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Sammanfattning 
 

Sågbladtillverkaren, Håkansson Sågblad AB, har patenterat en ny revolutionerande 
sågbladprofil i USA för användning av kött och fisk i livsmedelsindustrin. Huvudsakliga fördelen 
med denna profil är att tänderna är oskränkta vilket medför mindre förlust av kött och fisk under 
bearbetning. Den speciella geometrin av den nya profilen är nylutvecklad och unik i marknaden. 

Målet med detta utförande är att utveckla en ny maskin som ska kunna producera den nya 
profilen på ett utförbar sätt. 

Forskningen kring tillvägagångssätten av projektet kan uppskattningsvis delas i tre stadier: 

1.  Uppfinning och utveckling av lämplig distribution av blad för masstillverkning. 

2.  Forskning av en effektiv process för produktion av blad 

3. Huvudsakliga design av maskin för tillverkning av blad. 

I detta arbete har man noggrant utvecklat och studerat dessa tre punkter till att kunna bli 
starten på ett store projekt. Vissa tester har utförts för att kunna styrka att de analytiska idéerna 
och uppnådda resultaten har varit tillräckliga för att ge Håkansson en grundpelare för en ny produkt 
på sågbladsmarknaden. Dock återstår mycket arbete innan den nya sågbladsserien kan sättas I 
produktion. 
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Abstract 
 

The saw blade producer, Håkansson Sågblad AB, patented in the U.S. a new blade profile 
designed specially to cut fish and meat. The most important advantage of that blade is that its teeth 
are not set, therefore the material lost when cutting is really smaller. The special geometry of that 
profile made that nobody had found a proper way to produce it before. 

The goal of the outlined work is to develop a machine to produce these new blades in a 
feasible way. 

The research approach of the project can roughly be divided into three phases: 

1.- Invention and development of a proper distribution of blades to produce a big amount of 
them at the same time. 

2.- Research of the best production process to produce the blades. 

3.- Main design of the machine to produce the blades. 

In the Thesis these three points are carefully developed and studied in the form of the start 
point of a really bigger project. Some tests had been done in order to prove all the analytical ideas 
and the results obtained had been satisfactory enough to give Håkansson the start point of a big 
business. However, a lot of work must be still done in order to begin the production series of those 
blades. 
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2. Nomenclature 

 During the evolution of this report there will be used some parameters of the blade 
profile to explain several things. Those parameters are shown on the next profile drawing.  

 

Fig. 1 
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4. Introduction 

The saw blade producer, Håkansson Sågblad, designed a new kind of saw blade 
profile a few years ago. This new profile was patented in the U.S. by Håkansson and has 
been tested in different applications.  

The results obtained in that tests show that this new blade improves some aspects of 
the cutting process. The most important ones are two: 

- Vibrations: It seems that with the use of this new profile, the vibrations produced 
during the cutting process are reduced. It implies that, apart from reducing the noise, 
that some times could be very annoying, the obtained surface has a better 
roughness than the obtained with usual blades. It means that when cutting with that 
blade, the surface could have the desired roughness and sometimes it would be 
possible to avoid a second operation of milling or polishing. 

- Material economy:  As the teeth of this new blade are not set or swaged, the 
thickness of the cut is the same than the thickness of the blade. Therefore, the 
quantity of material lost when cutting is reduced significantly, so, the cost of the 
process is also reduced. 

Although producing and sell this new profile seems a very good business for 
Håkansson, it has been impossible to find the proper production method to produce it in an 
economical way. Different methods had been tried during these years but any of them 
seemed to be successful.  

So, the aim of this project is to find a proper process to produce that new profile and 
at the same time, design the machine to produce it in an economical way. 

This project has been developed with the cooperation of Masoud Mirbaz, KTH student 
of the Production Department, who has been doing his thesis also in the same subject. Both 
of us had been working together, however, this project has been focused mainly on the 
designing part and his project has been focused in the production parts. 

This project has been also developed with the cooperation of Deventech, an 
engineering company that is interested in producing this machine. All the designing part had 
been made by me, but always guided with their experience. 
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5. The initial problem 

The first approach to this problem was in a meeting with Håkansson Sågblad 
(Appendix A. 1st Håkansson Meeting). They had a general idea of the kind of profile they 
wanted based in their patent, but they didn’t know exactly which requirements they needed. 
So, after that meeting, the initial basis to begin the work were set. 

Producing one blade following the requirements described in the patent it’s not difficult 
at all. The problem appears when there is the necessity to produce a big quantity of them, 
with some quality requirements and with the cost imposed by the customer and the market. 
These three factors are the ones that are needed to take in account during all the designing 
process of that machine. 

5.1. Description of the patented profile 

Looking at the patent of Håkansson (see Appendix B. Håkansson patent) one can get 
all the information regarding the shape of the blade. The most important thing of this new 
profile is that instead of having the teeth set or swaged as is usual, the surface of the cutting 
profile is not perpendicular to the planar face of the blade (see Fig. 2) 

 

Fig. 2 

In the above drawing, all the angles that are described in the patent can be seen. This 
drawing has been made with all the angles at 10˚. However, Håkansson knows that for the 
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good function of the blade it is good to be between 1-15˚, better if it is between 2-10˚ and the 
best results are obtained if the profile is between 3-8˚. Therefore, in the first meeting with 
Håkansson, it was decided to make all of them around 5º if possible. 

It is also very important to note that two consecutive teeth are identical but the first 
one is beveled to one side of the blade, and the second one is beveled to the opposite side. 
This special shape of the teeth is being repeated during the whole saw blade alternatively. 
Therefore, in Fig. 3 teeth numbers 1, 3, 5, 7, etc, are beveled to one side and are identical 
between them and the teeth 2, 4, 6, 8, etc, are beveled to the other side and are also identical 
between them.  

 

Fig. 3 

At this moment, the angles that must have the blade are known. However, the patent 
does not show the measurements of the profile and the blade. The idea of Håkansson is to 
try to produce this kind of profiles to cut frozen fish and meet. Depending on the number of 
teeth per inch, the shape of the profile can change. The standard teeth profiles that 
Håkansson is nowadays producing are the next ones. However, the most common is the one 
with 4 teeth per inch (see next drawing). 
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Fig. 4 

The most important measure to be aware of is the total height of the blade. This 
measurement is very important because if there are differences between the height of the 
teeth there will be ones that are cutting, and the others no. This is very negative for the life of 
the blade. This measurement must have a total tolerance of 0,05mm. 

So, the saw blade has to be with the specific angles described in the patent and also 
has to be with a similar shape than the picture above. However, some modifications can be 
done to improve the cutting. 

5.2. Description of the material 

The material selected to make that new kind of blades by Håkansson is the UHB 15 
(C 0,72%) which is hardened at 500HV. As this material is so hard, no milling process seems 
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to be able to produce it. However, knowing the properties of that material maybe it is possible 
to find an alternative to improve the process. 

Apart from that, there are two different material profiles, the first one is 0,6x20mm and 
the second is 0,5x16mm. Therefore, the designed machine would have to be able to work 
with both of them. 

5.3. Desired production rates 

In order to be competitive with this new product, Håkansson needs high production 
rates of these blades. When talking with them, they told us that the desired quantity of blades 
per hour would have to be around 300 meters. However, as this is a very high quantity, it was 
decided that it could be good to produce between 200 and 300 m per hour. 

5.4. Problem with the actual method 

The actual process used in Håkansson to produce the normal blades consists in 
putting a big number of blades all together and mill all of them at the same time. With that 
process Håkansson can get big production rates because they are doing a lot of blades at the 
same time (see Fig. 5). 

When trying to copy that idea to this new kind of blades, it is easy to see that it’s not 
possible to do it because the φ angle cannot be obtained. The fact that is not possible to 
produce these blades in big packets it’s the main problem of Håkansson because this is the 
fastest and most economical way to produce saw blades nowadays. 

Apart from that, the hardness of that material makes very difficult to produce that 
profile with a milling machine. So, another problem will be finding the proper process to 
produce these blades. Further in that project it will be necessary to compare the feasibility of 
milling against grinding and decide which one is better.  
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Fig. 5 
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6. Finding a layout solution 

After the properties in the new blade have been defined, the work of finding the best 
solution to obtain it begins.  However, it is very difficult to find a process able to produce these 
blades in a very fast way. 

After analyzing the desired shape, it was seen that the geometry described in the 
patent was very difficult to obtain. So, almost every solution needs to make some changes in 
the profile shape.  

In the next few points are explained the best ideas analyzed, the advantages and 
disadvantages and the selection of the best one. However, these ideas are independent of 
using a milling machine or a grinding one. These ideas are only focused on how to distribute 
the blades in the best way to produce a big amount of them at the same time. 

6.1. Option 1. One moving wheel 

6.1.1. Principles 

This idea is the simplest one and consists on putting few blades together (see Fig. 6) 
and using one big moving wheel to make the shape. That wheel must have the vertical and 
the φ movement in order to produce the perfect shape needed. Then it could be possible to 
do one teeth after another, changing the different angles of the wheel’s axis. 

