summary 
 
Date: 040204 
Products: Product A Radiator and CAC 
 
Added value    
Transport         
Control             
Storage           
 
Product A Radiator  Quantity Dist. (m) Time (s) Surf. (m2) 
FMC-Rad core builder   0  120  
   2   
  7   1.5 
   7   
  83   10 
   2   
  0   1.5 
   1.5   
Nocolok 3 brazing furnace   0  100  
   1.5   
  0   1.5 
   3   
  0   1.5 
   1.5   
Vaccum leak test   1  60  
   2   
  8   1.5 
   5   
  14   3 

   10   
Stenhöj crimping stock  56   10 
   10   
Stenhöj crimping press   1  210  
   2   
  4   1.5 
   1   
Leak test   1  180  
   5   
  112   25 
   8   
  1   1.5 
   1.5   
Product A module assembly   1  320  
   2   
Leak test    8  30  
   45   
Finished goods stock  157   85 
Total amount  454 110 1020 143.5 
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Product A CAC  Quantity Dist. (m) Time (s) Surf. (m2) 
FMC-CAC core builder   1  120  
   1.5   
  1   1.5 
   5   
  0   0 
   2   
  5   1.5 
   1.5   
Nocolok 4 brazing furnace   0  110  
   1   
  3   1.5 
   1.5   
  4   1.5 
   1   
Water leak test   1  150  
   1.5   
  5   1.5 
   5   
Robot welding stock  100   30 

   5   
  2   1.5 

   2   
Robot welding assembly   0  240  

   6   
Manual welding   1  220  

   4   
Water leak test   1  160  

   2   
  6   2 
   8   
  176   50 
   200   
  2   2 
   2.5   

Painting    37  72  
   27   
  80   20 
   190   
  8   2 
   4   
  3   2 
   1.5   

Module assembly   1  320  
   2   

Leak test    1  30  
   50   
Finished goods stock  60   40 
Total amount  498 524 1422 157 
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Product A Radiator 
From the process mapping summary the following data is collected. 
 
Total quantity:    454 units 
Total value adding time:  1020 s 
Finished goods stock:   157 units 
 
Hours of the week:  168 h, which is equal to 604800 s 
Weekly production time:  162.5 h or 585000 s 
Weekly delivery:              1500 units 
 
Based on the weekly production time and the weekly delivery, the rate of production is calculated. 
 

units
s

1500
585000

= 390 s/unit 

 
From the total value adding time, the rate of production and the WIP quantity, total quantity reduced 
by finished goods stock, the percentage of value adding time is calculated. 
 

])157454(/390[
1020

unitsunits
s
−⋅

= 0.0088  ⇒  Value adding time is 0.88 percent of the total time 

  
 
To calculate the lead time, hours of the week is used instead of weekly production time. 
 

units
s

1500
604800

= 403.2 s/unit  

 

s
unitsunits

3600
])157454(/2.403[ −⋅
≈ 33 hours  

 
Product A CAC 
From the process mapping summary the following data is collected. 
 
Total quantity:    498 units 
Total value adding time:  1422 s 
Finished goods stock:   60 units 
 
For the weekly production time and the weekly delivery the figures are the same as for product A 
radiator. Hence, the rate of production is also the same. Based on the process mapping input values, 
the percentage of value adding time is now calculated. 
 

])60498(/390[
1422

unitsunits
s
−⋅

= 0.0083  ⇒  Value adding time is 0.83 percent of the total time 

 
The lead time for product A CAC is: 
 

s
unitunits

3600
])60498(/2.403[ −⋅
≈ 49 hours   



Appendix 3 

Cores of the sold products during the first quarter of 2004 
 – Quantity brazed in Nocolok 3 and 4   

Product/Quantity Chart

0
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14000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Core reference

Q
ua

nt
ity

 Q
1

 Core 
reference 

Q1 
quantity 

1 100312944 11843 
2 100311341 11392 
3 100308796 5598 
4 100312945 5557 
5 100311363 5313 
6 100312341 4382 
7 100311557 4044 
8 100310707 3191 
9 100312502 2277 

