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Summary	

This report summarizes the methods of performance and results of a project 
within production optimizing. The background to the project is the question 
whether it is possible to improve a current processing line of creasing plates 
to cut lead time by at least 5 days and if possible making the production 
more profitable. To get a better understanding of the process a value stream 
mapping is performed on the production. The data collected is then used to 
estimate production data for a whole year based on prior order data and 
calculated specific product factors. The initiator to the project is Tetra Pak 
Creasing in Lund who is looking at different new ways to enhance their 
current production processes of creasing tools. The main scope is to reduce 
processing time, waste and cost while maintaining or even improving the 
quality of the tools. All tests have been performed at Ferrmek in 
Simrishamn which is the main supplier of semi-finished creasing plates. 	
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1 Introduction	

1.1 Background	

My name is Andreas Eriksson and I am the author of this thesis which is the 
last part of my education. I have studied Master in Mechanical Engineering 
with a specialization within production management. 
  
This paper will describe my work with analyze of a sub-contractor 
production chain for Tetra Pak. The part of Tetra Pak I have been analyzing 
is the part responsible for creasing plates, which is a tool used in the printing 
presses at Tetra Pak converting factories around the world. The tool makes a 
crease in the packaging material to allow the filling machines to work 
properly. 
    
The thesis was at first intended to include a complete analyses of the whole 
chain consisting of Uddeholms, KMV, Ferrmek, Brukens and in some part, 
Tetra Pak Creasing. However, the thesis ended up containing a much deeper 
analyze of the mechanical work chop Ferrmek and only briefly about 
Uddeholms and KMV. The reasons to this is mainly the much larger analyze 
of Ferrmek and a sudden change from KMV to a new subcontractor within 
the Uddeholms AB. 
 
This thesis will show a deep analyze of costs and problems within the 
production process of creasing plates and will compare the current process 
to other possible processing methods.  
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2 Tetra	Pak	

2.1 Introducing	Tetra	Pak		

Tetra Pak is the world’s largest food processing and packaging solution 
company. They offers their customers complete solutions from the 
processing of liquid foods to filled packages ready to be put on shelf in 
stores. Tetra Pak packages is available in more than 170 countries and every 
year more than 160 billion packages or 70 billion liter of food or beverages 
are produced. 
 
The main business is the sales of packaging material and there are 42 
converting factories around the world producing the material. [6] 

2.2 Tetra	Pak	Creasing		

There are two manufactures producing creasing plates, one in Lund and one 
in Germany. Tetra Pak Creasing in Lund is the main producer. The creasing 
plates are used to make a crease in the packaging material to make it fold 
properly in the filling machine. [4]      

2.3 The	Supply	Chain	

The material used to manufacture the tool is steel called Sverker 21 which is 
delivered by Uddeholms. The tools have a shape of a plate with a radius to 
fit on rollers inside the printing press. To accomplish the radius of the plate, 
Uddeholms produces steel shafts in lengths of two meter long rods which 
they drill making a tube. The tube are then cut up to smaller pieces and 
annealed to relief tension introduced during drilling. Finally the inner side 
of the tubes is lathed to the correct thickness of the tube shell. 
 
After this step the base material of the plates are ready and the tubes are sent 
to Ferrmek where the tubes are cut up into plates. These plates are milled, 
hardened and finally grinded to the correct thickness and shape before sent 
to Tetra Pak where the creasing pattern is scintillated into the surface of the 
plate. [4] [5]        
 
 
 
 
 



 
A	Study	in	the	Production	of	Creasing	Plates	

 

8 
 

 
 
2.4 Order	handling	

There are three types of orders handled by Tetra Pak Creasing in Lund. 
Orders regarding spare parts, orders regarding the production of new 
creasing installations and orders regarding development work of new 
packages. There are an agreement that Tetra Pak Creasing should have one 
order every second week to maintain a continually production without 
disruptions.  
 
Normally the easiest orders to plan are the one for new creasing 
installations. They are easy to forecast and is always in batches of a 
complete turn of plates. Spare parts and plates for development work is 
more difficult to plan, since they are impossible to forecast and sometimes 
ordered in incomplete batches. Orders regarding new developed packages 
are also often very urgent and pushed thru with authorization from higher 
position in the organization which also create a disturbance of the strive for 
an stable production flow.  
 
To facilitate the order handling a new order system has been introduced and 
is still relative new for all involved. The system helps with both planning 
and placing orders. When an order is placed all involved suppliers receives 
an email containing information about order details, delivery and receiving 
dates. A fax is also sent as a confirmation of the order. To help the order 
planer set a correct receiving date to Tetra Pak in Lund, an in house 
developed Excel planning tool for the EMD machines is used. The order 
planer at Tetra Pak always strives to maintain full production on the EMD 
machines all hours of the day. The supplier then complies with this 
planning. [5] 
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3 Purpose	and	Delimitations	

3.1 Introducing	the	Case	

The case presented was to perform a Value Stream Mapping on the current 
production chain to gain a better picture of where there are problems and 
how big these problems are. The second step was to try to find changes or 
different methods to make the process easier and faster than today. [4]     

3.2 Purpose	and	Goals	

3.2.1 Lead	time	

The lead time is today about 8 weeks from order to delivery. Tetra Pak 
Creasing delivers about half of the creasing plates to Examec which is a 
subcontractor to Tetra Pak assembling new creasing stations tools. The other 
half is spare part orders from existing processing lines. Tetra Pak Creasing 
is experiencing an increasing demand of shorter lead times due to shorter 
lead times in the assembling of new creasing stations. Therefore a reduction 
of 5 days in lead time would be a desirable goal. [4]  
 
3.2.2 Flexibility	

The long lead time doesn’t only results in long waiting time for finished 
goods. It also makes the process very inflexible and vulnerable since it’s 
very difficult to produce a new plate if something happened during the 
production process. This has evoked a rigorous controlling process where 
every plate is measured many times along the production chain just to make 
sure nothing goes wrong. The plates are manufactured from tubes where one 
tube is one turn on a roller in the Creasing station. Since there are many 
different plates of different wideness and with different radius it’s critical 
that all plate from a tube get properly manufactured to be able to deliver a 
complete order. If something happens in the late stages of the process, it can 
take up to seven weeks to get a new plate ready to complete the order. [4]             
 
3.2.3 Cost	

Tetra Pak is always reviewing new ways to cut costs and therefore this is 
also a desirable goal with this analyze. [4]  
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3.3 Delimitations	

The case is limited to an analysis of the production at Ferrmek. Primary the 
whole supply chain where to be analyzed, but since the project developed 
into a deeper analysis of the production at Ferrmek, some limitations had to 
be made to be able to finish in time. Data from other suppliers needed to 
complete the analyze is collected by simply asking the suppliers or by using 
the data already stored at Tetra Pak.   
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4 Theoretical	Framework	and	Methods	

4.1 Lean	Production	

Lean Production is a production methodology first introduced by Toyota 
(the Toyota Production System, TPS). The methodology is built on the idea 
of reducing all waste in the process and focusing the organization on 
creating value for the end costumer. This method has shown very successful 
and is now one of the leading methodologies in all kind of companies, large 
and small. When working with Lean Production there is different tools that 
can be applied to help facilitate the work. The tools can be applied to all 
kind of processes and organizations and the one used in this analyze is 
mentioned in this section. [1] [3]   

4.1.1 Value	Stream	Mapping	

One of the main ideas in Lean Production is the idea that all waste within 
the organization must be identified and reduced. With this demand come 
many difficulties since it’s not always obvious for the people involved to be 
able to understand what type of processes that can be considered as waste. 
The Lean Production methodology states that everything not creating a 
value for the end costumer is considered as waste.  
 
To find this wastes Value Stream Mapping can be used as a analyze method 
of the process. The process is divided into smaller activities and the time it 
takes to perform them is measured. Every small activity is then examined 
and referred to as a value adding or not value adding activity. Every activity 
considered as not value adding is referred to as waste and should therefore 
be reduced. An example of a not value adding activity could be looking for 
a tool in 30 seconds, which is not at all value adding for the end costumer. 
But when the tool is found and a bolt is mounted on the part, the value for 
the costumer increases. Value Stream Mapping also helps the user to find 
small buffers in the productions used to cover different productions 
problems or cycle differentness. [1] [3]   
        
4.1.2 Just	In	Time	

Working without building large storages in the production and still being 
able to work with single part production puts very high demands on the 
control of ordering and delivering of raw material. Single part production 
demands that the correct parts need to arrive as close as possible to when 
they are going to be used. Therefore it’s very important not to build barriers 
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to suppliers and instead work to get a closer and open collaboration. In the 
car industry deliveries can be as much as up to a couple per day to prevent 
storage at the production area. The manufacture states that the goal is to 
have the storage on the roads in trucks on the way to a factory, instead of in 
large buildings waiting to be used. [1] [3]              
 
4.1.3 Pull	not	Push	

Another important part to attain a storage free production is to avoid 
production to storage and instead wait and produce only when an order is 
placed and there is a real demand. This is important as well as internal in the 
production where every station after the current, can be looked at as a 
costumer placing orders when needing a component. The Pull not Push 
system is facilitated if used with a Can Ban System where a tag is sent 
backwards I the production when a component is needed. The tag acts like a 
signal to the prior production station to start the production of a new part.  
[1] [3]            

4.1.4 Continues	Improvements	

Continues Improvements is one of the cornerstones in the Lean Production 
way of thinking and ensures the long term profits with this system. 
Continues Improvements is based on the idea that everyone working within 
the organization should have a strong willing to improve the way in how the 
organization works. And not just the way in how the production work but in 
how the whole organization work regardless of task or process. The way of 
how to improve should also be based in letting everyone in the organization 
to lift problems instead of making demands on that they should be solved. 
The most important is to reveal all problem hidden in the processes and then 
putting together special teams dedicated to quickly solving the problems. 
The employees working with the current process is successfully used in the 
process to attain a solution for the problem since they are involved with the 
process on a daily basis and best know what will be the best improvements. 
The employees if involved with the improvement also will feel a greater 
engagement and will therefore in the future be more anxious to improve 
their processes. [1] [3]  
         
4.1.5 SMED	

When working with machining or/and assembling, the way the parts that are 
to be machined or assembled is mounted while processed often makes a 
huge different. The time it takes to machine or assemble the parts can be 
seen as value adding time, even if there often is much to do to make it 



 
A	Study	in	the	Production	of	Creasing	Plates	

 

13 
 

shorter. The time for changing parts between the operations however always 
is seen as non-value adding activity, and should therefore always be 
eliminated. Obviously not all time for changing of parts can be eliminated, 
but the methodology of “SMED” which stands for Single Minute Exchange 
of Die, states that very often a change between two different parts or 
products in a machine or assembly line can be made within one minute. This 
is of course very depending of the current process, and a reachable goal for 
the process at Ferrmek is set to 10 minutes. [2]                  

4.2 Six	Sigma	

To insure a high repeatability it’s important to strive for and maintain a 
static process where the deviations are strictly random. All other factors due 
to manual handling, temperatures, wear and more that has an effect on the 
process must be identified and eliminated.  
 