 

Fig. 6 
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6.1.2. Advantages and disadvantages 

The main advantage of that method is that it can obtain almost the desired profile 
shape. A perfect shape can be obtained if it is produced only one blade. However, if there are 
two or more blades together, the desired shape cannot be achieved. Then, the geometry of 
the profile must be simplified. 

Apart from that, there exists the limitation of the wheel radius. With one blade, this 
error will be almost 0. However, if it is tried to produce a bigger number of blades, this error 
will be bigger.  

Another disadvantage is that the weight of the machining unit would be between 200 
and 300 kg. That means that it would be needed to use very strong motors or pistons to 
produce the movement of the unit. That would be very expensive and probably it would be 
difficult to obtain a good accuracy if it is tried to move the unit very fast. Apart from that, the 
machine would probably have some undesirable vibrations because it is very difficult to have 
a rigid machine with these movements. 

6.2. Option 2. Two moving wheels 

6.2.1. Principles 

This idea is based in the principle of putting a big number of blades all together. Then 
the first wheel grinds the even teeth and the second wheel grinds the odd teeth.  

To make the grinding of the teeth in this way, it is easy to see that is impossible to 
grind the even chip chamber with the first wheel and the odd ones with the second wheel. 
This happens because of the φ angle. As the height of the blade is changing in every blade, 
this is not an acceptable solution (see Fig. 7). With just ten blades, the difference between 
one blade and another could be around h=0,85mm. (The maximum accepted by Håkansson 
is 0,05mm) 



Design of machine for saw blade manufacturing  25 

 

Fig. 7 

To solve this problem, the first grind wheel must grind all the even teeth (not the chip 
chamber) and the second wheel must grind the odd ones (see the next picture). 

 

Fig. 8 

Working on that way, the same height of the teeth can always be maintained because 
the φ angle does not affect it. However, a planar surface on the bottom of the chip chamber 
teeth is needed in order to have a place where to cross the two machined surfaces. 

6.2.2. Advantages and disadvantages  

The main advantage of this method is that it can increase the production rates of the 
first option because more blades than before can be worked at the same time. 

Another advantage is that the movement of the wheel in this idea is simpler than 
before. In that case it only needs to move in the direction of the cut. That means that it does 
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not lose time positioning the wheel and that the necessary tools to control it would be really 
cheaper and simpler than before.  

Another advantage is that it does not have any problems with the tolerances of the 
height of the teeth because the φ angle does not affect in that process. That is because it is 
grinding both sides of the cutting edge in the same φ angle. 

The main disadvantage of that method is that it cannot produce two identical blades 
inside the package. As it must cut with the φ angle, the distance between teeth for one blade 
and another will be different (see Fig. 8). Håkansson could be able to accept some 
differences in these distances; however, more than ten blades could not be acceptable.  

Another disadvantage is that in order to grind the whole teeth as explained in 5.2.1 it 
is needed to do two grindings for each teeth. It happens because when trying to get the first 
grinding form with only one wheel, it is impossible to get a sharp edge. To obtain a cutting 
edge, it is needed to make one side of the edge in one grinding and the other side in another 
grinding. That implies that 4 grindings are needed and it will reduce the production rates. 

Another one is that the real form described in the patent cannot be performed. There 
are two changes: the first one is that as it is putting ten blades together, it cannot make the 
inclination of the bottom plane (β angle); the second one and maybe more important is that 
this option cannot obtain the γ angle. 

The last disadvantage is that it will be needed a big planar surface on the bottom of 
the profile in order to have a regular profile when the two grinding shapes close together. This 
planar surface must be bigger when more blades are put. In the case of Fig. 8 (10 blades and 
φ=5˚) it would be needed a planar surface of 1 mm in every tooth. 

6.3. Option 3. Two moving wheels with angled blades 
distribution. 

6.3.1. Principles 

This idea is based on making a special distribution of the blades in such a way that it 
could be able to produce a big quantity of blades all together. This idea consists on making a 
package of blades (as in the second option) but instead of putting the blades straight they 
must be as in the next picture. 
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Fig. 9 

Using that configuration, the first grinding can be done in the first position and the 
second one can be done in the second one. The difference between this option and option 2 
is that this one can make all the blades almost equal. This happens because the external 
blades move more slowly than the internal ones. Therefore, when the blades move to the 
second grinding they do in a way that it’s almost perfect to do the 2nd grinding. Having a look 
at Appendix C. Error when moving the blades, it can be seen that the error that appears when 
grinding in that way is: 

( )ϕϕ −⋅⋅= tan2 te            (Eq. 1) 

Observing this equation it is easy to note that when bigger is the angle, bigger is the 
error. That implies that depending on the φ angle, the method will be better or worse. 
Knowing that the maximum error in the teeth height is 0,05mm and using the previous 
equation, the next table can be calculated to see the maximum width allowed in relation to φ. 
(see Appendix D. Maximum pitch error allowed). 
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6º 112mm 
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φ angle Maximum width allowed 

7º 70mm 

8º 47mm 

Table 1 

So, it can always be produced a number of blades if their width is lower than the one 
shown on the table. The problem appears if the production rate obtained is not enough and a 
bigger number is needed. In that case it would be necessary to think in a way to correct this 
error.  

6.3.2. Advantages and disadvantages 

The most important advantage of this method, as it has been explained before, is that 
it can produce a lot of blades together to make the machining at the same time. If the blades 
are 0,5 or 0,6 mm width, a pack of more than 80 blades with an angle of 8º can be produced. 
So compared with the other methods the production rates of this method are incredibly 
higher. 

Another advantage is that the movement of the machining wheels is very simple 
because they have to move in the same direction. 

The most important disadvantage of this method could be that maybe it will be difficult 
to maintain the tolerances between the first and the second grinding. That could happen 
because this method is based in the relative movement between blades. It is always difficult 
to control this kind of movement because it depends only on the geometry. 

Another disadvantage of this method is that it neither can obtain the same shape than 
the one described in the patent. However, the shape obtained with this method will be more 
similar to the patent than the other two options. The difference with the patent will be that the 
β angle cannot be obtained. However, according to Håkansson, this angle is not important for 
the functionality of the blade. 

6.4. Decision 

To decide which method could be better for the production of this new profile, all the 
advantages and disadvantages of every method have to be analyzed very carefully. Doing 
that, it seems quite clear that the best method regarding productivity and quality is the last 
option explained.  
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However, this method has a big disadvantage that makes the decision unclear. This 
disadvantage has been explained before and is the one that it’s very difficult to control the 
movement of the blades. For that reason, before taking that decision, it was decided to make 
a prototype to see if the movement of the blades will behave as it was supposed (See 
Appendix E. Test number 1) 

After making that test, it was observed that the blades behave quite similar as it was 
predicted. Although the prototype was quite rude and any measurement could be done, it 
was enough to get some important ideas about this method: 

- It is very important to produce the movement pulling instead of pushing. When trying 
to push, the blades move in a very disorganized way and it is impossible to control the 
movement. 

- It is also necessary that the blades are all the time completely stretched because it’s 
mandatory that the blades follow the correct way all the time. If they follow another 
way, the distances are not maintained and the second grinding will not be ok in 
relation with the first one. 

As a conclusion, it can be said that as the results of the test were as good as 
predicted, the option that will be developed to produce this new kind of blade profile will be 
this one. 
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7. Finding a production process solution 

 As these new blades will be produced with a different material than the usual one, it is 
necessary to analyze the actual process and see if it is the best process to produce this 
profile. 

7.1. Option 1. Milling 

 This option is the one that Håkansson is using nowadays. However, as it has been 
explained before, the material for these new blades will be hardened before the machining 
process and it will have around 500HV of hardness instead of the 325HV that they are using 
now. 

 Some companies of milling tools were asked in order to see if it was possible to mill it 
or not. They said that it was difficult but possible to mill this kind of material. However, 
Håkansson said that as they are working more than one blade, there can appear a lot of 
vibrations when trying to mill them and it is not a proper process. 

 So, after talking with Håkansson it was decided to discard this method and try to 
produce those blades using grinding technologies. 

7.2. Option 2. Grinding 

 As it has been described in the previous paragraph, the machining of those wheels 
will be done by grinding. However, there is different kind of grinding processes that could fit in 
this kind of process.  

 The first technology analyzed was the CBN grinding. This technology consists on 
using steel wheels covered with a very abrasive material to produce the whole profile in one 
grinding operation. This method is very good for this kind of processes. However, there are 
some disadvantages that make that this technology is not the best one for this process.  

 One disadvantage is that the speed needed for those wheels is very high. This 
implies on one hand that the engines needed for those wheels will be quite big and 
expensive. Apart from that, it will be more difficult to control the vibrations of the machine with 
this high speed.  

 Another one is that this kind of wheels cannot be redressed as a common grinding 
wheel. These wheels always have the same shape until the abrasive disappears. That makes 
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that this process cannot be controlled very well. There must be some changing wheel 
frequency without knowing if they are still working properly. If the wheel get damaged for 
some reason and the abrasive powder disappears, then the steel is touching the blade and it 
is really dangerous because a lot of sparks will appear and everything would be overheated. 