10 100313217 2212 
11 100311938 2072 
12 100311516 1994 
13 100310693 1528 
14 100312380 996 
15 100308800 750 
16 100311570 631 
17 100310175 571 
 Core 
reference

Q1 
quantity

18 100307758 530 
19 100310029 497 
20 100310046 490 
21 100311812 423 
22 100312056 423 
23 57077370 361 
24 100312896 341 
25 100310903 318 
26 100312414 252 
27 100312626 247 
28 851632 184 
29 100307772 180 
30 100310385 178 
31 100310174 171 
32 100311313 161 
33 851633 99 
34 100310533 98 
 Core 
reference 

Q1 
quantity

35 100304589 97 
36 100310902 84 
37 100307755 79 
38 100311648 72 
39 100310176 66 
40 100305569 64 
41 100311073 48 
42 100311732 33 
43 100310905 30 
44 100307756 27 
45 100310398 18 
46 57077116 16 
47 849041 14 
48 100310171 12 
49 100310901 7 
50 57077151 7 
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Change-over times and belt speeds in Nocolok 3 and 4 
 

Nocolok 3  Nocolok 3 

Customer Reference 
mm 
per 
min 

Cores 
per h 

Change-
over 
time 
(min) 

 Customer Reference 
mm 
per 
min 

Cores 
per h 

Change-
over 
time 
(min) 

 100310174 600 22 77   100311578 780 34 59 
 100310175 600 22 77   100311648 780 49 59 
 100310226 600 22 77   100311525 780 43 59 
 100310176 600 24 77   100311534 780 43 59 
 100310533 600 31 77   100311542 780 55 59 
 100310398 600 26 77   100311745 780 49 59 
 100310171 600 30 77           
 100310172 600 30 77   100310901 830 47 56 
 100312056 600 18 77   100310902 830 47 56 
 100308796 600 20 77   100310903 830 47 56 
 100308800 600 18 77   100310905 830 47 56 
 100307758 600 37 77   100310906 830 47 56 
   600 30/34 77   100310904 830 47 56 
           100310029 830 39 56 
 100311557 700 25 66   57077039 830 52 56 
                   
 100311938 780 37 59   100310046 890 50 52 
 100312341 780 37 59           
 100312414 780 40 59   100312944 900 43 51 
 100311812 780 49 59   100312945 900 46 51 
 100312473 780 40 59   100310693 900 56 51 
 100312502 780 53 59   100310707 900 56 51 
 100311570 780 29 59   100310732 900 56 51 
 100312380 780 31 59           
 851632 780 42 59     950 43-55 49 
 851633 780 49 59            
 849041 780 37 59            
 100311073 780 34 59            
   780 45/49 59            
   780 37-45 59            
 97132561 780 32 59            
 100305569 780 49 59            
 100310385 780 53 59            
 100307755 780 52 59            
 100307756 780 62 59            
 100307772 780 55 59            
 100312896 780 52 59            
 100311313 780 36 59            
 100311341 780 32 59            
 100311363 780 34 59            
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Nocolok 4  Nocolok 4 

Customer Reference 
mm 
per 
min 

Cores 
per h 

Change-
over time 

(min) 
 

Customer Reference 
mm 
per 
min 

Cores 
per h 

Change-
over time 

(min) 

 100311501 550 17 94   100312414 1050 43 49 
           100311938 1050 54 49 
 100311975 660 36 78   100312341 1050 46 49 
           100311812 1050 74 49 
 100307758 750 45 69   100311363 1050 43 49 
 100308796 750 27 69   100311341 1050 40 49 
 100308800 750 23 69   100311570 1050 33 49 
 100310171 750 45 69   100311313 1050 43 49 
 100310172 750 45 69           
 100310174 750 23 69   100312380 1120 43 46 
 100310175 750 23 69   100310901 1120 61 46 
 100310226 750 23 69   100310902 1120 61 46 
 100310176 750 27 69   100310903 1120 61 46 
 100310398 750 27 69   100310905 1120 61 46 
 100310533 750 33 69   100310906 1120 61 46 
 100312626 750 29 69   100310904 1120 61 46 
 100312056 750 23 69   100310385 1120 58 46 
           100310707 1120 70 46 
 100311516 850 30 61   100310693 1120 70 46 
 100311557 850 30 61   100311732 1120 74 46 
           100310029 1120 53 46 
 100312284 950 63 54   100311737 1120 67 46 
 100312074 950 51 54           
           100310046 1150 65 45 
 100312502 1050 60 49            
 100307755 1050 90 49            
 100307756 1050 90 49            
 100307772 1050 90 49            
 100312896 1050 90 49            
 97132561 1050 38 49            
 100305569 1050 60 49            
 100311073 1050 38 49            
 100311648 1050 43 49            
 100311525 1050 63 49            
 100311534 1050 63 49            
 100311542 1050 63 49            
 100311745 1050 63 49            
 100311578 1050 43 49            
 