The Six-Sigma method states that the standard deviation of every process 
step should be no larger than ±1/6 of the tolerance limits. This ensures no 
more than 3.4 errors per one million produced parts. To be able to obtain 
this without continues controlling and measuring every part, the effect of 
manual processing steps must be reduced or controlled by the use of fixtures 
and, or other tools to eliminate the chance of deviations due to manual 
handling. Six-Sigma is however considered quite strict and hard to reach, 
and four-Sigma is therefore a more common used quality level. Four-Sigma 
ensures not more than 6 210 defect parts of 1 million produced. [1]                       
 
 
 
 
 
 
 
 
 
 
5 The	Processing	chain	
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5.1 Uddeholms	

The manufacturing process of the creasing plates goes through three 
companies. Uddeholms is the first supplier in the chain and deliver the 
material in the form of two meter long rods. The rods are delivered to KMV 
who drills the rods into tubes. The third company is Ferrmek who processes 
the tubes into plates and uses Brukens to provide the hardening process. The 
last step in the chain is processed in house at Tetra Pak Creasing, before the 
plates are finish and sent to end customer. [4]                  
 
5.2 KMV	

The manufacturing of tubes is done by drilling 2 meter long rods into thin 
shelved tubes with the diameter required to make the creasing plate fit on 
the rolls in the creasing station inside the printing press. Tetra Pak offers a 
wide range of different packages and the variety of creasing patterns are 
therefore large and requires many different tube diameters. The tubes are cut 
into smaller tubes and then lathed both inside and outside. Finally the tubes 
are stress relieved to prevent large deformations during hardening later 
down the process. [4]                  

	
 
5.3 Ferrmek	
 
Order	handling	

Orders are sent to Ferrmek mostly by fax which also is complemented by an 
email containing delivery dates when the plates are expected to arrive at 
Tetra Pak Creasing in Lund and when Ferrmek expect to receive the tubes 
from Uddeholms. Since the plates are sent to “Brukens” in Denmark for 
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hardening an order for this has to be created as well. This is handled 
completely by Ferrmek. [4] [5]                  
      
Production	

The manufacturing of semi-finished creasing plates is done by milling the 
approximated crease pattern and various hole for mounting on the roll 
before finally cutting the tube into single plates. The plates are then 
hardened and finally grained to proper dimensions. [4]                  
 
5.4 Tetra	Pak	Creasing	
 
The final processing of the crease pattern is done in house at Tetra Pak 
Creasing in Lund. To obtain the final crease pattern, small edges and ducts 
are formed by electro discharge machining (EDM). Finally the plates are 
sandblasted to blunt sharp edges. [4]                    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6 Value	Stream	Mapping	Ferrmek	

To understand the process a Value Stream Mapping (VSM) analyze was 
performed at the production at Ferrmek.  
 
6.1 VSM	

The tubes are delivered to the inbound of Ferrmek where they are stored 
until usage. The tubes are then milled and cut into plates before they are 
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hardened. Since plates are sent to hardening only two times a week. A small 
buffer is built up and therefore seen as a small inventory. After hardening 
the same level of inventory is created when the plates are pending before the 
grinding operation. After grinding the plates are gathered to batches of about 
two whole tubes before they are shipped to Tetra Pak Creasing.  
The VSM is done by observing every step in the process from inbound to 
outbound. All activities are divided into main process activities and every 
main process activity is then divided into small single activities which is 
time measured.  
 
 
 
 
 
 
 
 
 
 
 
The main process activities are: 
 

- Milling 
- Hardening 
- Grinding 

 
 
 
 
 
6.1.1 Milling	

Ferrmek have one CNC-milling machine used for the production of creasing 
plates. If any problems, or in special cases, an older milling machine 
normally not in use can be used to support the existing production line. The 
ordinary machine is fully automatic and do not need any supervision during 
operations other for changing tools or tubes. However the operator always 
supervision the machine since it’s very difficult and expensive to get a new 
tube if the present tube somehow fails. The machine is operated only by one 
operator and the operator manages only this machine. The plate observed is 
a 330SQ female plate.   

Inbound Milling  Inventory Hardening 

Inventory  Grinding Outbound

Figure 1 Processing Chain at Ferrmek 
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Total time for the milling operation is 102.5 min for this precise plate. Other 
plates with different diameters require more or less time to finish depending 
on the shape. 
     
Female plates are always faster since these plates don’t have a creasing 
pattern that needs to be milled out and instead ducts which require less 
material to be removed than when making the male plates. But it’s only the 
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value adding activity that differs. The set up time and measure control time 
is the same for every type of plates. 
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6.1.2 Grinding	

The production line consists of four grinding machines operated by three 
operators. Two machines for inner grinding and two for outer grinding. 
 
One of each type is semi-automatic and need less supervision then the other 
two machines which are significantly older and need constant supervision 
not to fail. The centering of the fixture inside the machine finds special hard 
as it is done by manual chafing of the fixture mounting holes. The operator 
can only try its way to a centered fixture and this step in the change of 
fixture can therefore take all from 10 minutes to several hours.   
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6.1.3 Hardening	

The plates are sent to Brukens in Copenhagen for hardening. This process 
takes 5 working days and the plates are delivered for hardening two times 
per week, Tuesdays and Thursdays.   
 
6.1.4 Inventory	

Only the inbound area is dedicated to storage at Ferrmek, and that’s where 
the tubes are stored before they are to be milled. However when following 
the process down the production line there are more places found to be used 
as mini storage places or buffers. These storage places are pallets placed 
adjacent to the machines and functioning as small buffers before and after 
the processing step to even out the differential in processing speed between 
the stations. 
 
6.1.5 Control	and	Measurement	

Every part is measured several times by hand during each processing step to 
ensure that too much material isn’t removed. To control that the dimensions 
are within tolerances, two extra measure stations where more advanced 
equipment to measure the plates is used. These measures are then 
documented as proof of accuracy if problem occur when the plates are again 
measured at Tetra Pak. This because it has happened that Tetra Pak 
Creasing found some plates to be out of tolerance after EDM-process.    
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7 Estimation	of	one	year	Production		

To be able to fully describe the value adding activities at Ferrmek compared 
to non-valued activities, a three days observation is not enough. This since 
the data only should be covering a short period of time being insufficient to 
explain the process in full. The plates are very different in terms of 
processing time and some plates even have more processing steps then 
others. Derivations depending on what type of plate is as well causing 
problems and a very non stable processing flow.   
 
To unhide the actual value of all defects and problems during one year, the 
processing analyze in this report therefore goes much further using the VSM 
as a base and then by connecting relations and assumptions in the process 
calculating a cost estimation for every plate produced during the year 2011.       
 
7.1 Time	Estimation	of	production	during	2011	
 
7.1.1 Estimated	Milling	Time	

The milling process for a female plate of this type is 80 min. Since there 
were no male plates planned to be made, the time consumption for them was 
estimated by the operator to be 120 min.  
 

	 	 	 	 : TPA	330	SQ	 female  
201mm 

	 362,54mm 
	 	 80min 
	 	 120min 

 
To be able to estimate the time for different plates a time coefficient were 
calculated for both male and female plates.  
 

∅ ∗ ∗
																																																																												 1  

 
Where: 

	 	 	  
∅ 	 	  
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The coefficients for the milling process are: 
 

	 	 349,45	 min m⁄  

	 	 524,18	 min m⁄  
	
The required time to mill a tube is then calculated by using: 
 

∗ ∅ ∗ ∗ 																																																														 2  

 
The change of tube and controls of dimensions takes 
 

	 19min 
3,5min 

 
which together makes the total processing time: 
 

	 	 																																												 3   

 
 
7.1.2 Estimated	Grinding	Time	Inner	

The grinding processes are divided into two operations, inner and outer, 
where this describes the inner grinding process. 
The grinding process for a female plate of type TPA 330 SQ is 145 min and 
the inner grinding operation does not differ between male and female plates 
since the inner surface is the same regardless of plate type. The operator 
states that the machine normally starts 0,9-1mm from the target dimension.  
 