 The other grinding solution analyzed and the chosen one was the grinding with 
ceramic wheels. After contacting with some grinding wheel companies such as Saint-Gobain 
or Sveaco, it was decided to use the next specification wheel: 

“VORTEX IPA 60 HA 26 VTX” with a speed of 40m/s and with the next dimensions 500 x 50 
x 203 mm (see Appendix F. Vortex technology). 

Working with that wheel has the advantage that the wheel can be dressed as often as 
it is needed, so the wheel can have always the desired shape. The dressing method chosen 
is the use of a dressing diamond wheel because is very accurate and also very fast. 

Deventech calculated if with that wheel could be possible to reach the desired 
productivity and they realized that using that wheel the machine will be able to produce 
around 250-300m/hour.  
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8. Specific Requirements of the machine 

After deciding to develop this option as a way to produce this profile, Håkansson 
decides to order to the engineering company Deventech the development of that machine. Is 
in that moment when Håkansson needs to specify very clearly the requirements of the 
machine. 

When they do that, they increase the difficult of the machine increasing the 
requirements decided in the first meeting (See Appendix G. 2nd Håkansson meeting). At the 
end, these requirements are the next ones: 

 

Properties Requirement Desirable 

The packet width 40mm - 

teeth depth: 4 mm 5-6 mm 

Capacity: 250 m finished band/h 300 m finished band/h 

Blade height: 10 – 19 mm 10 – 33 mm 

Breast angle (α) 0° - 15° 0° - 20° 

Islet angle (φ) 0° - 20° - 

Top teeth angle (γ) Undefined Undefined 

Height tolerance: ±0,025 mm - 

Tolerance between teeth: ±0,025 mm - 

Raw material tolerance: ±0,025 mm - 

Table 2 

Looking the above table, it is easy to realize that the fact that the most of the angles 
must be variable instead of fix as it was at the beginning makes the design of the machine 
more difficult.  
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9. Developement of the chosen idea 

As can be seen in the previous point, there are a lot of changes in the initial 
requirements of the machine. The original idea to produce this new profile of blades was 
based in the shape described in the patent. The fact that this new requirements had been 
added makes that the chosen idea needs to be modified in order to adapt it to them. 

The most important changes are described in the next points. 

9.1. Study of the movement of the blades 

As it was previously said, if the blades are pulled in the correct geometry, the error 
produced due to the φ angle is  

( )ϕϕ −⋅⋅= tan2 de     (See Appendix C. Error when moving the blades) 

With the original requirements, it was not a problem to use the chosen distribution 
because the error was very small. There are two new requirements that made that the 
original idea does not work. These are the package width of 40 mm and the φ angle from 0º 
to 20º. The next table shows the maximum width allowed. 

 

φ angle Maximum width allowed 

3º 900mm 

4º 381mm 

5º 195mm 

6º 112mm 

7º 70mm 

8º 47mm 

9º 33mm 

10º 24mm 
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φ angle Maximum width allowed 

11º 18mm 

12º 13,5mm 

13º 10,5mm 

14º 8,5mm 

15º 7mm 

16º 5,5mm 

17º 4,5mm 

18º 4mm 

19º 3mm 

20º 2,5mm 

Table 3 

As can be seen in the previous table, when working with big angles, the package 
width is too small. Therefore, it is necessary to make some changes in this idea to be able to 
produce the profile with these new requirements.  

9.1.1. Two angled grinding wheels 

One possibility to correct this error consists on changing the angle of the blades and 
the machining wheels in a small variation δ, maintaining the desired φ angle and making the 
error disappear. The way of putting the blades and the wheels is shown in the next picture.  
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Fig. 10 

The important thing of this new distribution is to maintain always the φ angle, and of 
course, make the error equal to 0. Looking at the Appendix H. Correct δ angle to annul the φ 
error it is proved that always exist the correct angle δ to make disappear the error. For the 
angles 5, 10, 15 and 20, the angles can be corrected with the next variation. 

 

Φ angle δ angle 

5º 0,013º 

10º 0,103º 

15º 0,352º 

20º 0,854º 

Table 4 

This method could be perfect if the design of the grinding units could be made with 
the possibility of moving the angle of the wheels. However, it is very difficult to make that 
design with this kind of angular movement because it became less rigid and can appear 
undesirable vibrations.  

So, another solution could be to make it without movement but instead of being with 
δ=0, it could be used an intermediate δ = 0,4335. When trying that, it is easy to see that is not 
possible because the error is too big. 

 

90-φ 90-φ 

φ+δ 

φ 

δ δ 

Grinding directions φ 

φ+δ 
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φ angle δ angle Maximum width allowed 

5º 0,4335 5,5mm 

10º 0,4335 7,5mm 

15º 0,4335 30,5mm 

20º 0,4335 5,5mm 

Table 5 

As can be seen in the previous table, it seems that this solution is not the best one. If 
the movement of the grinding unit was possible, it will be perfect, but if not, it will be a 
problem. 

9.1.2. Use of a positioning blade 

Another solution could be to use a system that positions the blades in the second 
clamping jaw. This system must be based in some kind of blade that goes into the first 
grinded teeth when they arrive to the second grinding unit and it moves all the blades and 
position them in the correct way. 

 

Fig. 11. 

Movement direction 
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As can be seen in the previous picture, it is needed to have all the blades in the same 
direction than the positioning blade. As the movement that must be done it’s not very big, 
there will be no problem to move the blades to a correct position.  

However, when the blades are being repositioned in the second grinding unit, it is 
very important to know that the blades cannot be moved on the first clamping jaw. That 
happens because before using the positioning blade, the blades are already well positioned 
on the first clamping unit. For that reason, it is necessary to move the blades on the second 
clamping jaw while the first one is closed, so the positioning on the first clamping jaw is still 
ok. That implies that some space is needed between the two clamping jaws to allow the 
blades move freely when using the positioning system. That’s why it is needed to change the 
geometry decided before (see Fig. 9) like in the next picture. 

 

Fig. 12  

If the blades are positioned like in the previous picture, when the positioning system is 
moving, the blades can have space to move. A problem that can appear is that when the 
blades are moved by the positioning system, the outer blades needs to move more than the 
inner ones. However, the blades that must move more are the inner ones, so there is not any 
problem. (See Appendix I. Position of the blades in the second jaw) 

Another thing that must be observed with that new geometry is that instead of pulling 
the blades from the 2nd grinding point, we have to push them from the 1st one. That happens 
because when pulling the blades without anything to guide the blades between the two 
clamping jaws, the tolerance in the 1st grinding is lost. With the initial idea, it had to be pulling 
because the blades were completely guided by the geometry of the machine. With that new 
idea, the tolerance in the first grinding is maintained because the feeding system is there, and 
in the 2nd grinding the position is given by the positioning blade. 

Clamping jaws 1st. grinding 2nd. grinding 

Free movement space 
Movement of the blades when the 
positioning blade is working 
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9.1.3. Conclusion 

Analyzing these two options can be seen that it is better the use of the positioning 
blade than changing the angles of the grinding wheels. While the use of the positioning blade 
work without problems, the changing of the angles of the grinding wheels can produce 
vibrations and instability in the machine.  

As a conclusion, it is possible to affirm that in this moment of the project is better to 
use a positioning blade. 

9.2. Study of the distances of grinding/milling 

The distance of the grinding wheels is another important point that must be analyzed 
very carefully.  

As the machine must be able to produce different kind of profiles, (3 teeth per inch, 4 
teeth per inch, etc) and different φ angles, it is quite complicated to find the proper distance of 
the grinding wheels. This happens because the distance of the grinding wheels must be 
perfectly calculated in order to grind the second profile exactly in the place that it must be 
regarding the first grinding. So, if there is a change in the φ angle or the number of the teeth 
per inch, then the number of teeth that are in between the two grinding wheels is also 
different. 

After making some calculations, the distance between the two grinding wheels has to 
be the next one. (See Appendix J. Distance between grinding wheels) 

( )
ϕ

ϕϕϕ tan2sin −⋅⋅+⋅⋅
=

yNe
D          (Eq. 2) 

Analyzing this equation can be seen that the proper distance for the first blade 
depends on a lot of parameters such as the φ angle, the number of teeth per inch of the 
blade and the dimensions of the jaws.  

All these three parameters can be controlled in different ways. So, another time, the 
best options to control them are moving the grinding unit or using a positioning blade.  

9.2.1. Grinding unit movement 

The advantage of moving the grinding unit is that the wheel can be positioned on the 
exact place that is needed. In that way, there is no problem to have the wheels always in the 
correct distance.  
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The disadvantage of this method is that, as explained before, any movement applied 
on the grinding unit always carries instability to the machine and vibrations can easily appear. 

Apart from that, if the wheel is moved only to correct the distance between the wheels, 
the error produced for the movement of the blades (see title  9.1) is still there. That means that 
it will still be necessary to have angular movement in the grinding units (see title  9.1.1) or to 
use a the positioning blade system (see title  9.1.2).  