Appendix 5 
Page 1(4)  

Brazing sequence from 2004-03-01 to 2004-03-28 
Nocolok 3 Nocolok 4 

Reference Amount 
Units 
per 

hour

Belt 
speed 
(mm 
per 

min) 

Change-
over time 

(min) 

Time won 
by 

reduced 
change-

over 
(Cesium 

excl.) 

Reference Amount
Units
per 

hour

Belt 
speed 
(mm 
per 

min) 

Change-
over time 

(min) 

Time 
won by 
reduced 
change-

over 

Week 10 Week 10 
100311557 44 23 700 66 26 100311516 37 29 850 61 21 
100307755 30 48 780 59 23 100312074 38 48 950 54 19 
100307756 40 57 780 12 0 100310707 141 64 1120 46 16 
100312502 45 51 780 12 0 100310693 2 64 1120 12 0 

851632 40 40 780 12 0 100311570 30 32 1050 49 17 
851633 15 47 780 12 0 100311341 223 38 1050 12 0 

100312944 117 41 900 51 20 100312074 48 48 950 54 19 
57077370 10 55 950 49 19 100310046 59 60 1150 45 16 

100312960 20 42 950 12 0 100310905 5 56 1120 46 16 
100312502 65 51 780 59 23 100310693 142 64 1120 12 0 
100307756 40 57 780 12 0 100310226 31 23 750 69 24 
100312944 169 41 900 51 20 100311341 136 38 1050 49 17 
100310226 16 22 600 77 30 100311516 91 29 850 61 21 
100312944 60 41 900 51 20 100311975 40 33 660 78 27 
100312502 30 51 780 59 23 100312380 41 41 1120 46 16 
100312341 45 34 780 12 0 100311341 160 38 1050 49 17 
100312944 60 41 900 51 20 100311363 181 41 1050 12 0 
57077370 12 55 950 49 19 100308800 60 23 750 69 24 

100311557 50 23 700 66 26 100308796 143 26 750 12 0 
100307758 51 34 600 77 30 100312380 41 41 1120 46 16 
100310226 17 22 600 12 0 100311516 60 29 850 61 21 
100310385 103 51 780 59 23 100311341 242 38 1050 49 17 
100311525 18 40 780 12 0 100311570 31 32 1050 12 0 
100311534 15 40 780 12 0 100311363 175 41 1050 12 0 
100311938 26 34 780 12 0 100310046 71 60 1150 45 16 
100310226 17 22 600 77 30 100312380 8 41 1120 46 16 
100312341 119 34 780 59 23 100310903 47 56 1120 12 0 
100312944 176 41 900 51 20 100310902 73 56 1120 12 0 
100307758 8 34 600 77 30 100308796 140 26 750 69 24 
100312945 201 46 900 51 20 100310707 144 64 1120 46 16 
100311557 20 23 700 66 26 100310693 1 64 1120 12 0 
100311938 81 34 780 59 23 100310905 51 56 1120 12 0 
100312896 19 48 780 12 0 100310901 15 56 1120 12 0 
100311557 10 23 700 66 26 100311341 44 38 1050 49 17 
100312341 120 34 780 59 23 100311501 27 17 550 94 33 
100312944 201 41 900 51 20 100311975 41 33 660 78 27 
100311557 60 23 700 66 26 100311341 124 38 1050 49 17 
100312945 181 46 900 51 20 100311557 20 29 850 61 21 
100310226 44 22 600 77 30 100308796 124 26 750 69 24 
100312944 225 41 900 51 20 100312380 40 41 1120 46 16 
57077116 58 55 950 49 19 100311341 240 38 1050 49 17 
57077458 14 55 950 12 0   
57077550 12 30 600 77 30   
57077530 8 34 600 12 0   
57077300 6 30 600 12 0   