	 	 	 	 : 	330	 	  
201mm 

	 342,54mm 
	 	 150min 

 
To be able to estimate the time for different types of plates a time coefficient 
were calculated for both male and female plates.  
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∅ ∗ ∗
																																																																 4  

 
 
Where: 
 

	 	 	 	 	 	 	  
∅ 	 	 	  

	 	  
 
The coefficients for the grinding process are: 
 

	 	 693,48	 min m⁄  
	
The required time to grind the inside of a tube is then calculated by using: 
 

	 	 ∗ ∅ ∗ ∗ 																																						 5  

 
The change of tube and control of dimensions takes: 
 

	 	 5min per	tube 

	 1min 

	 	 1min 

	 	 1min 

	 0,5min 
	 0,5min 

	 	 number	of	plates	per	tube 
 

	 	 	 	 	 	 									 6  

	 	 	 	 	 								 
 
And together makes the total processing time: 
 

	 	 	 																																											 7  

 
If it’s a new order with a different type of tube, a change of fixture as well 
have to take place: 
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	 30min 
 

	 	 	 	 									 8  

 
	

7.1.3 Estimated	Grinding	Time	Outer	

The outer grinding process is dependent on if it’s a male or female plate 
being processed. For a female plate of type TPA 330 SQ it takes 145 min. 
Since there were no male plates planned to be made, the time consumption 
for them was estimated by the operator to be 20% less than female plates. 
The outer grinding process is also depending on the size of the plate due to 
deviations after hardening. The deviations drastically increase with sizes 
close to 1000ml plates and therefore a doubling of the processing time for 
these types of plates is made.   
 

	 	 	 	 : 	330	 	  
201mm 

	∅ 362,54mm 
	 	 	 145min 

 
To be able to estimate the time for different plates a time coefficient were 
calculated for both male and female plates.  
 

	 	
	 	

∅ ∗ ∗
																																																	 9  

 

	 	 	 	 	 ∗ 0,8																																							 10  

 
Where: 
 

	 	 	 	 	 	  
∅ 	 	 	  

	 	  
 
The coefficients for the grinding process are: 
 

	 	 633,38	 min m⁄  

	 	 506,71	 min m⁄  
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The required time to grind a tube is then be calculated by using: 
 

∗ ∅ ∗ ∗ 																																																							 11  

 
 
The change of tube and controls of dimensions takes: 
 

	 time	to	change	all	plates		 

	 	 number	of	plates	per	tube 

	 	 2,5min per	plate 

	 1min 

	 	 1min	per	plate 

	 	 10min per	tube 
 

	 	 	 ∗ 	 	 																																		 12  
	 	 	 	 	 	 								 
 

	 	 																																																																							 13  

 
Total processing time if not changing the fixture: 
 

	 	 																																							 14   

 
If it’s a different type of tube a change of fixture have to take place as well, 
which always takes different time since this is a process depending on the 
condition of the fixture and the ability of the operator to know where and 
how to chafe.  
 
Change of fixture: 

	 	 the	time	to	change	to	change	fixture 

	 	 3min 

	 	 	 2min 

	 	 	 5min 

	 	 1min 

	 	 0,5min 

	 	 0,5min 
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	 	 	 1min 

	 	 	 1min 
 

	 	 	 	 	 	 	 	 																 15  

	 	 	 	 	 	 	  

	 	 	 	 	 	 	 	  

Centering the fixture: 
	 	 2min 

	 	 3min 
2min 

	 	 3min 

	 	 2min 
number	of	chafing	operations 

 

	 	 	 	 	 	 	 	 

	 	 	 	 																																						 16  

 
Total processing time with change of fixture: 
 

	 	 	 	 			 17  

	 	 													 
 
	

7.1.4 Estimated	Inventory	Levels	

The inventory levels are estimated by using the estimated processing times 
together with the actual order data for the year 2011. The time the goods are 
waiting in inventory or in different buffers along the process is depending 
on the processing speed of the next machine. Therefore the estimated 
machine hours are used to calculate the estimated inventory time. Since the 
estimated machine time is a strictly theoretical value, the time doesn’t meet 
with the time extracted from the production plan which is the real time the 
material actual where at Ferrmek. The difference between these values 
assumes to be problems within the manufacturing of the plates and is 
therefore allocated to the processing operations which then have a direct 
effect on the time in inventory. The average amount of tubes or plates in 
inventory is then calculated by using: 
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	 theoretical	estimated	time	in	inventory 
	 total	theoretical	processing	time 

amount	of	plates	or	tubes	in	order 

	 theoretical	average	amount	of	plates	or	 
																											tubes	in	invetory 
 

	 	 																																																																																		 18  

 

	 2
																																																																																							 19  

 
To estimate the actual time in inventory the proportion of the actual time the 
gods were in inventory have to be estimated from the actual time the goods 
where at Ferrmek. This was done by calculating the total theoretical 
processing time and from this comparing the theoretical waiting time before 
and after every operation.  Allocation factors where then calculated by 
comparing the theoretical time in buffer before every operation to the total 
theoretical time in process at Ferrmek. Then by applying the theoretical 
allocation factors for every specific waiting event on the actual time at 
Ferrmek an estimation of how long the products actually where in inventory 
with care taken for the processing problems is retrieved.    
 

	 allocation	factor	per	buffer	/	inventory 
	 theoretical	time	per	buffer	/	inventory 
	 theoretical	total	inventory	time 

	 actual	total	time	at	Ferrmek 
	 actual	time	in	inventory 

 

	
	

	
																																																																					 20  

 

	 	 ∗ 	 																																												 21  

 
Since problems in the process sometimes can cause extra waiting time in 
some areas, this as well has to be taken into consideration when estimating 
the time in inventory. To do this the actual processing time is compared 
with the actual delivery time for the next order. If the order isn’t able to start 
directly the waiting time in inbound is directly added with this extra time 
and then not taken into account when calculating the other estimations. It is 
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also possible that the problem have been with a machine further down the 
processing line and therefore the gods in reality where buffered somewhere 
further down the process. But since it’s impossible to retrieve any 
information about where and when problems occurred or where in the 
production the gods where buffered during waiting, the extra time in 
inventory is chosen to affect only on the time in inbound. When analyzing 
the delivery data, only the arrival and delivery date where to be retrieved.       
 

	 processing	time	milling	operation	present	order  

_ extra	waiting	time	due	to	problems	in	production 

	 delivery	date	for	next	order 

	 start	processing	date	for	present	order 

	 Actual	time	in	inbound 
 

	 	 	 	 																										 22  

 

_ 	 		 	 	 0																																																																									 23  

_ 	0										 	 	 0																																																																																		 
 

	 	 	 _ 																																																					 24  

 
	

7.1.5 Estimated	Waste	

In this process there is not much waste in case of material or defect 
products, most likely due to all control of measure that is made several 
times during the process. However, controlling is as well a very time 
consuming activity and can therefore be considered as waste. To estimate 
the total waste, a comparison between actual and theoretical processing time 
is done. The theoretical time indicates the smallest theoretical processing 
time that could be obtained if all wastes where to be removed.  
 
To retrieve the smallest theoretical processing time all known waste is 
subtracted from the total estimated processing time:       
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	 	 	 	 																																													 25  

 
or  

 

	 	 	 	 	 																																			 26   

	 	 	 	 	 	 																																																		 27  
 
When observing the actual process only some waste factors can be located 
and many will still be hidden since no documentation of problems during 
the year is made. To revile the amount of hidden waste the theoretical 
minimal processing time is subtracted from the actual total processing time. 
The waste unable to be seen or estimated during the observation of the 
process will then be retrieved.   
 

	 	 	 	 	 	 																																																					 28  

 
Or 
 

	 	 	 	 	 	 																																																									 29  
 
To determine what kind of waste and how much the different types of waste 
contributes with. The data from the process observation can be used. 
Allocation factors is calculated for each waste and used to calculate the total 
waste from the actual processing time.     
 

	 	 	
	 	 	 	

	 	
																																																														 30  

 

7.1.6 Estimated	Lead	Time	

When calculating the lead time only working days are included. When 
inventories are mentioned and the costs are calculated, every day of the 
week is included since the interest applies for every day of the year. The 
lead time is depending on what type of plate that is manufactured with an 
average of 28 days per order. The lead time for the processing at Ferrmek is 
the same as total actual processing time.  
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	 	 	 																																																																																					 31  
 
7.2 Cost	Estimation	of	production	during	2011	

The costs are calculated based on the estimated processing and inventory 
times. The total costs for the year was calculated and then allocated on the 
different orders by allocation factors.  
 
7.2.1 Actual	Costs	Salaries	
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7.2.2 Actual	Costs	Material	

The tubes are bought from Uddeholms and to be able to calculate the cost 
the cost per one cubic meter material were calculated.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7.2.3 Actual	Costs	Service	

Service includes all type of services made on the machine over the year. 
Maintenance is made by the operators and is therefore already included in 
that cost. 
 
 
 
 
 



 
A	Study	in	the	Production	of	Creasing	Plates	

 

32 
 

 
 
7.2.4 Actual	Costs	Overhead	

The management of the creasing plate production is handled by two persons 
and is estimated to take about 20% of their time per year. The cost is shown 
earlier under salaries.  
 
 
 
 
 
	
 
7.2.5 Estimated	Costs	Milling	

By applying the different costs on to the estimated times for each processes 
the costs for the manufacturing of every type of creasing plate can be 
retrieved.   
 
Actual milling cost for the year 2011: 
 
 
 
 
 
 
 
 
 
Ferrmek have no depreciations left on their machines and therefore this is 
set to none. When calculating the estimated cost direct cost per hour is used:  
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	 		 	 	 																																	 32  

 

	
																																																																																		 33  

 

	 														 34  
∗  

 

	 	 																																																																						 35  

 
Total actual cost for milling 2011: 
 

1	806  
0  

	 	 	  

 
Waiting time due to problems related to Tetra Pak Creasing where during 
2011 about 15 percent of the total processing time. The salary cost is 
estimated to be reduced by this percentage since the operator where used in 
other orders during this time. The cost for machines however should stay 
unchanged since the machines where unused.  
 