9.2.2. Use of a positioning blade 

This option consists, as described before, in the use of a kind of positioning system to 
position the blades in the second jaw where it’s needed. 

The main advantage is that this positioning system can position the blades to correct 
this error and also the error produced because of the φ angle (see title  9.1.1). 

The disadvantage of this method is that as the φ angle is quite small, it’s only possible 
to move the blades also a small distance. This distance is expressed in the next equation 
(see Appendix K. Maximum movement allowed of the positioning blade). 

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−⋅⋅−+⋅−= 1

sin
sincosmax

ϕ
ϕϕϕ tgLDmovement       (Eq. 3) 

Having a look at this equation it is easy to see that this small distance depends on a 
lot of factors. However, all of them are always fix parameters, except the angle. So, fixing all 
the design parameters, changing the D distance and the φ angle, the next table can be made 
to have an idea of how much this distance can be.  

 

φ angle 

D = 1015 mm            
L = 120 mm              

g = 101,6 mm            
t = 40 mm 

D = 1421 mm               
L = 120 mm                

g = 101,6 mm              
t = 40 mm 

0º 0mm 0mm 

5º 1,26mm 1,78mm 

10º 5,05mm 7,12mm 
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φ angle 

D = 1015 mm            
L = 120 mm              

g = 101,6 mm            
t = 40 mm 

D = 1421 mm                
L = 120 mm                 

g = 101,6 mm               
t = 40 mm 

15º 11,40mm 16,08mm 

20º 20,40mm 28,76mm 

Table 6 

As can be seen in the previous table, this distance is very small compared with the big 
distance D between wheels. This is a very big problem because this distance has to be long 
enough to correct the distance between wheels and also the error produce because of the φ 
angle. 

As the perfect distance to put the grinding wheels is depending on so many factors 
(see Appendix J. Distance between grinding wheels), it is quite difficult to find one distance 
that always work for all the angles and for all the different profiles (teeth per inch). 

For instance, using a random distance such as D=1410mm (with the same designing 
parameters as in Table 6), it can be seen in the next table that a lot of the distances that the 
positioning blade must move are bigger than the ones allowed (compare with Table 6) 

  

 n = number of teeth per inch 

φ angle 2 3 4 5 

5º 2,14mm 6,37mm 2,14mm 4,68mm 

10º 7,69 11,90mm 7,69mm 0,11mm 

15º 16,93mm 4,37mm 4,37mm 9,39mm 

20º 4,93mm 0,78mm 4,93mm 2,44mm 

Table 7 
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So, one first approach to the correct distance is to use always a distance close to a 
multiple of an inch. That is a good approximation because as all the produced profiles have 
an enter number of teeth per inch, there will be always an edge in every inch. 

For instance, if using D = 40·25,4 = 1016 ≈ 1015, it can be seen in the next table that 
all the necessary distances that the positioning blade must move are smaller than the 
maximum allowed except one (Compare with Table 6). 

 

 n = number of teeth per inch 

φ angle 2 3 4 5 

5º 0,34mm 0,34mm 0,34mm 1,70mm 

10º 4,39mm 4,39mm 4,39mm 4,39mm 

15º 11,15mm 11,15mm 11,15mm 1,10mm 

20º 20,57mm 3,98mm 8,12mm 10,61mm 

Table 8 

On the other hand, another important thing to check is that the distance that the 
positioning blade is moving is also bigger than the error produced by the φ angle. This error 
does not depend on the D distance either the designing parameters; it only depends on the φ 
angle and the blades width t (see Appendix C. Error when moving the blades). So, making 
the calculation for these angles and this width the next results are obtained. 

 

φ angle Minimum distance of 
the positioning blade 

5º 0,018mm 

10º 0,144mm 

15º 0,492mm 

20º 1,192mm 

Table 9 
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Comparing with Table 8, it can be seen that all the movements made by the blades 
are bigger than the minimum required. However, as it was said before, the distances are very 
small compared with the D distance. That can be a big problem because any small error in 
the movement of the blades can result in an incorrect position in the second grinding unit. 

This example is not the optimal distance because the profile of two teeth per inch in 
20º is not possible to do it. To be able to get it, one has to make the maximum distance of the 
positioner bigger. Looking at the equation 3, it can be seen that to make bigger that distance, 
the D and g distances have to be increased and the L and t distances have to be shorter. 
Doing that, other distances can be found in which all the different pitches and degrees can be 
produced. For instance, with the same fix parameters the next two distances work perfectly; 
D = 1421 ≈ 25,4·46 or D = 1523 ≈ 25,4·60. 

9.2.3. Conclusion 

Analyzing the last two options it seems that the easiest way to obtain a compact and 
rigid machine is the use of the positioning blade. However, it seems quite complicated 
because of the smaller tolerances that are used.  

As the theoretical results are ok, it seems good to try to produce the machine in that 
way, having the wheels fixed. However, as the specifications of the φ angle are from 0º to 
20º, when working at 0º the blades cannot be moved with the positioning blade at all. That 
means that it will be almost compulsory to be able to move the second grinding wheel. 

However, as a positioning blade to correct the φ angle is used, maybe it could be 
possible to avoid the movement of the grinding unit correcting the error trying to change small 
things on the design, such as the shape of the dressing wheel for different profiles. The 
design of the dressing wheel can affect on the distance because can decide where the 
grinding starts. However, the distance that can be controlled is just the distance of the chip 
chamber teeth. 

As a conclusion, it is obvious that the solution to solve both errors will be the use of 
the positioning blade. What is not clear is if it will be needed to have a movement on the 
second grinding unit or if it will be enough adjusting very carefully the design parameters.  

To know that, it will be necessary to make a full sized prototype in which will be 
possible to see and measure the real error produce with the blades. If the blades always 
behave as it is studied, it will not be needed the movement of the grinding unit. However, if it’s 
impossible to control, this movement will have to be added. 
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9.3. Study of the γ angle 

Regarding the requirements described in the patent, it is important to have a top teeth 
angle between 1-15 degrees to have stability while cutting and also a more sharp edge. 
However, it seems that if that angle could be 0 degrees, then the life of that profile would be 
longer than the other one.  

That thinking appears because if γ=0˚ all the teeth surface is cutting at the same time. 
However, if the γ angle is greater than 0˚, then only one side is working (see next picture) 

 

Fig. 13 

As it can be seen in the previous picture, the cutting surface is bigger when γ=0, but 
the stability can be a problem. The profile with γ > 0º has auto guidance while cutting 
because of the space between the cutting profiles. The profile with γ=0 doesn’t have this 
space, so it is very difficult to know if it will be stable or not.  

As nobody has never tried before which profile is better, it would be necessary to 
make a test with the two kinds of profiles and decide which one is better. However, there is no 
time left to produce these blades and make that test. However, the difference between 
making a machine able to do one or the other profile is very small. As can be seen in Fig. 7 
and Fig. 8 the only difference consists on grinding the chip chamber teeth each time (for γ>0˚) 
or grinding the edge each time (for γ=0˚). So, it could be possible to start the design of the 
machine without caring about that, and meanwhile, make the necessary tests to solve it.  

Working area 

γ=10˚  γ=0˚  

Non working area  

Working area 
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9.4. Study of the α angle 

The variation of the α angle is also something that has to be considered in the design 
of the machine.  

To solve that problem, it was analyzed how Håkansson is solving it with their milling 
machines. What they are doing nowadays consists on using a special milling tool that has its 
spinning axis with the desired angle (see next picture) and a machine with the axis also at the 
necessary α angle. 

 

Fig. 14 

When they have to change from one angle to the other they change the tool and the 
inclination of the machine to get the rotatory axis in the desired angle.  

Analyzing that process it was decided that it could be good for the vibrations of the 
machine not to move the angle of the grinding unit. Then, the solution to that problem consist 
on having the grinding unit fixed and change only the wheel shape to the correct inclination. 
However, to make it work, it will be needed that the axis of the machine has to be the biggest 
α angle needed.  

Doing in that way, when the angle must be changed, it is only needed to change the 
dressing wheel. 
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10. Design of the machine 

 The complete design of this whole machine is a very big work to do in just one thesis. 
However, there are a lot of grinding machines that already exist that are able to produce band 
saw blades. What is new in this project is the layout idea to produce this special profile for 
Håkansson. That’s why the main design work made in that Report is based in the design of 
the clamping system that allows the production of this special profile. 

10.1. Grinding units 

 Deventech has already designed and built a hand saw blade grinding machine. So, 
the main idea to design this new machine is to take the current design of the grinding units 
that Deventech has and modify them in order to produce the new saw blades. 

 Having a look at the current design of this grinding unit (See Appendix L. Description 
of the Deventech hand saw blade machine), it can be seen that there are some things that 
are different from the ones needed.   

 The first one, and the most important, is that the grinding units in the hand saw blade 
machine have a horizontal movement. This movement is used in order to grind the profile in 
the blade. In the new machine it was decided to design this grinding unit fixed in the chassis 
of the machine and instead, put that movement on the clamping system. That decision was 
taken because the vibrations of the machine can be reduced a lot because these units weight 
around 200kg. Another important reason is that the cost of the machine can be reduced 
because the servomotors needed to move that units must be stronger than the ones for 
moving the clamping system. 