100307758 5 34 600 12 0   
100312341 15 34 780 59 23   
100311557 130 23 700 66 26   
100312341 9 34 780 59 23   
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Week 11 Week 11 
100312341 128 34 780 59 23 100311570 17 32 1050 49 17 
100311938 92 34 780 12 0 100311363 135 41 1050 12 0 
100312945 150 46 900 51 20 100312074 28 48 950 54 19 
57077370 45 55 950 49 19 100311363 75 41 1050 49 17 

100312502 61 51 780 59 23 100312380 35 41 1120 46 16 
100311073 10 31 780 12 0 100310693 145 64 1120 12 0 
100311534 12 40 780 12 0 100310175 25 23 750 69 24 

851632 40 40 780 12 0 100310174 20 23 750 12 0 
100312944 140 41 900 51 20 100312056 42 23 750 12 0 
100311812 110 45 780 59 23 100308796 73 26 750 12 0 
100312944 152 41 900 51 20 100311557 51 29 850 61 21 
100312945 29 46 900 12 0 100308796 125 26 750 69 24 
100311557 80 23 700 66 26 100311570 29 32 1050 49 17 

851632 15 40 780 59 23 100312626 45 27 750 69 24 
100312341 97 34 780 12 0 100311516 17 29 850 61 21 
100311938 60 34 780 12 0 100311341 90 38 1050 49 17 
100312944 200 41 900 51 20 100305569 40 55 1050 12 0 
100310902 60 41 830 56 22 100311341 60 38 1050 12 0 
100310905 20 41 830 12 0 100313038 5 0 1050 12 0 
100311557 35 23 700 66 26 100312380 30 41 1120 46 16 
100311938 70 34 780 59 23 100310226 38 23 750 69 24 
100311557 36 23 700 66 26 100310175 30 23 750 12 0 
100312944 92 41 900 51 20 100312502 80 55 1050 49 17 
100312502 34 51 780 59 23 100305569 19 55 1050 12 0 
100312945 115 46 900 51 20 100311341 91 38 1050 12 0 
100307758 35 34 600 77 30 100308796 144 26 750 69 24 
100310226 20 22 600 12 0 100310707 143 64 1120 46 16 
100312944 207 41 900 51 20 100312380 15 41 1120 12 0 
100312944 105 41 900 12 0 100310029 31 43 1120 12 0 
100312341 140 34 780 59 23 100312074 20 48 950 54 19 
100311938 95 34 780 12 0 100311363 30 41 1050 49 17 
100311557 79 23 700 66 26 100311341 60 38 1050 12 0 
100305569 37 47 780 59 23 100311570 30 32 1050 12 0 
100312945 195 46 900 51 20 100311341 31 38 1050 12 0 
100312944 60 41 900 12 0 100311363 90 41 1050 12 0 
100311557 38 23 700 66 26 100310046 35 60 1150 45 16 
100305569 23 47 780 59 23 100311975 39 33 660 78 27 
100307772 17 53 780 12 0 100311516 39 29 850 61 21 
100312944 180 41 900 51 20 100311341 60 38 1050 49 17 
100312945 30 46 900 12 0 100310693 70 64 1120 46 16 
100311557 119 23 700 66 26 100311516 53 29 850 61 21 