1	806 ∗ 0,85 1	535,1  
	1	535,1 ∗ 272 417	547,2  

	 204	800 417	547 	 	  

 
Total estimated theoretical cost for milling: 
 

	 	 1	034,4  

	 1	034,4 ∗ 272 281	357  

	 	 204	800 281	357 	 	  
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Total estimated theoretical minimal cost for milling: 
 

	 	 	 841,7  

	 	 841,7 ∗ 272 228	942,4  

	 	 	 204	800 228	942,4
	 	 ,  

 
Total estimated theoretical minimal cost for milling with SMED: 
 

	 	 	 939,7  

	 	 939,7 ∗ 272 255	598,4  

	 	 	 204	800 255	598,4
	 	 ,  

 
7.2.6 Estimated	Costs	Hardening	

Actual hardening cost for the year 2011: 
 
 
 
 
 
 
 
 
 
 
The batch size is not static and can vary some due to variations in the 
process such as machine or delivery problems. However, the delivery to 
hardening is always carried out two times per week, Tuesdays and 
Thursdays’ with a total sum of 90 batches per year. 2011 where 514 tubes 
delivered and the average batch size is estimated to about 6 tubes per 
delivery.    
 
 
Cost per plate is: 

	 	  
Total cost hardening, year 2011 is: 
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	 	 	400 ∗ 514 ∗ 6 		  

 
7.2.7 Estimated	Costs	Grinding	

Actual grinding cost for the year 2011: 
 
 
 
 
 
 
 
 
 
 
 
Ferrmek have no depreciations left on their machines and therefore this is 
set to none. When calculating the estimated cost direct cost per hour is used:  
 
 
 
 
 
 
 
 
 
 
 
 

	 	 	 	 																													 36  

 

	
																																																																															 37  

 

	 												 38  
∗  
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	 	 																																																																	 39  

 
Total actual cost for grinding 2011: 
 

1	806  
260  

	 	 	 	               
[Appendix A] 
 
Waiting time due to problems related to Tetra Pak Creasing where during 
2011 about 15 percent of the total processing time. The salary cost is 
estimated to be reduced by this percentage since the operators where used in 
other orders during this time. The cost for machines however should stay 
unchanged since the machines where unused.  
 

1	806 ∗ 0,85 1	535,1  
	1	535,1 ∗ 272 ∗ 3 260 ∗ 312 1	333	761,6  

	 324	800 1	333	761,6  
																																																																																													 	 		 	  
[Appendix A] 
 
The production area for grinding consists of four grinding machines, two 
inner and two outer. Every type of plate (diameter) has its own fixture and 
can therefore only be processed in one machine at the time. The only 
exception is for the 1000ml plates where there are two fixtures available for 
each type of plate. When calculating the total process time for grinding, two 
parallel orders operated simultaneously have been the normal state.  
The 1000ml plates have to be processed two times in each machine and 
therefore the process times for them are calculated as twice the time.  
 
Total estimated theoretical cost for grinding: 
 

	 	 1	226  

	 1	226 ∗ 272 ∗ 3 1	000	416  

	 	 324	800 1	000	416  
																																																																																																 	 	  
[Appendix A] 
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Total estimated theoretical minimal cost for grinding: 
 

	 	 874  

	 874 ∗ 272 ∗ 3 713	184  

	 	 324	800 713	184  
																																																																																																 	 	  
[Appendix A] 
 
Total estimated theoretical minimal cost for grinding with SMED: 
 

	 	 	 972  

	 	 972 ∗ 272 ∗ 3 793	152  

	 	 	 324	800 793	152  
																																																																																																 	 	  
[Appendix A] 
 
7.2.8 Estimated	Costs	Inventory	

The inventory costs are calculated as the costs due to restricted capital in 
gods waiting to be processed as well as the goods being processed. The 
costs associated with wait could direct be labeled as waste. The cost of 
capital is set to 10% of all restricted capital in the process.    

7.2.8.1 Inbound 

 
	 	  

, 	 	 	  
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Cost of capital due to restricted capital in goods waiting to be processed: 
 

	 	
	 	 ∗ 	 	 ∗ %

360
∗ 															 40  

	 	  
 
Cost of capital due to restricted capital in goods during process: 
 

	 	
∗ 	 	 ∗ %

360
																																									 41  

∗ 	 	 	  

 
Cost of capital due to the milling process: 
 

	 	
∗ %

360
∗ 	 	 	 																										 42  

    
The total Cost of capital due to all restricted capital: 
 

	 	 	 	 	 	 	 	 	 							 43  

 
 

	 	 7	410  
	 	 7	410  

	 	 1	218  

	 	 	  
[Appendix C] 
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7.2.8.2 Waiting for Hardening 

 

 
	 	  

, 	 	 	  
	 	 	 	  

	  
 
Cost of capital due to restricted capital in goods waiting to be processed: 
 

	 	
	 	 ∗ 	 	 ∗ %

360
∗ 													 44  

	 	  
 
Cost of capital due to restricted capital in goods during process: 
 

	 	
∗ 	 	 ∗ %

360
																																									 45  

∗ 	 	 	  

 
Cost of capital due to the hardening process: 
 

	 	
∗ %

360
∗ 	 	 	 															 46  
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The total Cost of capital due to all restricted capital: 
 

	 	 	 	 	 	 	 	 	  

	 	 	 																																																																																																			 47      

 

	 	 5	788  
	 	 3	963  

	 	 1	766  

	 	 	  
[Appendix C] 
 

7.2.8.3 Waiting for Grinding 

 
 

 
 

	 	  
, 	 	 	  

	 	 	 	  
	  

	 	 	 	 	  
 
Cost of capital due to restricted capital in goods waiting to be processed: 
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	 	 ∗ 	 	 ∗ %

360
∗ 															 48  

	 	  
 
 
Cost of capital due to restricted capital in goods during processed: 
 

	 	
∗ 	 	 ∗ %

360
																																									 49  

∗ 	 	 	  

 
Cost of capital due to the milling process: 
 

	 	
∗ %

360
∗ 	 	 	 																					 50  

    
The total Cost of capital due to all restricted capital: 
 

	 	 	 	 	 	 	 	 	  

	 	 	 	 	 	 																																																											 51      

 

	 	 2	733  
	 	 2	733  

	 	 1	234  

	 	 	  
[Appendix C] 
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7.2.8.4 Outbound 

 
 
 
 
 
 
 
 
 
 
 

	 	  
, 	 	 	  

	 	 	 	  
 
Cost of capital due to restricted capital in goods waiting to be processed: 
 

	 	
	 	 ∗ 	 	 ∗ %

360
∗ 														 52  

	 	  
 
The total Cost of capital due to all restricted capital: 
 

	 	 	 	 	 	 	 	 	  

	 	 	 	 	 	 																																																								 53  

 

	 	 566  
	 	 	  

[Appendix C] 
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7.3 Time	and	Cost	Comparison	

For the year 2011, following time and costs were retrieved from Ferrmek 
regarding working hours and salary related to the process of manufacturing 
creasing plates at Ferrmek. 
 

[Appendix A,B,C] 
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7.3.1 Estimated	Production	Time	2011	

When comparing the actual data with the theoretical estimated data from the 
analyze an indication of possible areas within the process where 
improvements can be made are shown. These data, however isn’t absolute 
and can vary in some aspects but are still a very good indicator of where in 
the process there are problems, and how large the possible profit could be. 
Since Ferrmek have problems hard to point out and impossible to see during 
a short visit, the first data to look at is the actual times spend by workers in 
the process of manufacturing creasing plates during 2011. This time are 
compared with the theoretical estimated time it should take to produce the 
exact same amount of plates if the production where to be exactly the same 
as during the visit. No possible improvements are included within the 
“theoretical time”. The time for changing tools and plates are the same as 
today and the time the machines take to process the plates are equal to 
present.  
        

 
[Appendix A, B, C] 
 
The comparison indicates that there are problems within the production that 
couldn’t be discovered during the visit and maybe more important does they 
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show that Ferrmek as well isn’t aware about them. Possible problems could 
be due to non-effective use of machines between orders or much longer tool 
or parts changes then shown during the visit. 
 
7.3.2 Minimum	Theoretical	Production	Time	

To get an indication of the overall theoretical possible improvement there 
are to be made if the production should work as it should if it was to be 
considered as “LEAN”, the “absolute theoretical minimal processing time” 
can be calculated and compared to the “theoretical time”. 
 

 
[Appendix A,B,C] 
 
This times is calculated without any time for tool changes or changes of 
parts and are therefore not realistic. However, it’s still very useful data, not 
only that it is a great data to benchmark against when looking for possible 
operations in the process to improve. But as well when trying to find good 
goals to work towards during the improvement work.  
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7.3.3 Minimum	Feasible	Production	Time	
 
SMED, stands for “a Single Minute Exchange of Die” and states that very 
often a change of tool or part in an operation shouldn’t need to take more 
than 1-10 minutes to execute.  
 
Therefore if adding 10 minutes to the absolute minimum processing time for 
every change of order, tool or plates. The most lean and possible process are 
calculated. These processing times is then compared to the “theoretical 
time” and if the difference is large, there are most likely possible 
improvement to be made to the process.  

 
[Appendix A, B, C] 
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7.3.4 Minimum	Feasible	Production	Time	compared	to	Actual	
 
Comparing the estimated values when taking into account the 10 minutes 
for change of fixture, shows the minimal feasible potential of improvements 
possible to be made. This is the actual difference there is between how the 
production works today compared to how it could work if it was to be 
considered as “LEAN”.   
 

 
[Appendix A, B, C] 
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7.3.5 Lead	time	
 
The lead time at Ferrmek is today about 23 days if calculating on the 
median value of all delivered orders. When looking at the average value, the 
lead time is 28 days due to some orders talking far longer time than 
ordinary. The milling and grinding operations have possible improvements 
of up to more than 30% of present processing time, which then would have 
an direct effect on the lead time as well. 
 