 Another one is that the dressing tool of the hand saw blade machine was also in the 
horizontal axis. On that way, when the grinding wheel is redressed, the machine recalculates 
the depth again and then they could continue grinding. That was possible because the 
machine is producing one blade each time and the grinding is produced from the tip of the 
teeth to the bottom. However, in that new machine, as it is working with a package of blades, 
it has to be grinded from one side to the other of the package. That means that every time the 
wheel is dressed, the vertical axis has to be moved. The solution taken in that case, is putting 
the dressing wheel on the vertical axis. So, when the wheel needs to be dressed, it comes 
up, get dressed and get down to the new calculated position.  

 The new distribution of the grinding units will be the one shown on the next drawing. 
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Fig. 15 

10.2. Clamping system 

 The design of the clamping system is the main designed part of this Thesis as it has 
been explained before. As long as the grinding units were based on the grinding units 
designed for Deventech, the design of the clamping system is not. This clamping system is 
different to any other system because of the special geometry requirements that it has to 
have. However, some of the designed parts can be based in the clamping system that 
Håkansson is using today because they are also clamping packages of blades. 

 In the next points are described the most important functions of the clamping system 
and also the way of solving them. 

Dressing 
spindles 

Grinding 
spindles 

Grinding 
motors 

Clamping 
system 
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10.2.1. Horizontal linear system 

 As it has been decided that the grinding units will be fixed on the chassis of the 
machine, there must exist some mechanism that makes the clamping system move in the 
horizontal direction (grinding direction). 

 As the design of the machine is always based in obtaining the most rigid and simple 
machine as possible, it has been decided to make a big planar base moved by servomotors 
and guided through roller guides. Then all the clamping system is mounted on top of that 
base (see Fig. 16). 

 Doing in that way, the design of all the other components is simpler because 
everything can be designed as if it was a static design.  

10.2.2. Angular movement solution (φ) 

 The first thing that must be decided is if the system will be automatic or manual. That 
is very important because the cost of the machine will change quite a lot regarding on that. 
After talking several times with Håkansson it seems that the system would be manual 
because this angle must be changed just at the moment of setting up the machine and then, 
there is no need of changing it.  

 As the changing of the angle will be manual, it is very important to find a solution that 
will be fast to change and also exact. The solution chosen was very simple but exact as it can 
be seen in the next drawing. 

 

Fig. 16 

Linear bases 

Angular bases Calibrated parts 

Base machine 
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 This option consists in fixing the angular base on the horizontal base with screws and 
T-Nuts. In that way the base can be fixed in any degree between 0 and 20. The mechanism 
that will be used to position the correct angle consists on using a calibrated piece of steel with 
a calculated length that it’s placed between the base and a fixed roll on the horizontal table. 
When the base is in the correct position, the screws must be tightened and the machine is 
ready to work with that angle. 

 To solve physically the angular movement it is important to note that it would be good 
if the centre of the movement would be in the centre of the clamping jaws. That happens 
because if the centre is far from the jaws, the distance that the jaws move when turning would 
be very big. It is important that this movement would be as small as possible because if the 
wheels are fixed it is easier to control all the measurements. 

 However, as it will be explained later, in the centre and down of the clamping jaw, 
there will be another system used to take out the burrs of the blades. That means that a big 
hole of diameter around 250mm is needed. So, to solve that problem three ideas were 
developed. 

10.2.2.1. Bear system 

The first idea to solve that problem was to make that movement using one angular 
bearing that units the two deferent bases. This thought was taken because these kinds of 
bearings are used when an application of self centering is required. For this application it 
would be really good to use a self centering mechanism. However, that option was discarded 
because that movement is almost always static and these kinds of bearings are working 
properly when it’s a dynamic movement. 

Apart from that, another disadvantage is that when using this kind of bearings, the two 
planar bases cannot be tightened together because they have to be hold on the bearing and 
not between them. In the new design it is desired that the two planar bases are tightened 
together in order to get a very rigid mechanism. 

10.2.2.2. Linkages. 

Another solution that was analyzed was the use of linkages. This method consists in 
combine different rotatory bars, putting their rotatory centre in strategic points in order to 
make the whole mechanism turn around a desired point. 

The advantage of that system is that the system can turn in the chosen centre point 
without having any problem with the burrplate system on that point. However, this idea was 
discarded because it is quite complicated mechanism and sometimes is not as exact as it 
could be desired. 
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10.2.2.3. Metal ring 

The last solution studied and the chosen one was to produce a ring with the desired 
diameter that would be tightened in the upper base. If in the down base there is a hole of the 
same diameter than that ring, it is easy to make them adjust. Then the system can turn 
around the centre of that ring with the desired hole inside to put there the deburring system. 

The main advantage of this idea is that is very simple to produce it because the 
tolerances that can be obtained machining a ring and making a hole in the base are very 
small. And apart from that, the ring only works as a centre mechanism, it means that the two 
bases can have planar contact and it allows to tight them very good. 

 

Fig. 17 

10.2.3. Feeding system 

At the beginning of that thesis it was decided to make the feeding system by pulling 
the blades because it was the easiest way to control the movement of the blades (see section 
 6). However, after the final specifications required for the machine were set, it was decided to 
push them from the first grinding unit and use a positioning system in the second unit (See 
section  9). 
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So, as the pushing system is the system that Håkansson is using nowadays and it 
works very well, this is also the developed idea for the new machine (See Appendix M. 
Håkansson’s Clamping and feeding unit) 

That idea consist in a feeding jaw that is positioned before the first clamping jaw and it 
is oriented in the same direction than this. This feeding jaw is guided by rails and its 
movement it’s controlled by one servomotor because a lot of accuracy on this movement is 
needed (see next picture). 

 

Fig. 18 

That system is very simple but it’s the easiest way to move the blades. When the 
clamping jaw is open, the feeding one is closed and moves itself to the next grinding position. 
After that, the clamping jaw is closed and the feeding one open, goes back to the original 
position and close again waiting for the next movement. 

10.2.4. Burrplate system 

As the machine is grinding a package of blades from one side to the other it is quite 
sure that burrs will appear on the blades. Talking with Håkansson technicians, they show us 
what they knew after all that years of experience. It seems that if the package is hold very 
hard in the clamping jaws, burrs only appear in the last blade of the package. 

The solution that they are using nowadays consists on the use of a metal plate that is 
also milled as if it was another blade. Then, the last blade doesn’t have any burr because this 

feeding jaw 

servomotor 

guides Clamping jaw 

Angular base 
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metal plate acts as if there was another blade after the last one and the burr appears in the 
burrplate instead of the last blade (see the next drawing). 

 

Fig. 19 

  The most important thing in that system is that after every machining process, the 
burrplate has the shape of the teeth, so when machining again, the burrplate will not be 
grinded because the shape is already done and burrs will appear in the last blade. So, this 
burrplate system must be able to move that plate up after every machining process in order to 
have always material to remove. 

As the system of Håkansson worked very good with their actual milling machines, it 
was decided to get the idea to introduce that mechanism in the new machine. 

10.2.4.1. Using a rotator-linear pneumatic system (Håkansson system) 

The system Håkansson is using nowadays consists on a plate positioned in the back 
clamping jaw. That plate is going up after every milling a distance of 0,2mm approximately 
(see Fig. 19) 
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The mechanism they are using to move the burrplate up consists in a rotator-linear 
pneumatic system that moves a screw that pushes up the burrplate. When the burrplate is 
ended, it is need to replace it for a new one. Then an engine makes turn the screw in the 
other direction, so the support of the burrplate goes to the initial position. (See Appendix N. 
Håkansson’s Burrplate system ) 

10.2.4.2. Using a servomotor 

The previous idea is very good. However, after analyzing the physical design it seems 
that it could be built in an easier way. That new idea consists on the use of a stepper motor 
instead of a linear-rotatory pneumatic system plus a normal engine. This new system is 
cheaper than the previous one and is also more compact. Only one motor is needed while in 
the previous case, it was needed a lot more of mechanisms (See next picture). 

 

Fig. 20 

10.2.5. Hammer system 

As it has been explained before, one of the most important tolerances that have to be 
maintained in the produced blades is the height of the teeth. So, the fact that a package of 
blades is being grinded at the same time makes it very difficult to control that all the blades 
are at the same height.  

burrplate 

stepper motor 
screw 
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Another time, as Håkansson has been working with packages of blades for a long 
time, the ideas developed were based on their system.  

10.2.5.1. Frontal system (Håkansson system) 

Håkansson system to keep the same height in all the blades consist in press down all 
the blades just before the clamping system is holding the blades. As the number of blades 
that are being pressed down is quite big it will need a high pressure (Håkansson is using 
nowadays around 400bar). That means that this system must be strong enough to resist this 
big strength. 

Håkansson’s system is based in three pneumatic hammers that are supported in a 
guided system that is fixed in the clamping system. When the milling operation is finished and 
the blades are positioned for the next operation, this guided system comes from the back of 
the clamping system and positions itself in top of the blades. Then the three hydraulic 
hammers press down all the blades.  