   100311341 83 38 1050 49 17 
   100311363 40 41 1050 12 0 
   100310707 73 64 1120 46 16 
   100312380 30 41 1120 12 0 
   100308800 64 23 750 69 24 
   100311570 30 32 1050 49 17 
   100311341 80 38 1050 12 0 
   100308796 77 26 750 69 24 
   100311313 31 41 1050 49 17 
   100311341 165 38 1050 12 0 
   100311516 80 29 850 61 21 
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Week 12 Week 12 
100304589 5 28 600 77 30 100311501 38 17 550 94 33 
100312944 134 41 900 51 20 100311363 60 41 1050 49 17 
100304589 22 28 600 77 30 100311363 75 41 1050 12 0 
100312944 77 41 900 51 20 100310707 140 64 1120 46 16 
100312341 186 34 780 59 23 100310029 40 43 1120 12 0 
100307756 45 57 780 12 0 100308796 120 26 750 69 24 
100307772 38 53 780 12 0 100312056 42 23 750 12 0 
100312502 88 51 780 12 0 100310226 40 23 750 12 0 
100305569 62 47 780 12 0 100310175 14 23 750 12 0 
100311938 56 34 780 12 0 100311341 45 38 1050 49 17 
100312944 154 41 900 51 20 100311341 67 38 1050 12 0 
100312945 187 46 900 12 0 100311363 105 41 1050 12 0 

851632 59 40 780 59 23 100311570 30 32 1050 12 0 
100311938 61 34 780 12 0 100310046 42 60 1150 45 16 
100310174 20 22 600 77 30 100311313 37 41 1050 49 17 
100312945 59 46 900 51 20 100310029 11 43 1120 46 16 
100312944 29 41 900 12 0 100311341 102 38 1050 49 17 
100310693 23 51 900 12 0 100311363 140 41 1050 12 0 
100311557 135 23 700 66 26 100310029 15 43 1120 46 16 
100312341 83 34 780 59 23 100312380 39 41 1120 12 0 
100312414 38 37 780 12 0 100310693 120 64 1120 12 0 
100312945 65 46 900 51 20 100311516 80 29 850 61 21 
100312944 142 41 900 12 0 100310175 26 23 750 69 24 

851633 20 47 780 59 23 100308796 105 26 750 12 0 
100305569 20 47 780 12 0 100310175 25 23 750 12 0 
100312502 100 51 780 12 0 100311975 45 33 660 78 27 
100310385 23 51 780 12 0 100308796 105 26 750 69 24 
100312341 115 34 780 12 0 100311341 208 38 1050 49 17 
100312944 90 41 900 51 20 100310902 65 56 1120 46 16 
100312945 120 46 900 12 0 100310903 40 56 1120 12 0 
100312944 18 41 900 12 0 100312074 46 48 950 54 19 
100312953 20 56 950 49 19 100311516 79 29 850 61 21 
100312960 20 42 950 12 0 100311363 180 41 1050 49 17 
100312944 233 41 900 51 20 100311341 176 38 1050 12 0 
100312945 90 46 900 12 0 100310029 57 43 1120 46 16 
100311938 120 34 780 59 23 100311341 60 38 1050 49 17 
100311557 51 23 700 66 26 100312380 28 41 1120 46 16 
57077370 46 55 950 49 19 100310029 20 43 1120 12 0 
57077340 36 45 950 12 0 100310707 141 64 1120 12 0 
57077190 11 50 950 12 0 100308796 171 26 750 69 24 
57077567 3 50 950 12 0 100308800 40 23 750 12 0 

100312944 244 41 900 51 20 100311975 47 33 660 78 27 
100310226 32 22 600 77 30 100311341 277 38 1050 49 17 
100307758 42 34 600 12 0 100308796 127 26 750 69 24 
100304589 33 28 600 12 0   
100312341 178 34 780 59 23   
100312945 147 46 900 51 20   
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Week 13      Week 13      
100312944 100 41 900 51 20 100311516 88 29 850 61 21 