̅ ̅ 18	  
̅ 5	  

	 	 	 23	  
 

	 	 	 ̅ ̅ ̅ 																																		 54  

 

	 	 	 	 % ̅ ̅ ̅ 												 55  

 

	 	 	 	 	 % ̅ ̅ ̅ 		 56  

 

	 	 	 	 23	 	  
	 	 	 	 17	 	  

	 	 	 	 	 15	 	  
 
[Appendix A, B, C] 
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8 Possible	New	production	methods	

When first introduced to the thesis, Tetra Pak as well wanted it to cover a 
test of a different manufacturing method of creasing plates. The project then 
would become too large to be covered within the same thesis, and where 
therefore split into two different reports. Since the reader might find it 
interesting to learn of and compare a new method to the one described here, 
this thesis will as well cover some of this comparisons. Deeper 
information’s of test validations and data can be found in “A study in Hot 
Forming of High Strength Steel” which is found in Appendix D.     
[Appendix D] 
         
8.1 Hot	forming	without	Hardening	

Hot forming of iron plates is a possible way to form a creasing plate without 
the need of tubes and thereby significant decreasing waste and lead time. If 
the plates aren’t treated over ~1050 ˚C the steel isn’t hardened and further 
processing will be easier and require less time.  
    
As always it is important to keep deviations as small as possible to prevent 
large and time consuming secondary processing steps. The forming method 
described in the report “A study in Hot Forming of High Strength Steel”, are 
based on a method where two iron tools are pressed together with a plate in 
between by approximately 350 tons of pressure, shaping the plate to its 
desired form.  
 
When using this method the deviations became quit large because of large 
inner tension which causes the material to change dimension when heated to 
be hardened. The cost of large deviations is high due to long processing 
times when trying to correct hardened steel by grinding.    
[Appendix D] 
 
8.2 Hot	Forming	and	Hardening	in	same	process	

Hot forming and hardening in the same process step is where the plate is 
heated to its temperature where it starts to form martensite. It is then, while 
being formed in the press, cooled rapidly and therefore hardened. This type 
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of forming as well need an extra heat treatment, “annealing”, to make the 
plates more ductile and keeping them from self-cracking of high inner 
tensions.        
However, the method gives much less deviations and therefore saves time. 
The only setback is that the continuing processing of the plates becomes 
much more difficult do to the hardness of the plates of up to 63 HRC. These 
could however be solved by using a pre-pressing step, where the plates are 
pressed in radiuses close to the final dimensions. 
  
Drilling and milling could then be done before the plate finally is heated and 
formed to satisfying dimensions. By doing this the deformation of drilled 
holes is reduced when heat forming the plate. The small deformation can 
then be corrected in an EDM machine which is a slow but fully automated 
process and therefore relative cheap.          
[Appendix D] 
 
8.3 Comparing	Cost	of	possible	Production	Method	
 

8.3.1 Costs	of	different	Production	Methods	

In both of these scenarios, Ferrmek would need to have an inventory to 
obtain its own production of raw plate material without buying tubes in 
different diameters. This inventory could contain of material in the form of 
large steel sheets which is cut up in smaller pieces and formed as creasing 
plates with desired radius.     
 
Two different materials are tested in the report “A study in Hot Forming of 
High Strength Steel”. Caldie and Vanadis 4 Extra, which both are steels 
delivered from Uddeholms.  
 
Cost of material: 
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The cost for a whole tube of plates with dimensions as for a TBA 500b plate 
is: 
 

 
The cost for an inventory of 20 tubes is then estimated to: 

 
 
Other costs that affect the comparison of methods are costs for machines 
needed in the production. Since Ferrmek doesn’t have any depreciation left 
on their machines the costs today are very low. However to be able make an 
investment appraisal, annual costs for depreciations have to be taken into 
account. Following costs are calculated on 10 year depreciation.     
 
Cost per hour of using the Milling Machine: 
 

 
 
Cost per hour of using the Grinding Machine: 
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Cost per plate for Hardening: 
 

 
 
Cost per hour of using the Furnace: 
 

 
 
Cost per hour of Forming: 
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Cost per hour of Pre-Forming: 
 

 
 
In the report, “A study in Hot Forming of High Strength Steel” the 
deviations from the test of forming both materials is presented and the extra 
thickness needed to guarantee a production quality of 4 sigma is calculated.  
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  [Appendix D] 
  
When estimating the cost for alternative production methods where newer 
materials will be used, the extra thicknesses due to different deviations have 
to be taken into account when estimating the grinding costs. During the 
Value Stream Mapping the plates where 0.6 mm thicker than its final 
dimensions to make it possible to obtain correct thickness, and the time to 
grind different thicknesses are estimated based on that. 
 

 
 
[Appendix D] 
 
8.3.2 Costs	of	Hot	Forming		
 
The cost of an improved production line together with the new hot forming 
method is calculated based on investments of some new equipment’s such 
as a cutting machine for the large steel blanks. This cost is estimated to be 
the same as for a milling machine. 
The estimated production cost per tube and material is then calculated and 
compared to the present production costs.   
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Caldie 

 
[Appendix A, B, C] 
Vanadis 4 Extra 

 
[Appendix A, B, C] 
For the method of hot forming without hardening, Caldie has the lowest rate 
of deviations as well as the lowest price of material.  
 
 

 
 

 
[Appendix A, B, C] 
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Compared to current production methods when using Sverker 21, the Caldie 
material shows great potential of cost reductions. But the Vanadis 4 Extra 
would actually be more expensive. The lead time however is reduced by 
almost 75% in both cases.  
 
The payback time is calculated by comparing the actual estimated annual 
cost for the year 2011 with the estimated total cost of investments of a new 
production setup. 

  
 

 
 
The payback time of this investment would be approximately 3 years.  
 
 
8.3.3 Costs	of	Hot	Forming	and	Hardening		
 
The method of using hot forming and hardening in the same processing step 
would require a whole new setup of production line. The total investment 
cost however wouldn’t differ much from the other method since its only 
requires one extra set of forming station.    
 
Caldie 
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[Appendix A,B,C] 
 
Vanadis 4 Extra 

 
[Appendix A, B, C] 
 
When hot formed and hardened in the same processing step, Vanadis 4 
Extra shows to be the material with lowest deviations. However, since the 
cost of this material is three times the cost for Caldie it still is more cost 
efficient to use the Caldie steel.  
 
The lead time for the Caldie steel is slightly higher than for Vanadis 4 extra.  
 

 
 

 
[Appendix A, B, C] 
 
When compared to the present method, the lead time is reduced by almost 
90 % for both methods.  
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And the payback of this investment if choosing Caldie would be 4, 5 years.  
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9 Recommendations	and	results	

Current line 
The cost of producing one tube of TBA 500b plates is today ~19 365kr and 
the lead time is ~20 days. 
 
Improved Line 
The cost to produce the same plate but with an improved production without 
any significant investments is estimated to 17 944 kr per tube and the lead 
time is 19 days.  
 
Improved Line with Hot Forming 
If investing in a hot forming line the cost for a tube is estimated to be 10 035 
kr for Caldie and 20 280 kr for Vanadis 4 Extra and the lead time is 5 
respectively 5.2 days. 
 
Improved Line with Hot Forming and Hardening in same step 
Investing in a hot forming together with hardening line will estimate the 
cost for a tube to be: 
13 055kr for Caldie and 18 048kr for Vanadis 4 Extra and the lead time is 3 
respectively 2.1 days. 
 
Recommendations 
There is no doubt that improvements have to be made to the current 
production setup. The easiest improvements could be made first to get a 
better knowledge of the production line and to ensure a steady flowing 
production cycle before trying to implement any larger changes. Further 
analysis would then continually have to be made to follow up to make base 
for future decisions.     
 
Later Ferrmek or Tetra Pak probably should look at a newer setup for their 
production line since it clearly shows that there are great potential of 
improvements to be made. And if the lead time is the most narrow sector the 
use of Vanadis 4 Extra together with hot forming and hardening in the same 
process could be the best alternative to go with since its only 90% of the 
current lead time. 
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However, its most likely enough to use the hot forming method since it’s the 
most cost efficient method with the shortest pay back method leading to the 
lowest risk, as well as the lead time being reduces by approximately 75 %.     
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11 Appendices	

Appendix A – Excel sheet Grinding Analysis 
 
Appendix B – Excel sheet Milling Analysis 
 
Appendix C – Excel sheet Inventory Analysis 
 
Appendix D – A study in hot Forming of High Strength Steel 
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Summary	

This report summarizes the methods of performance and results of a project 
within hot forming of high strengthen steels. The background to the project 
is the question whether an existing production process of creasing tools 
made by high strengthen steel could be processed different by the use of hot 
forming, rather than the mechanical machining process used today. 
Different materials are hot formed hardened and measured to determine if 
the method shows promising or not. The initiator to the project is Tetra Pak 
Creasing in Lund who is looking at different new ways to enhance their 
current production processes of creasing tools. The main scope is to 
drastically reduce processing time, waste and cost while maintaining or even 
improving the quality of the tools. All tests have been performed at the 
department of mechanical engineering at Lund Institute of Engineering. The 
manufacturing of forming tools used for the test is supplied by Tetra Pak 
Creasing and all materials used to form are supplied by Uddeholms.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Appendix	D	(A	Study	in	Hot	Forming	of	High	Strength	Steel)	
 

II 
 

	 	



Appendix	D	(A	Study	in	Hot	Forming	of	High	Strength	Steel)	
 

III 
 

Contents 

Summary	____________________________________________________________________	 I 

1  Introduction	____________________________________________________________	5 
1.1  Background	_________________________________________________________	5 
1.2  The	manufacturing	Creasing	Plates	_______________________________	5 
1.3  Current	Method	of	Manufacture	__________________________________	6 
1.3.1  KMV	_____________________________________________________________	6 
1.3.2  Ferrmek	_________________________________________________________	6 
1.3.3  Tetra	Pak	_______________________________________________________	7 