10.2.5.2. Lateral system 

Again, after analyzing this mechanism, there were some aspects that could be 
improved in the new design to fit better in the new machine.  

One disadvantage is that as the grinding wheel measures approximately 400mm in 
diameter, longer guides are needed than for the milling machine of Håkansson (the milling 
wheel diameter is around 200mm). To solve that, it was decided that it could be good that the 
system of hammers is coming from the side of the clamping jaw instead of the back. 

Another disadvantage is that the new package of blades is around 40 mm.  That 
means that it could be possible that sometimes the machine tries to grind 80 blades at the 
same time. That implies that the force applied in the hammer system is very big and it could 
be a problem for the roller carriages to support all the strength. To improve that it was 
decided that it could be very good if the force from the hammer goes directly to the base of 
the machine instead of the guides.  

The solution adopted to solve these two problems consists in make a lateral guide 
were the hammer support moves. When it goes to the position of the blades it gets into a 
fixed support on the base. So, when the hammers are making all the pressure, the fixed 
supports are taking all the force and when the pressure finishes, the hammers come to the 
side through the lateral guides (See next picture). 
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Fig. 21 

10.2.6. Positioning blade system 

As it has been described in the title  9.1 and  9.2 it is needed a system that positions 
the blades in the correct position on the second grinding unit. 

The designed system consists in a blade that comes from one side and goes into the 
chip chamber teeth shaped in the first grinding section. Once inside, a servomotor moves the 
entire unit to the correct position. 

All this system must be fixed in the linear base instead of the angular base. That 
happens because the position of the blades always has to be vertical. It doesn’t matter which 
φ angle is being produced.  

This system must be very exact because the tolerance that must be maintained in the 
blades is very small. That means that this system must be very strong because there cannot 
be any flexions or movements that might lose that tolerance. So, the solution decided 
consists on make a lateral system guided very strongly so no error can be produced. 

Another important thing is that when moving the blades with this system, they must be 
still guided by the clamping system or another system that makes the blades follow the 
correct direction.  

piston 
pneumatic hammers 

guides 

Fixed supports 
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The design made is the next one. 

 

Fig. 22 

10.2.7. Guide for blades 

As it has been explained before in several points is very important that when the 
blades are moving from the first grinding group to the second grinding group, they must follow 
the exact studied path. If they do not do that, all the calculations made for the positioning in 
the second grinding unit are not correct. 

For that reason is necessary to design a system to guide the blades from the first 
grinding unit to the second one. 

This system must be designed in a way that the blades have to be guided just for the 
external side, so the inner ones can have enough space to band when the positioning blade 
is working (See section  9.1.2). 

The first idea for producing that system was to build the system in the horizontal base 
following the horizontal grinding movement. This idea was chosen at the beginning because 
in that way, the outer blades could be always in contact with the rollers. 

servo motor 
piston 

blade guides 

positioning blade 

roller guides 
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However, it is not necessary to build that system with that movement because the 
blades only need to be guided when they are moving from one grinding position to the other. 
That movement occurs when the clamping system is completely out of the grinding zone. 
Then, it is possible to put the positioning system at the end of the horizontal movement where 
the blades will be moved. Considering that, was decided to design that system fixed in the 
main base of the machine (see next picture). 

 

Fig. 23 

With that new system is very easy to change from one φ angle to another. It is only 
needed to change this block and put another one with the correct distribution of the rollers. 
The only condition that must be accomplished to make that system work properly is that when 
the blades are going to be moved, all the clamping system must be positioned in the exact 
place.  

roller guides 

block base 

Movement of blades 
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11. Economical study 

The economical study of that project consists on knowing if it is worth or not to make an 
investment to buy that machine. 

To start with the economical study it is need to know the cost of producing one meter of 
blade by Håkansson nowadays and the cost of the new blades. They gave us the next costs: 

 

Processes 
Old profile cost 

(kr/m) 
New profile 
cost (kr/m) 

Machining 1,56 Unknown 

Setting 0,439 --- 

Tempering 0,683 --- 

Material 2,385 2,90 

Table 10 

So the total cost of producing one blade nowadays is 5,067kr/m. This cost is calculated 
without including costs of packaging, cleaning and other costs that are not interesting 
because they will be the same for both blades. 

The main differences of the new blades compared with the old ones are that the new 
blades don’t need both processes of tempering and setting and that they are using a more 
expensive material. To calculate the price of the grinding process it is assumed that the price 
per hour spent with the new machine will be the same than with the milling machine.  

So, doing like this, the working price for one hour of Håkansson is 390kr/h. Then the 
price for the new blades would be, depending on the productivity calculated by Deventech 
(250-300m/h), the ones shown in the next table.  
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Productivity 250 275 300 

Cost (kr/m) 4,46 4,32 4,20 

Table 11 

Knowing that the machine quoted by Deventech is based in the designs explained 
before, the machine will cost 1.927.000kr and that it will have production rates around 250-
300m of finished blades per hour, it is possible to estimate the time of the amortization of that 
investment. To do that, it is only need to make the difference between the prices of the new 
blade minus the actual one. That means that if the new blade is sold at the same price than 
the actual one, Håkansson can have the money back in the time shown in the next table 
depending on how many blades they can sell (produce). 

 

Productivity 
(m/h) 250 275 300 

hours/day amortization time (years) 

8 5,29 3,90 3,09 

16 2,65 1,95 1,54 

24 1,76 1,30 1,03 

Table 12 

As it can be observed in the previous table, it is easy to see that the machine can be 
amortized very fast. However, it depends of course on the difficulties that Håkansson will 
have on selling the blades. 

It is in that moment of the project when Håkansson needs to know exactly the 
advantages of that new profile in order to estimate the market they can have. They really 
need to know if it will be really better than the usual one or not. For that reason was decided 
to make a small test in order to compare the new blades (see Appendix O. Test number 2) 
with the actual ones. 

As can be seen in that test it seems that the new profile has better and worse 
properties than the usual one (see Appendix O. Test number 2). However, the fact that it can 
be sold cheaper than the actual one is a very good thing because if the price is lower than the 
normal one, it is easier for the customers to buy a new product. 
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However, it is very difficult to decide if it will be easily accepted by the market or not 
because with that test it is impossible to see the real properties of that blade because the 
quality of the obtained blades is not perfect. So, the obtained results are also not perfect and 
it could be risky to make the decision of buying that new machine without knowing if it will be 
really a safe investment. 

For that reason, before buying that machine it could be good to continue testing this 
new profile until being able to obtain a perfect blade to make more realistic tests. 
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12. Conclusions 

The big amount of changes that had been suffering that project makes that not all the 
points could be analyzed as deeply as it could be desired from the beginning. However, as it 
has been shown during all the report, the basis to produce the blades and also to produce the 
proper machine to do them had been established. So, although the conclusions reach in that 
project are not definitive and exact, they show the way for another researchers to continue 
with that work. 

The first conclusion is that the most proper way to produce that profile in a fast and 
reliable way consists on basing the machine in the described layout distribution. It is very 
important to follow that distribution because allows to reach the biggest productivity.  

Another conclusion obtained is that the process decided to produce that profile will be 
grinding and a specific wheel had been chosen regarding the desired requirements. 
Combining the properties of putting the blades in the chosen layout distribution and the speed 
of cutting of that wheel, it is possible to reach the desired production rates. 

When these two things were established, the principles of the machine needed to 
produce that blades were set. Then the designing work begins. A big designing work has 
been done, not in a deeply way part by part, but more based on the distribution of the most 
important parts and the clarification of the main ideas. As it has been explained, the most 
important point for the design has been trying to make the machine as rigid as possible in 
order to eliminate all the possible vibrations. With that purpose, all the movements had been 
positioned on the clamping systems and the parts that had big forces were also fixed on the 
chassis of the machine instead of the grinding units. 

Regarding the economical part of the project, it has been proved that the production 
of the new blades will be quite cheaper than the actual ones. That is very good and if the 
Håkansson market accepts those new blades, very short time will be need to get the money 
of the investment back. However, it is very difficult to estimate that market because 
Håkansson is not sure of the reliability of that new profile.  

In that purpose, some tests were made in order to prove it. The results obtained in 
that tests are quite hopeful for the future. It seems that this new profile is cutting a bit slower 
than the one with setting teeth that they are selling nowadays. However, the material lost 
when cutting is less than before. However, these results are not very reliable because they 
were obtained with a profile that was not perfect; some tolerances were lost and there were a 
lot of burrs on the teeth.  
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After that project is finished there are still a lot of things to continue if Håkansson 
wants to commercialize their blades: 

1. Continue the testing of those blades. To decide if it is worth or not for 
Håkansson to buy the machine, they must be able to base their decision on 
some trustable result. That’s why it is very important to produce prefect 
blades with that new profile and test them properly. 

2. It could be also really interesting to try to obtain blades with γ = 0º because 
the length of the cutting edge is doubled. It is very important to test that, 
because there are no blades on the market that has this property. Maybe, it 
could happen that the result obtained is much better than with the usual 
ones. 