851632 38 40 780 59 23 100311557 63 29 850 12 0 
100311648 38 48 780 12 0 100310046 60 60 1150 45 16 
100312944 252 41 900 51 20 100311363 120 41 1050 49 17 
100310176 8 24 600 77 30 100311570 30 32 1050 12 0 
100310226 39 22 600 12 0 100311501 47 17 550 94 33 
100312056 18 18 600 12 0 100311341 279 38 1050 49 17 
100312944 117 41 900 51 20 100308796 105 26 750 69 24 
100313231 5 54 780 59 23 100312074 24 48 950 54 19 
100312414 34 37 780 12 0 100312380 37 41 1120 46 16 
100312896 27 48 780 12 0 100310902 79 56 1120 12 0 
100312414 13 37 780 12 0 100310903 40 56 1120 12 0 
57077116 58 55 950 49 19 100310905 33 56 1120 12 0 
57077370 45 55 950 12 0 100310693 74 64 1120 12 0 

100311938 125 34 780 59 23 100310707 77 64 1120 12 0 
100305569 40 47 780 12 0 100311363 162 41 1050 49 17 
100310385 18 51 780 12 0 100311341 170 38 1050 12 0 
100312945 112 46 900 51 20 100312074 42 48 950 54 19 
100312944 15 41 900 12 0 100308796 135 26 750 69 24 
100310174 21 22 600 77 30 100308800 61 23 750 12 0 
100310175 73 22 600 12 0 100311516 32 29 850 61 21 
100310226 16 22 600 12 0 100311975 50 33 660 78 27 
100307758 51 34 600 12 0 100311732 30 67 1120 46 16 

851632 22 40 780 59 23 100310707 115 64 1120 12 0 
851633 10 47 780 12 0 100310029 36 43 1120 12 0 

100312945 75 46 900 51 20 100311341 105 38 1050 49 17 
100312944 45 41 900 12 0 100311570 38 32 1050 12 0 
100312341 161 34 780 59 23 100312502 30 55 1050 12 0 
100305569 7 47 780 12 0 100311341 138 38 1050 12 0 
100312944 222 41 900 51 20 100312380 40 41 1120 46 16 

851632 37 40 780 59 23 100311363 120 41 1050 49 17 
100304589 33 28 600 77 30 100311341 45 38 1050 12 0 
100312944 88 41 900 51 20 100311975 38 33 660 78 27 
100312944 145 41 900 12 0 100312380 37 41 1120 46 16 
100311938 58 34 780 59 23 100311516 23 29 850 61 21 
100312341 124 34 780 12 0 100308796 90 26 750 69 24 
100312502 70 51 780 12 0 100312056 42 23 750 12 0 
100307756 60 57 780 12 0 100308796 26 26 750 12 0 
100310226 39 22 600 77 30 100311516 30 29 850 61 21 
100312945 90 46 900 51 20 100311341 138 38 1050 49 17 
100312944 320 41 900 12 0 100312626 41 27 750 69 24 
100312945 15 46 900 12 0 100311516 29 29 850 61 21 

      100308796 90 26 750 69 24 
      100311341 135 38 1050 49 17 
      100311570 13 32 1050 12 0 
      100311501 38 17 550 94 33 
      100311341 104 38 1050 49 17 

 



Appendix 6 

Capacity constraint detection method 
 
To clarify wether Nocolok 3 and 4, the robot welding assembly or both are capacity constraints of the 
manufacturing process the method described was used. First the average active duration for the 
brazing furnaces (Nocolok 3 and 4) and the robot welding assembly are calculated. The input values 
for this calculation has been collected from a study of shift reports. The standard deviation is 
calculated with formula 1 and the confidence interval with formula 2. A T-distribution is used instead 
of a normal distribution when there is less then 30 observations, as for the furnaces in this case. When 
there is more observations, as for the welding, the T-distribution is equal to the normal distribution. 
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Furnaces 
 

Welding 

Average length of active periods (a) 113.4 9.6 

Number of active periods (n) 8 90 

Standard deviation (σ) 107.3 9.61 

  

T-distribution 95% tα/2 2.306 1.96 

Confidence interval 87.5 1.99 

Max 200.9 11.6 

Min 25.9 7.61 
 



 
 

Kanban prerequisites 
 

Valeo 5 axes criteria Today's status at Mjällby On-going projects Future requirements 

Production must be smoothed through 
the SIOP and MPS. 

This is currently being done. - - 

Each finished reference's load 
levelling stock must absorb customer 
demand variations. 

Almost no stock of finished 
references. 