1.4  Challenging	Method	of	Manufacture	______________________________	7 

2  Purpose	and	Delimitations	__________________________________________	8 
2.1  Purpose	_____________________________________________________________	8 
2.2  Delimitations	_______________________________________________________	8 

3  Theoretical	Framework.	_____________________________________________	9 
3.1  Hot	Forming	treatment	of	Steel	___________________________________	9 
3.1.1  Forming	Without	Hardening	__________________________________	9 
3.1.2  Forming	With	Hardening	_____________________________________	10 

3.2  Statistical	Process	control	_______________________________________	10 
3.2.1  Deviations	______________________________________________________	10 

4  Method	________________________________________________________________	12 
4.1  Material	Propertis	________________________________________________	12 
Caldie	 ___________________________________________________________________	12 
Vanadis	4	Extra	_________________________________________________________	13 

4.2  Heat	Treatment	___________________________________________________	13 
4.3  Forming	Method	__________________________________________________	14 
4.3.1  Tool	Design	____________________________________________________	14 

4.4  Measurement	_____________________________________________________	15 
4.5  Form	Stability	_____________________________________________________	16 

5  Validation	_____________________________________________________________	16 
5.1  Test	Plan	__________________________________________________________	16 
5.2  Execution	 _________________________________________________________	17 
5.2.1  Heated	and	Formed	Without	Martensite	Formation	________	18 
5.2.2  Hardening	and	Forming	in	one	Execution	___________________	18 

5.3  Measuring	_________________________________________________________	18 

6  Results	________________________________________________________________	19 
6.1  Deviations	_________________________________________________________	19 
6.1.1  Example:	How	to	Calculate	Thickness	of	Plate	_______________	21 



Appendix	D	(A	Study	in	Hot	Forming	of	High	Strength	Steel)	
 

IV 
 

6.2  Hardness	__________________________________________________________	22 
6.3  Result	Summery	__________________________________________________	23 

7  Discussion	____________________________________________________________	24 
7.1  Manufacture	and	development	of	tool.	_________________________	24 
7.2  Heat	treatment	___________________________________________________	24 
7.3  Production	line	___________________________________________________	24 

References	________________________________________________________________	25 

1  Appendices	___________________________________________________________	26 
Appendix A  Deviation Calculations ____________________ 28 
Appendix B  Drawing Lower Mould ____________________ 30 
Appendix C  Drawing Upper Mould ____________________ 31 
Appendix D  FEM-Analysis Lower Tool ________________ 32 
Appendix E  FEM-Analysis Upper Tool _________________ 33 

	
	
	
	
	
	
	



 
Appendix	D	(A	Study	in	Hot	Forming	of	High	Strength	Steel)	

5 

	
1 Introduction	

1.1 Background	

Tetra Pak is the world leading manufacturer of liquids food packaging’s, 
and offers there costumer complete processes solutions from tank to filled 
packages ready to be put on shelf’s and sold in store. A critical and very 
important part of the Tetra Pak business is the manufacturing of Packaging 
material that is carried out in more than 40 converting factories around the 
world. [11]  
 
1.2 The	manufacturing	Creasing	Plates	

The packages are produced in special, by Tetra Pak developed and 
manufactured filling machines to obtain the correct shape and look. For the 
machines to function properly, creases are imprinted into the packaging 
material making it to fold easier, at wanted place, forming the desired form 
of the package.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
These 

operations are carried out in roller mill stations integrated within the 
printing presses where the pattern imprinted to the packaging material are 
made by special plates mounted to the rolls. The plates are called “Creasing 
plates” and are the component that underlies this study. Tetra Pak Creasing 
delivers plates both as spare parts and as components for  
 

Figur 1 Picture of creased Tetra Pak paperboard [13] 
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new creasing tools. About 50 percent of all produced plates are used as 
spare parts.[9][10]   
 

 
 
Figure 2 The Supply Chain 
	
1.2.1 Current	Method	of	Manufacture		

The manufacturing process of the creasing plates goes through three 
companies. Uddeholms is the first supplier in the chain and deliver the 
material in form of two meter rods. The rods are delivered to KMV who 
drills the rods into tubes. The third company is Ferrmek who processes the 
tubes into plates and uses Brukens to provide the hardening process. The 
last step in the chain is processed in house at Tetra Pak, before the plates are 
finish and sent to customer.[9][10]   
 
KMV  
The manufacturing of tubes is done by drilling 2 meter long rods into thin 
shelved tubes with the diameter required to make the creasing plate fit on 
the milling roll. Tetra Pak offers a wide range of different packages and the 
variety of creasing patterns are therefore large and requires many different 
tube diameters. The tubes are cut into smaller tubes long enough to fit one 
turn of plates and then lathed both inside and outside. Finally the tubes are 
stress relieved to prevent large deformations during hardening later down 
the process.[9][10]   
 
Ferrmek  
The manufacturing of semi-finished creasing plates is done by milling the 
approximated crease pattern and various hole for mounting on the roll 
before finally cutting the tube into single plates. The plates are then 
hardened and finally grained to proper dimensions.  
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Tetra Pak 
The final processing of the crease pattern is done in house at Tetra Pak in 
Lund. To obtain the final crease pattern, small edges and ducts are formed 
by electro discharge machining (EDM). Finally the plates are sandblasted to 
blunt sharp edges.   
 

1.2.2 Challenging	Method	of	Manufacture	

Tetra Pak is constantly working on improving their production processes 
and is always looking into newer ways to manufacture the creasing plates, 
were waste, time and costs can be reduced. The challenging process this 
report discusses is based on the theory that time and money could be saved 
if a plate could be hot formed from a straight plate instead of current method 
where machining operations is used in all steps of the process.  
The idea is to heat up a plate to desired temperature and form it with a high 
pressure tool. This takes only a fraction of the time it takes to drill a tube 
from a solid rod and drastic reduces the waste. All other processes are then 
the same as before, but with the differences that it is single plates that are 
handled and not tubes.  
Another idea is to harden the plates during hot formed and then only 
processing the plates by EDM. This requires a tool that can cool the plate 
fast enough to make the material to form martensite. It also requires an 
annealing process directly after the forming process preventing the material 
to self crack.           
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1.3 Purpose	and	Delimitations	

1.3.1 Purpose	

The purpose of this study has been to evaluate the possibility of using a 
straight plate instead of a tube, and by hot forming making the radius 
needed to manufacture a creasing plate. It has earlier been identified that the 
most time consuming processing steps have been the grinding process due 
to deformations in the material during hardening process. Therefore the 
objective of this study has been to evaluate the form stability of the plates 
before and after hardening. Other observations has also been done, such as 
surface finish, edge and hole deformations and visual inspection to find 
possible crack formations caused by the forming method.  
 
If the manufacture method by using hot forming finds trust worthy, it has 
the ability to make a major impact on both costs and lead time by a dramatic 
reduction of processing waste, labor hours and processing time.    
 

1.3.2 Delimitations	

This study is limited to the forming of straight plates, all with the same size. 
The amount of plates is only three per batch and only three types of material 
are tested. Which materials to be tested has in advanced been determined by 
Tetra Pak. This report will cover the measuring of hot formed plates to 
determine the degree of deviation and visual inspection of the surfaces. 
Further analyzes of the material have been made by Tetra Pak but is not 
covered in this report.       
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2 Theoretical	Framework.				

2.1 Hot	Forming	treatment	of	Steel	

To be able to hot form a high strength steel many variables has to be 
considered. The temperature determines the strength and therefore the load 
that’s needed to form the plate. The load determines the design of the tool 
and the heat transfer from the plate to the tool, the cooling needed to prevent 
the tool to collapse. The temperature of the plate also determine whether the 
material will start to transform into austenite which when cooled will form 
martensite and a hardening of the steel has taken place. It’s satisfying to heat 
the material as much as possible without risking any austenite 
transformation to get the material as soft and formable as possible. In other 
hand, if a hardening of the material is desirable, the material should be 
heated to full austenite transformation is reached and then cooled quickly. If 
done, the next treatment of the steel has to be annealing, where the material 
is heated two more times to get rid of the rest martensite left in the material. 
This report will cover test with temperatures both causing the material to 
transform into austenite and not. [1] [2] 
 

2.1.1 		Forming	Without	Hardening	

When forming without hardening the material should not be heated to 
higher temperature for which the transformation to austenite starts. This 
temperature is given from the the specifications of the material. The material 
can then be cooled rapidly without risking any martensite formations and 
therefore no annealing process has to follow. However, the forming process 
has introduced internal tensions and therefore the material should be stress 
relieved by heat treatment up to about 75 ˚C	 below	 the	 transformation	
temperature of the material. The temperature used in this report for heat 
treatments are found in the brochure delivered by Uddeholms for every 
specific material. The main purpose of stress relief treatment is to prevent 
the material from changing form during hardening. [2]  
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2.1.2 Forming	With	Hardening	

A hot forming process where the material is formed and hardened in the 
same processing step is interesting since it will save time. Important if used, 
is to immediately follow the heat forming with an annealing process before 
the material is cooled below 100-200 ˚C. Since the material is heated up to 
full austenite formation and then rapidly cooled, a large percent of 
martensite is left within the material. Martensite has larger volume than the 
rest of the material and very high stresses are therefore introduced within the 
material. If letting the material to cool bellow 100-200 ˚C without any 
annealing, the differences in volume within the material could create 
internal stresses large enough making the material to self-crack. [2]   