3. Once the blade results will be obtained, the next work will be to analyze the 
market and calculate the possibilities of Håkansson to sell those new 
blades. The advantages and disadvantages of those blades for the most 
important customers have to be analyzed in order to get a proper 
estimation of it. 

4. If the results obtained with the blades and the analysis of the market are 
favorable, then there is a lot of work in designing the machine. It will be very 
important that, before beginning with the design the machine, some 
movement tests with the blades must be done in order to see if the 
behavior of the blades is the same than the analytical one. The result of 
those tests will be very important because depending on those results, the 
design of the machine will have to be made in one way or another, such as 
with fixed grinding units or the movement of one of them. 

 

 



Design of machine for saw blade manufacturing  65 

13. Bibliography 

Books 

[1] Canivell, A., Geiler, D., Olsson, N., Sjöberg, S., “Håkansson Sågblad, Effektiv 
 Producktion, 4G1134”, Licentiate Thesis, KTH, Stockholm, 2001. 

[2] Malkin, S., “Grinding Technology, theory and applications of machining with 
 abrasives”, Ellis Horwood limited, England, 1989. 

[3] King, R., Hahn, R., “Handbook of Modern Grinding Technology”, Chapman and 
 Hall Ltd, New York, 1986.  

[4] Chevalier, A., “Dibujo industrial”, Montaner y Simón, Barcelona, 1979. 

Web pages 

[1] www.ellisaw.com   “Saw blades company” 

[2] www.nortonabrasives.com  “Grinding wheels company” 

[3] www.sveaco.se   “Grinding wheels company” 

[4] www.saint-gobain.com  “Grinding wheels company” 

[5] www.skf.com    “Bearings  company” 

[6] www.festo.com   “Pneumatic systems company” 

[7] www.epucret.de   “Concrete materials company” 

[8] www.framag.com   “Concrete materials company” 

[9] www.solidcomponents.com  “CAD drawings” 

[10] www.web2cad.de    “CAD drawings” 

 



66  Report 

 

 



Design of machine for saw blade manufacturing  67 

Appendix A. 1st Håkansson Meeting 

Date: 2005/09/30 

Place: Håkansson facilities. Åmål. 

Assistants: Lennart Arvidson (Production manager), Kaj Backström (Supervisor), Mathew 
(student) and Jordi Blanché (student) 

  

 That meeting has began with the explanation by Håkansson of their requirements for 
the new blade. After that, Kaj and I have explained them our ideas of how to solve the 
problem and they agree with us.  

 They will send us some blades in order to test the movement of the blades in one of 
our ideas. 

 The main things that have been discussed are the next ones 

- Specifications of the profile: 

They have made some tests in order to obtain this new blade but they hadn’t been 
able to do it. They tried two different methods: 

Punching + grinding: It has some problems such as burrs in the first process and 
deformations, bad precision on the pitch measurements because it is difficult to position the 
blade before doing the grinding. 

Milling + grinding: There are no problems of burrs in the first process but they had the 
same problems in the sharpening than in the case before. 

- Specifications of the material: 

The used material for cutting frozen meet has to be hard, but also has to be very 
flexible in order to admit different forms in the cutting. These blades are mounted between 
two big wheels of ø300mm - ø600mm and the distance between them is quite big. So the 
blade suffers a lot. The used materials are UHB 15 (C 0, 72%) and UHB 15N20 (C 0,75%, Ni 
2%). The company were they buy the material is Udeholm 

The hardness of that material is about 500HV (49,1 HRC) and they say that the 
maximum hardness to mill is 375 HV, so probably, we must think in a grinding process. 
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- Desired production rates: 

Desired production rate: they would like to have 300m/h but they actually have 150-
250m/h. So we must try to get at least 200m/h. 

- Dimensions of the desired blades: 

Two kinds of blades: 16x0,5 and 20x0,6 

Two kinds of angles: 5˚ and 10˚ 

Important tolerance: high must be between 0,05mm. 

3-4 teeth per inch (8,47-6,35mm between teeth). 

Length of the rolled blades: 50-170m 
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Appendix B. Håkansson patent 
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Appendix C. Error when moving the blades 

 

 

 

Considering L = blade distance from the first grinding to the second one. 

For the first blade:  121111 xrdrxL +⋅++⋅+= ϕϕ  

For the last blade:   21 nnnn xrdrxL +⋅++⋅+= ϕϕ  

 

As L is the distance that the blades are moved and knowing that it must be the same for both 
of them: 

  21121111 nnnn xrdrxxrdrx +⋅++⋅+=+⋅++⋅+ ϕϕϕϕ  

  11121112 22 nn xrxrxx −⋅⋅−+⋅⋅+= ϕϕ  

d 

φ 

x12 x11 

xn1 xn2 

rn
r1

1 2 
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Including the angle relation 1 in the last equation: 

  ( ) ϕtan1111 ⋅−++= rrxx nn  

  ( ) ( ) 1212 2tan xrrx nn +⋅−⋅−= ϕϕ  

 

For the angle relation 2 one knows that the ideal distance of the blades would have to be: 

  ( ) 12112 tan' xrrx nn =⋅−+ ϕ  

  ( ) 12112 tan' xrrx nn +⋅−= ϕ  

 

So at the end, the error that is produced will be the ideal distance minus the real one: 

 ( ) ( ) ( ) 121121122 2tantan' xrrxrrxx nnnn −⋅−⋅−−+⋅−=− ϕϕϕ  

 

 

( ) ( )ϕϕ −⋅−⋅=− tan2' 1122 nnn rrxx  

 



Design of machine for saw blade manufacturing  79 

Appendix D. Maximum pitch error allowed 

 To calculate the error that allowed in the pitch one has to use the next angles of the 
profile. 
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Knowing that the maximum ey allowed is 0.05 mm one can write the next relation: 

  0866.0
30tan

05.0
==xe  

 

Using the equation of the error (see Appendix C. Error when moving the blades) one can 
write 

 

 

( )ϕϕ −⋅
=

tan2
30tan

05.0

maxt  
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Appendix E. Test number 1 

This prototype consists on putting ten blades in the way described in Option 3. The 
purpose of the test is to move them to see how they behave.  

 

Fig. 24 

In the upper picture can be seen the particular position of the blades and the grinding 
points.  

The aim of this test was to see if the blades move as it was studied. So, I made a 
vertical mark in the grinding position 1 as it would be with the grinding wheel.  

 

Fig. 25 

1st grinding 2nd. grinding 
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After that, I pulled the blades in the way that these first marks arrived to the second 
grinding point.  

 

Fig. 26 

As can be seen in the previous picture, the first marks are almost vertical and the 
second marks can be done in the next picture simulating the second grinding. 

 

Fig. 27 
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Finally, when the blades go out of the prototype can be seen that the marks are 
beveled as it was desired.  

 

Fig. 28 
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Appendix F. Vortex technology 
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Appendix G. 2nd Håkansson meeting 

Date: 2005/11/03 

Place: Deventech facilities. Orsa. 

Assistants: Bill Håkansson (Håkansson’s Manager), Lennart Arvidson (Håkansson’s 
Production manager), Sven (Håkansson’s Production Engineer), Anders Hanson 
(Deventech’s Engineer), Christer Harberg (Deventech’s Engineer) an Jordi Blanché 
(student) 

 

 The aim of this meeting has been to show me and Håkansson’s staff the hand saw 
blade grinding machine that Deventech has built for another company. After that, it has been 
decided the specifications of the machine that Deventech is going to design for Håkansson. 

- Their grinding machine 

 - The grinding process that they are using consists on grinding only one blade each 
time, so it must be different from the new machine because we need to grind a big package 
of blades. Their machine grinds the blade from the front and the new one must do it from the 
side. 

 - The shape of the teeth of the blades they are grinding is quite similar to the one we 
have to produce. They are using two moving grinding units to produce the odd teeth with one, 
and the even teeth with the other. 

 - The idea of Deventech is to use the same grinding unit to make the new machine. 
They will have to change some designing ideas, but the main concept of the unit will be the 
same. 

-Requirements of the new machine 

 - Håkansson would like to have as thicker package of blades as possible. However, 
we have to arrive to an arrangement. So at the end, we decided to produce a machine able to 
have 40mm width. 

 - The actual capacity that Håkansson has actually in their facilities is around 200m/h. 
However, for that machine they want at least 250m/h and 300m/h if possible. 
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 - The α angle they are actually using is up to 15º. For that machine they would like to 
have at least this angle and if possible, they would like to have 20º. 

 - The height of the blades that they are going to use is 16 and 19mm. However, they 
would like to have a production range from 10-33mm. 

 - The φ angle must be from 0 to 20º. 

 - The deep of the chip chamber teeth must be able to be up to 4mm. 

 - The tolerance on the pitch teeth that Håkansson is using nowadays is ±0,025mm. 
So, on that new profile, the machine must be able to maintain it. 

 - The tolerance for the height of the top of the teeth must be the same than the 
previous one; ±0,025mm. 