Stock building during summer 
vacation. Plan for end of line storage 
of radiators and CACs. 

Finished end of line stock of all 
references. Require a lot of space. 

Processes must be stable (<20% 
variability unanticipated events etc.). 

The brazing process is not stable 
enough due to quality problems, 
especially in Nocolok 4. 

QRQC activities to eliminate quality 
problems. 

Continue with QRQC. 

Maximum change-over time <20 
minutes. 

Average change-over time 40 
minutes. Maximum 90 minutes. 

No. Less belt speeds. Optimized 
sequences. Running cores through the 
flux station during change-over to 
gain time. 

Each item must be produced at least 
once per day. 

Only the highest volume product, 
product A, is produced once a day. 

Life time batches of low volume 
products. 

Reduced batch sizes. Separate high 
and low volume products in two 
different processes and implement 
kanban on the high volumes. 

A small train must supply parts at 
regular intervals. 

Most parts are transported on pallets 
with forklifts. 

On-going projects to supply items by 
train. 

All products must be stored on 
wagons. 

Resources must have spare capacity. No spare capacity at all in the main 
brazing furnaces. 

No. Depending on the amount of 
incoming orders. 
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Appendix 8 

Current Stenhöj layout 
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  Appendix 9 
   

Decision factors - FIFO stock 
Down below are the criteria considered as the most important, when designing the future FIFO stock 
at the Stenhöj crimping press. 

 
Layout 
1. The new layout should fit with the long-term master layout plan 
2. The new stock layout should be easy to implement. Machines with a high workload should not be 

shut down for more than two days  
3. The layout must allow easy return of wagons 
4. The surrounding operations in the area should not be effected in a negative way by the stock 

location.  
 
Process flow 
5. No crossing flows of products or materials should exist 
6. Flows of semi-manufactured products between operations should agree with the main process 

flow 
 
Material handling 
7. Time consumed by material handling should shorter than today 
8. Feeding the stock should be easy. The beginning of the stock should be close to the workstation 

supplying it, the Nocolok 3 leak test. 
9. Emptying the stock should be easy. The end of the stock should be close to the Stenhöj crimping 

press.  
 
Stock organisation 
10. The stock should be in FIFO 
11. Stock organisation should be easy to maintain 
12. The stock should be able to hold 35 wagons 
13. The content of the stock should be easy to overview 
14. The stock should have at least 8 rows. 
 
Economy 
15. Payoff for the new stock layout should be less than one year 
 
Ergonomics/safety 
16. Transportation of coolers across truck aisles should be minimized 
17. The wagons should allow easy movement when fully loaded and they should manage weights up 

to 120 kilos. The wagons should also be provided with good handles at a height of 1.1 meter.  
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One-group layout 
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Two-group layout 
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Appendix 12 

Weighted factor evaluation – FIFO stock 
 
The evaluation factors correspond to the decision factors listed in appendix 9. 
 
Evaluation scale 1=None of the requirement is fulfilled, 2=The requirement is partly fulfilled, 3=The  
requirement is acceptably fulfilled, 4=The requirement is completely fulfilled. 
The evaluation factors receiving the highest weight percentage are considered as the most important. 

One-group layout Two-group layout
Evaluation factors Weight 

percent
Ratings Weighted 

ratings Ratings Weighted 
ratings 

Layout  
The new layout should fit with the long-term master 
layout plan 4% 4 0.16 3 0.12 

The new stock layout should be easy to implement 3% 3 0.09 4 0.12 

The layout must allow easy return of wagons 6% 3 0.18 3 0.18 

Surrounding operations should not be effected in a 
negative way by the new stock location 15% 3 0.45 3 0.45 

Process flow   0  0 
No crossing flows of products or materials should 
exist  3% 3 0.09 2 0.06 

Flows of semi-manufactured products between 
operations should agree with the main process flow 5% 3 0.15 2 0.1 

Material handling    0  0 
Time consumed by material handling should be 
shorter than today 7% 4 0.28 3 0.21 