2.2 Statistical	Process	control	

A high quality manufacturing line is very dependent on the repeatability of 
the process. Narrow tolerances on the finished plates put high demands on 
the process line not to incur large costs caused by disposal of plates and 
redoing of plates not within the demanded tolerances. To insure a high 
repeatability it’s therefore important to strive for and maintain a static 
process where the deviations are strictly random. All other factors due to 
manual handling, temperatures, wear and others that have an effect on the 
process must be identified and eliminated. To do this, Multivariate Factor 
Analysis could be used. This method is based on finding all factors affecting 
the outcome and to determine their impact on the process. The different 
factors are changed during tests and then analyzed using a normal 
distribution plot. The factors that deviates the most from the normal 
distribution are the factors with largest impact on the outcome. [3][7]         
 

2.2.1 Deviations		

The Six-Sigma method states that the standard deviation of every process 
step should be no larger than ±1/6 of the tolerance limits. This will ensure 
no more than 3.4 errors per one million produced plates.	[3] To be able to do 
so without continues controlling and measuring every part, the effect of 
manual processing steps must be reduced or controlled by the use of fixtures 
and, or, other tools to eliminate the chance of deviations. Six-Sigma is 
however considered quite strict and hard to reach, and four-sigma is 
therefore a more common used quality level. Four-sigma ensures not more 
than 6 210 defect plates of 1 million produced. When determine the  
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deviations of a plate, both deviations in diameter and uniformity of the 
surface must be considered. Following equations could be used for this. [3] 
 

1
, 																																																																							 1  

 

1
1

∅ ∅ 																																																																					 2  

 
 

∗ 																																																																								 3  

 

∗ 	
1

∅ 																																																																																																										 4  

	
 

 
Figure 3 Defects per 1 million produced  
plates according to Six-sigma[3] 

 
 
 
 
 
 
 



 
Appendix	D	(A	Study	in	Hot	Forming	of	High	Strength	Steel)	

12 

3 Method	

3.1 Material	Propertis	

The materials to be tested are two high strength steels, Caldie and Vanadis 4 
Extra and are both delivered by Uddeholms. The current steel used today is 
Sverker 21, and is a steel developed for more than 60 years ago. Caldie and 
Vanadis 4 Extra are more modern steels, recommended by Uddeholms to 
replace the Sverker 21 steel.   

Caldie[1]	

Delivery condition:  
Annealed to ≈ 18 HRC 
Typical Analysis: [C0,7|Si0,2|Mn0,5|Cr5,0|Mo2,3|V0,5] 
 
iHardened to ≈ 61 HRC:  
Density: 7 820 kg/m3  
Young’s‐Module: 213 GPa 
Specific	Heat:	460	J/kg˚C	
iiStress	Relief	Temperature:	650˚C	
Annealing	Temperature:	820˚C	
Start	of	Austenitizing	Temperature:	805˚C	
Full	Austenitizing	teperature:	1000˚C	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
i	Heated	to	1025˚C	and	Annealed	two	times	at	525˚C	
ii	Heated	to	650˚C	and	holed	for	2hours.	Cool	slowly	to	500˚C	and	then	free	in	air	
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Vanadis	4	Extra[1]	

Delivery condition:  
Annealed to ≈ 21 HRC 
Typical Analysis: [C1,4|Si0,4|Mn0,4|Cr4,7|Mo3,5|V3,7] 
 
iHardened to ≈ 60 HRC:  
Density: 7 700 kg/m3  
Young’s‐Module: 206 GPa 
Specific	Heat:	460	J/kg	˚C	
iiStress	Relief	Temperature:	650	˚C			
Annealing	Temperature:	900˚C	
Start	of	Austenitizing	Temperature:	860	˚C	
Full	Austenitizing	teperature:	1025	˚C		
	
3.2 Heat	Treatment	

For heat treatment of the materials a muffle furnace is used. All handling are 
manual and there is no use of gases or other protective methods during the 
heating. For heat treatment before forming a smaller muffle furnace is used 
to simplify the manual handling. During stress relief, annealing and 
hardening a larger programmable muffle furnace is used. The forming is 
made in a special designed tool mounted on a hydraulic press with a 
capacity of creating loads up to 600 tons.   
 
The material is heated to 600 ˚C, 820 ˚C(Caldie), 860˚C (Vanadis4E) and 
1050 ˚C. The material will then be cooled in the tool when formed by a load 
of 320 tons. To be able to cool the material fast and preventing the 
temperature of the tool rising above critical point regarding material 
strength.  The tool are water-cooled through 8 channels with a volume flow 
of 1dm3 per second. [1]      
     
The temperatures not exceeding 820 ˚C	 (Caldie) and 860 ˚C	 (Vanadis4E) 
will not start any austenite transformation in the materials and will therefore 
not form any Martensite. The material will then be stressed relieved at 650 
˚C and hardened at 1050 ˚C.	[1]		
	
	
	

                                                 
i	Heated	to	1025	˚C	and	Annealed	two	times	at	525	˚C	
ii	Heated	to	650	˚C	and	holed	for	2hours.	Cool	slowly	to	500	˚C	and	then	free	in	air 
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Temperatures	reaching	above	austenitizing	temperature,	1050	˚C,	will	
form	Martensite	and	will	need	to	be	annealed	two	times	at	i540	˚C	and	
525	˚C	to	prevent	crack	formations.[1]			      
 
3.3 Forming	Method	

A tool in two halves is used to form the straight plate into the wanted radius. 
The tool is designed with stop lugs to prevent more force than needed to be 
applied on the plate causing it to squeeze and loose its preferred thickness. 
This allows the press force to be set high enough, ensuring the tool halves to 
always become completely together during the press cycle.      
 
3.3.1 Tool	Design	

The tool is designed using Pro-Engineer where the idea is that the two 
halves is made out of one solid block by wire-EDM. The maximum yield 
stress and deformations with applied force are calculated using iiMechanica 
in Pro-Engineer. To determine maximum allowed yield stress of the tool 
during forming, the maximum yield stress of the material when 200˚C	are	
used	(≈90%	of	yield	stress	at	20˚C).[4]   
 
Material: structural steel 14 13 12‐00 
Maximum Yield stress@20˚C:	240MPa	  
Maximum Yield stress@200˚C:	216MPa	
Young’s‐Module@20˚C:	208	GPa			
Young’s‐Module@200˚C:	208	GPa	
[4][5] 
 

 

                                                 
i The temperatures 540˚C	 and	 525˚C	 is	 to	 attain	 a	 hardness	 of	 63	 HRC	 and	 is	 found	 in	 the	
brochure	from	Uddeholm[1]		 

ii An application within Pro-Engineer that uses the Finite Element Method to calculate maximum 
yield stress and deformation in the model   

Figure 4 Model of forming tool in Pro-
Engineer in unformed state 

Figure 5 Model of forming tool in Pro-
Engineer in formed state
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With the help of FEM the tool where anayzed and the lower tool reached a 
maximum yield stress level at 221,6MPa at 500 tons load which is just 
below the maximum allowed yield stress for this material (240MPa@20 ˚C) 
[5]. The tool will also be heated by the warm plate during the forming 
process and the maximum allowed yield stress at 200 ˚C is 216 MPa. 200 
tons at 600 ˚C where the smallest load for which the test plates where 
completely formed, and the tool halfs was brought completely together. 
However, the lugs on the lower tool could only hold a load of maximum 192 
tons if pressed together empty without a plate between. The upper tool 
would hold for 1000 ton at 200 ˚C. To ensure that the load would be large 
enough during all tests, it was set to 320 tons. This since it would be more 
then enough to ensure full fomation of the plates and still far from creating 
stresses in material close to the limit of 240 MPa. And this even if the 
material it in some places should be heated as high as to 200 ˚C. 
 

 
 
3.4 Measurement	

Measuring of the formed plates is made at Tetra Pak Creasing where a 
coordinate measuring machine (CMM) is used. The same machine Tetra 
Pak Creasing is using to control the quality of the finished creasing plates. 
The plates are measured one or three times depending on the test. Batches 
heated to 600 ˚C	 and	~900	 ˚C	 is	measured	 three	 times.	 After	 forming,	
stress	 relieve	 and	 hardening.	 Plates	 heated	 to	 about	 1050	 ˚C	 are	
hardened	in	the	forming	tool	and	are	therefore	directly	annealed	before	
cooling		

Figure 6 FEM-Analasys Upper Tool

Figure 7 FEM-Analysis Lower Tool
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below about 150 ˚C. These plates are measured only one time, after 
annealing.    
	
3.5 Form	Stability	

The main objectives with these tests are to determine the form stability in 
the material when using hot forming as a manufacture method. The plates 
heated to maximum 860 ˚C are measured before stress relieving process to 
evaluate the dimension spread due to divergences after hot forming. The 
plates are then measured again after stress relive treatment and again after 
hardening. The plates are expected to have the largest dimensional changes 
after stress relive treatment due to internal tensions resulted by the 
deformation hardening that occur when formed. The plates heated to 1050 
˚C are measured only one time after the annealing process. But are then not 
heat treated again, and therefore not expected to have any significant 
dimension changes after this processing step. [1][6]  
 
4 Validation	

4.1 Test	Plan	

Uddeholms provided 10 plates of each material with the recommendations 
to try to form the plates between 600 ˚C and up to the temperature when 
formations to austenite start, 820 ˚C for Caldie and 860 ˚C for Vanadis4E. 
Since the possibility to be able to form and harden the plates at the same 
operation is highly interesting, this was as well implemented in the test plan. 
One plate of each material where expected to be wasted during calibrating 
pressure load and cooling capacity. Remaining 9 plates per material would 
then be enough for three tests per temperature.  

 
Figure 8 Test plan. 
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4.2 Execution	

Two muffle furnaces (one small and one large) where place closed to the 
press to ease the inserting and removal of the hot plate in the tool. The small 
furnace where used to heat the plates since this furnace is easier to handle 
with higher temperatures. The larger furnace where used for secondary heat 
treatments as stress relieves and annealing processes. The larger furnace 
also had the capability to be programmed which where a requirement since 
this processes takes many hours.  
 
The tools where mounted in a press with a estimated capacity of ≈600ton. 
Since the pressure load where shown only in MPa, the piston of the press 
where measured and the expected load in ton where calculated.  
 
Piston perimeter [s]: 1290 mm 
 

																																																																																																																					 5
       

2 																																																																																																																					 6 	

1 2 	→ 	
4

0,132 																																																											 7  

																																																																																																																						 8
      

23,8	 	 → 3139200 	 320   
 
The pressure of the press where set to 23.8 MPa to obtain the correct 
pressing load. 
 
To control and log the temperatures of plate and too, an IR-Camera where 
installed on the back side of the press, letting it to monitor both the tool and 
plate during the hole operation. Also an ordinary camera where used to 
capture the tests on film.  
  
To control the water flow a valve where mounted on the output of the 
cooling water channels. After calibrating the pressure load and measuring 
the temperature of the tool when forming plates up to 860 ˚C the water flow 
where set to maximum flow which is 1dm3 per second. The tool never gets 
even close to rise over 200 ˚C during the tests.   
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4.2.1 Heated	and	Formed	Without	Martensite	Formation	

The first three tests where never heated to temperatures over the 
austenitizing temperature, and therefore never formed any martensite. The 
plates where then sand blasted and measured before heat treated again to 
650 ˚C for tress relieve and then measured a second time to detect any 
dimensional changes during the heat treatment. Finally the plates where 
hardened and again sand blasted and measured. The expected major 
dimensional change was to happen during stress relief, since this is the first 
heat treatment after the forming operation. The plates are also expected to 
be some hardened by deformation since the temperature never reaches the 
level needed for annealing.        
 
	
4.2.2 Hardening	and	Forming	in	one	Execution	

During the fourth and last test, the plates where heated to 1050 ˚C which is 
the temperature of full formation to austenite. The plates where then cooled 
to about 150 ˚C under 320 tons pressure before again placed in the furnace. 
To be able to anneal all six plates at the same time the furnace where set to 
150 ˚C to protect the plates from self cracking due to large inner tensions 
caused by the volume different of retained austenite and martensite. When 
all six plates where formed the furnace where programmed to anneal the 
plates two times at the temperatures 525 ˚C and 540 ˚C. The plates where 
then sand blasted and measured.   
   
The hardness of the plates where expected to be 63 HRC.  
 
4.3 Measuring	

The dimensions and hardness are measured at Tetra Pak with the same 
method always used to control the tolerances of the creasing plates. CMM 
measures more than 100 points on the plate and then calculates the mean 
radius and surface uniformity. The measuring report shows the maximum 
deviations and the different from the expected radius.   
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5 Results	

5.1 Deviations		

The plates are measured in three steps to capture the dimensional changes in 
the plates due to different heat treatments.   
 
 

 
Figure 9 test results 

The mean diameter can easily be changed by a different design of the tools 
and are therefore not a critical variable to observe. The standard deviation 
however is highly interesting since this value indicates the magnitude of the 
dimensional unrepeatability which is a major factor regarding processing 
time. The standard deviation controls the absolute minimum thickness of the 
plates to ensure that the correct radius is able to be obtained. To prevent 
more than 6200 defect plates per one million produced, the plate has to have 
the preferred thickness plus four times the standard deviation 4σ . 
    
To control if the process is meeting the requirements and to select the 
correct tolerances the Process Capability can be calculated. [3]        
 

	 6 ∗ 																																																																																												 9  
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To reach four sigma the capability of the process has to be: c 1,33. Six 
Sigma requires: c 2. [3] 
 
The thickness of a creasing plate is 20mm and diameter deviations measured 
on the test plates are:  

To calculate the initial thickness of the plate following calculations can be 
used. 
 

	∆ 																																																																																																	 10 		                                    
 
  	 :	 2 ∗ 				 
 

∆ 2 	
∗ sin

2 	
∗ cos 90

2
 

sin 90
2
																																																																																																		 11  

 
And  : 	 2 ∗ 				 
 
∆ 2 ∗ 																																																																																										 12 	 
 
 
Where: 

	expected	radius	of	the	plate	 
β 	sektor	angle	of	plate 
 
 
 
 
 

Figure 10 Measured deviations of test plates´. 
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iA smaller radius than expected always requires less additional material then 
a larger. Therefore it is only necessary to calculate the initial plate thickness 
for  r 2σ∗ r . 
 
5.1.1 Example:	How	to	Calculate	Thickness	of	Plate	

If the Caldie@600˚C method is used to produce plates with an expected: 
 
(inner radius)  150  
(thickness)  20  
(sector angle)  60˚ 
(deviation)  	

∗ 0,4462 
 
The actual plates will have to have diameters somewhere between 
 

 300 4 	
∗ 300	 0,4462 ∗ 4 →

∅ 301,785
∅ 298,215    

 
with 99.38 percent certainty. To ensure that the correct radius are able to be 
attained despite the variations, the plates have to have an initial thickness of:  
 

20 	∆   

 
Where  

∆ 2 	
∗ sin

2 	
∗ cos 90

2
 

sin 90     

150 2 ∗ 0,4462 sin
150

150 2 ∗ 0,4462
cos 90

60
2

 

150sin 90
60
2

1,033 		 → 

 
20 	1,033 21,033	  

 
 
 
 

                                                 
i This is shown in appendix A 
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To check the robustness of the process system, the capability can be 
calculated. 
 

	 6 ∗ 	
301,785 298,215

6 ∗ 0,4462
1,333	 1,33			 

which is a satisfying result. 
 
When using the test results to calculate the needed plated thickness it’s easy 
to see which method saving most processing time and material.   

5.2 Hardness	

The hardness of the plates has to be at least 61 HRC to maintain high 
abrasive resistance. For Caldie and Vandis4E the plates have to be heated to 
1050 ˚C and hold there for a minimum of 30 minutes. The plates then have 
to be cooled rapidly down to bellow 400 ˚C in less than 280 seconds to 
attain a hardness of 64 HRC. [1] [12]  
 
The plates heated to 1050 ˚C and hardened only obtained a hardness up to 
between 50-56 HRC. This probably due to problem with regulation of the 
temperature in the oven. 
 

 

Figure 2 Calculated plate thickness due to measured deviation 
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5.3 Result	Summery	

The test results show that hot forming of Vanadis 4 Extra at 1050˚C where 
hardening and forming takes place in the same processing step, give raise to 
the smallest range of deviations with a total standard deviation of σ∗

0,223	mm. If looking at the processes without hardening, hot forming of 
Caldie at 600 ˚C seems to be most efficient process with σ∗ 0,519	mm. 
The surfaces of the plates are satisfying with only a small deformation along 
the short bended side of the plate, and there doesn’t seem to be any 
tendencies of crack formations. The holes are as expected, oval shaped. 
   
The hardening of the plates, that where heated to 1050 ˚C, where only 
measured to 53 and 55 HRC unlike the plates that where hardened the 
conventional way after stress relief and by the ordinary supplier. This plates 
where measured to 63 HRC. However, the lower hardness of the plates 
heated to 1050 ˚C is most likely due to not using any protective shield of the 
plates during heat treatment causing decarbonization of the surfaces 
combined with bad temperature control of the muffle furnace.    
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6 Discussion	

6.1 Possible	further	developments	of	the	tool.	

The tool can be made in a harder material to prevent dimensional changes of 
the tool during forming. This could reduce some of the deviations on the 
outcome. It also would be needed if this method would be realized and the 
tools had to hold for longer production series. The tool also have to be 
designed not with the radius of the desired plate, but with a more elliptic 
form to overcompensate the elliptic/larger radius -form of the pressed plates. 
Also the pressure on the plate could be changed to test if it could have effect 
of the result. In this tests there where a lug preventing too much pressure on 
the plate. This could easily be resolved by either shortening the lugs or 
making thicker plates.    

6.2 Heat	treatment	

The reason the plates didn’t obtain the required hardness may depend on 
problems with knowing the actual temperature of the plates when being 
formed. Also the time between furnace and tool could have had a small 
impact on the result since the plate cools some before it is placed and 
formed in the tool. 
 
But the most probable explanation is that the furnace is slow in the control 
of the temperature and therefore raised above the 540˚C it was set for. 
Annealing at a temperature of 540 ˚C should give the plates a hardness of 
61-63 HRC, not 55 HRC which is maintained if heated to 580 ˚C.[1] It is 
very likely that the temperature climbed over 540 ˚C by 40 ˚C and then 
stayed there for at least 30 minutes. It takes the oven more than one hour to 
decline 50 ˚C. Also the lack of protective gas or other surface protections 
have most likely as well had an impact of the surface hardness.  

6.3 Production	line	

To be efficient this method could be used by pressing larger sheets 
containing several plates. The sheet could then be processed in an EDM 
machine and finally cut up to smaller pieces.  
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m/photos/2011/06/062811_tetra_pak_lamps_5.jpg&w=600&h=450&ei=9_
WdUpPEJIniywPfo4CgDw&zoom=1&iact=rc&dur=406&page=3&tbnh=13
4&tbnw=179&ndsp=61&ved=1t:429,r:13,s:100,i:43&tx=118&ty=63 
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Appendix A  Deviation Calculations 

 
To calculate the extra plate thickness needed to obtain the correct radius due 
to deviations, the intersection between the two radii has to be found. 
Knowing the x-value then leads to the angel of the intersection point for the 
deviation curve. And the y-value can be calculated.   
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The additional material needed when 

the actual radius of the plates are larger than the expected, is always equal to 
the different of the radii.  
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Appendix B  Drawing Lower Tool 
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Appendix C  Drawing Upper Tool 
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Appendix D  FEM-Analysis Lower Tool 
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Appendix E  FEM-Analysis Upper Tool 

 