Feeding the stock should be easy 7% 4 0.28 3 0.21 

Emptying the stock should be easy 6% 3 0.18 4 0.24 

Stock organisation   0  0 

The stock should be in FIFO 8% 4 0.32 3 0.24 

Stock organisation should be easy to maintain 8% 4 0.32 3 0.24 

The stock should be able to hold 35 wagons 6% 3 0.18 3 0.18 

The content of the stock should be easy to overview 8% 4 0.32 3 0.24 

Economy   0  0 
Payoff for the new stock layout should be less than 
one year  10% 3 0.3 3 0.3 

Safety   0  0 
Transportation of coolers across truck aisles should 
be minimized 4% 3 0.12 2 0.08 

Total rating 100%  3.42  2.97 
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Current layout at Nocolok 1 
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  Appendix 14 

Decision factors – manual welding stock 
Here are the criteria that are considered as the most important when creating the manual welding 
stock. To some extent they are based on today's problem areas.  

 
Layout 
1. The new layout should fit with the long-term master layout plan 
2. The new stock layout should be easy to implement 
3. The surrounding operations in the area should not be effected in a negative way by the new stock 

location 
4. The new stock should be close to the manual welding cells 
 
Process flow 
5. No crossing flows of products or materials should exist 
6. Flows of semi-manufactured products between operations should  agree with the main process 

flow 
 
Material handling 
7. Time consumed by material handling should not be longer than today 
 
Stock organisation 
8. The stock should be in FIFO. If not possible, only one wagon should have to be moved to access 

any other wagon 
9. All coolers should be stored on wagons 
10. The stock should allow 15 lots for wagons 
 
Economy 
11. Payoff for the new stock layout should be less than one year 
 
Safety 
12. Transportation of coolers across truck aisles should be minimized 
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Lancia layout  
 

Noc1 crimping press 

   Noc1 stock 

Manual welding stock 

M
an

ua
l w

el
di

ng
 c

el
ls

 

 
 
QRQC 

Noc1 

VME 

Lancia 

 



Appendix 16 
 

VME Layout 
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Weighted factor evaluation – manual welding stock 
 
The evaluation factors correspond to the decision factors listed in appendix 14. 
 
Evaluation scale 1=None of the requirement is fulfilled, 2=The requirement is partly fulfilled, 3=The  
requirement is acceptably fulfilled, 4=The requirement is completely fulfilled. 
The evaluation factors receiving the highest weight percentage are considered as the most important. 

Lancia layout  VME layout  
Evaluation factors Weight 

percent
Ratings Weighted 

ratings Ratings Weighted 
ratings 

Layout   
The new layout should fit with the long-term master 
layout plan 6% 3 0.18 2 0.12 

The new stock layout should be easy to implement 6% 4 0.24 2 0.12 

Surrounding operations should not be effected in a 
negative way by the new stock location 12% 4 0.48 2 0.24 

The new stock should be close to the manual welding 
cells 12% 4 0.48 3 0.36 

Process flow   0  0 

No crossing flows of products or materials should exist  6% 3 0.18 2 0.12 

Flows of semi-manufactured products between 
operations should  agree with the main process flow 6% 3 0.18 3 0.18 

Material handling    0  0 
Time consumed by material handling should not be 
longer than today 7% 3 0.21 3 0.21 

Stock organisation   0  0 
The stock should be in FIFO. If not possible, only one 
wagon should have to be moved to access any other  8% 3 0.24 4 0.32 

All coolers should be stored on wagons 9% 3 0.27 3 0.27 

The stock should allow 15 lots for wagons 10% 3 0.3 4 0.4 

Economy   0  0 
Payoff for the new stock layout should be less than one 
year  12% 4 0.48 4 0.48 

Safety   0  0 
Transportation of coolers across truck aisles should be 
minimized 6% 4 0.24 2 0.12 

Total rating 100%  3.48  2.94 
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Tanks supplied on wagons 
Nocolok 1 crimping press as it 
looks today. The tanks are 
picked from pallets.
 
 

 
Nocolok 1 crimping press with
the tanks supplied in boxes on 
wagons. Notice how much 
space is gained in the 
production cell. 
 
The supply train pulling two
wagons with tanks.
 
 
 