 - The tolerance of the height for the raw material it is also very important for the 
design of the machine. Håkansson says that Uddeholm is going to supply them a material 
with a height tolerance of ±0,025mm.  

 - Regarding the γ angle, they don’t know already if it’s better to have 0º or have 
something around 10º. That point is not decided in that meeting and it’s decided to try to 
make some kind of test in order to decide which kind of blade is the same. 
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Appendix H. Correct δ angle to annul the φ error 

 

 

 

 

 

 

 

 

 

 

From the upper geometrical relations one can write the next equations: 

  ( ) ϕtan12 ⋅−= rrx n  
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 To annul the error the grinding must be done in the same direction that the blades 
arrive to the second grinding unit. That direction is the one represented with the discontinuous 
line. Knowing that, one knows that the distance x1 is the distance of the error committed with 
the movement of the blades (See Appendix C. Error when moving the blades) 

  ( ) ( ) ( )( )δϕδϕ +−+⋅−= tan11 rrx n    

 

So, mixing these three equations the next result is obtained: 

  ( ) ( ) ( ) ( )( ) ( )
1

11 tantan
tan

rr
rrrr

n

nn

−
⋅−++−+⋅−

=+
ϕδϕδϕ

δϕ  

  ( ) ( ) ( ) ϕδϕδϕδϕ tantantan ++−+=+  

  ( ) ϕδϕ tan=+  

 

So, the angle δ that makes the error equal to 0 is: 

 

 

    ϕϕδ −= tan  
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Appendix I. Position of the blades in the second jaw 

 

 Having a look on the equation of the error of the positioning blades (See Appendix C. 
Error when moving the blades) one can know which blades will have to be moved more with 
the positioning blade just by knowing if the result is bigger or smaller than 0. 

 If the difference between the ideal distance and the real distance is bigger than 0, that 
implies that the outer blades are not still in the position that they must be. Therefore, when 
moving all the blades to the ideal position, the ones that have to move are the outer ones. 

 However, if that difference is smaller than 0, that implies that the outer blades have 
moved more than they have to. Therefore, when moving all the blades in the ideal position, 
the inner ones must be moved and not the outer ones. 

 Having a look on the next drawings it is easy to understand the previous explanation. 

 

 

 

 

 

 

 

 

 

 

 

 Analyzing the proper equation: 

  ( ) ( )ϕϕ −⋅−⋅=− tan2' 1122 nnn rrxx  
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 Knowing that one angle will be always smaller than its tangent, that proves that this 
error will be always smaller than 0. 

 

  ( ) ( ) 0tan2' 1122 <−⋅−⋅=− ϕϕnnn rrxx  

 

 As it has been explained before, that means that the blades that will have to move 
when using the positioning blade will be the inner ones and there will not be any problem with 
that. 
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Appendix J. Distance between grinding wheels 

 Considering the next parameters: 

 

 The lenght of blade between the two grinding wheels is: 

  12
cos
2 ryL ⋅⋅+
⋅

= ϕ
ϕ

 

 To establish the correct distance between the two grinding wheels it is just needed to 
have a enter number of teeth between. Considering N an enter number and e the distance of 
the chip chamber teeth, it can be expressed with the next relation: 

  NeL ⋅=    

 Knowing that: 

  yrD ⋅+⋅⋅= 2sin2 1 ϕ  

 Working with these three equations the perfect distance for the first blade can be 
obtained: 
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Appendix K. Maximum movement allowed of the 
positioning blade 

 

 

 The length of the inner blade between the clamping jaws is 

  12 r⋅⋅ ϕ  

 

 If the blades are completely straight their length is d 

  ϕsin2 1 ⋅⋅= rd  

 

 So, the maximum distance allowed moving the blades will be the difference between 
that two 

  ϕϕ sin22max 11 ⋅⋅−⋅⋅= rrmovement  
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It is better depending on d 

 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−⋅= 1

sin
max

ϕ
ϕdmovement  

  

 However, as the machine has different working angles, d distance is changing 
depending on them. Having a look at the next drawing of the clamping jaw one can see that. 

 

 The distance that is changing in that drawing is y: 

  ϕϕ sin
22

cos
2

⋅+−⋅=
tgLy  

 Knowing that  

  dyD +⋅= 2  
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L 

y g 
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 So, the maximum distance that the positioning blade can move the blades in relation 
with D, L, g and t is: 

 

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−⋅⋅−+⋅−= 1

sin
sincosmax

ϕ
ϕϕϕ tgLDmovement  
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Appendix L. Description of the Deventech hand saw 
blade machine 

That machine is designed to produce hand saw blades with an angled profile similar 
than the one that is desired on this project because also has φ angle. The shape of the blade 
that was tested in our visit was the next one. 

 

 

 

The construction of that machine consists in two grinding units that grind hand saw 
blades. One wheel grinds the odd teeth and the other one grinds the even teeth. The 
distribution of the machine can be seen in the next drawing. 
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The basis of that machine consists on grinding the shape of the blades from the top of 
the teeth to the bottom.  

 

Grinding units 

Grinding direction 



Design of machine for saw blade manufacturing  103 

To do that, the grinding units move horizontally in the direction of the grinding 
controlling the depth of the teeth and the blades are moved to the side controlling the pitch of 
the teeth. Having a look to the next drawing it can be seen. 

 

 

First of all, the blade is positioned on the correct position. After that, the grinding unit 
moves to the front and makes the grinding. When the grinding is finished, the blade moves to 
the next position and gets ready for the next grinding. And the cycle starts again. 

The dressing wheel is situated in the same axis movement that the movement of the 
grinding unit. In that way, when the wheel is dressed, the movement of the grinding unit is 
recalculated so the depth of the teeth doesn’t change.  

Grinding wheel 

Blade 

Blade movement 

Grinding unit movement 
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Grinding wheel Dressing wheel 
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Appendix M. Håkansson’s Clamping and feeding 
unit 
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Appendix N. Håkansson’s Burrplate system  
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Appendix O. Test number 2 

 The idea of that test consists on producing some blades with the new profile in order 
to test them and compare with the blades that they are selling nowadays. 

 The idea to produce these blades was to take blades with the normal profile before 
they had been tempered or set and modify them in order to have the φ angle. To do it 
Håkansson sent us a prototype grinding machine. This machine consists on two CBN 
grinding wheels angled 5 degrees and a feeding system to move the blades the correct pitch 
(see next picture). 

 

 

 However, when we tried to produce some meters of blades we realized that it was 
very difficult to get them properly done because that machine had a lot of accuracy problems.  

- The most important one was that the feeding system was very inaccurate. It was really a big 
problem because it is very important to move always the same distance of the blade because 
if not, some teeth were grinded too much and other were almost without machining. 

Feeding unit 
Grinding wheels 

Clamping jaw 
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- Another problem was that the grinding wheels were very used and the shape was not 
correct. The radius of the first wheel was smaller than the second one. That produced a lot of 
difficult because we could have the blade perfectly positioned but there was always one 
wheel that had to grind more than the other and some burrs always appeared. 

- The height of the blade was very difficult to control because there was not any system that 
maintain the blade always pressed down the clamping jaw. That is also very important 
because sometimes some grindings were deeper than others. 

 In order to solve those problems we had to make some modifications on the machine. 
However, as this test was done at the end of the project, these modifications were not 
accurate enough to obtain perfect blades, but they were better than before. Those 
modifications consisted in making a tooling in order to move the blades always manually (see 
next picture). 

  

 As it can be seen in the previous picture, the pitch system was fixed. That means that 
we had to move the blade every time till the correct position. As a press down system, we 
were not using any special one, just pressing down the blades close to the clamping jaw 
before every milling. 

Fixed pulling support 
Holding system 
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 The fact of the radius of the wheels was something that we were not able to change 
because the delivery time of the blades was too long and we didn’t have time enough. 

 With all that working conditions we were able to produce some meters of blades. 
However, as we can see in next pictures, despite the angle of the profile was quite good, 
most of the teeth had some burrs. 
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 These two pictures are the profiles obtained with the material tempered at 825HV. If 
we have a look on them it is easy to see that there are some small burrs. However, if we 
compare with the next pictures (material tempered at 500HV) we can see that the burrs 
appeared are really bigger than the two before because the material is softer than before. 

 

 

 

 After obtaining those blades we decided to make the test to compare with other kinds 
of blades. The test was made with the next blades.  
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1.- New profile with the spring tempered steel at 500HV 

2.- Profile from another company. Material hardened at 375 HV on the bottom and at 800HV 
at the top of the teeth (with setting). 

3.- New profile with the spring tempered steel hardened at 500HV on the bottom and at 
825HV at the top of the teeth. 

4.- Spring tempered steel hardened at 500HV on the bottom and 825HV on the top of the 
teeth (without setting). 

5.- Spring tempered steel hardened at 500HV on the bottom and 825HV on the top of the 
teeth (with setting). 

 To make the test we made the explained blades with a length of 2,4 meters because 
it is the length of the saw blade machine we had. The cutting material was decided to be 
wood. The idea of that test consists on cutting the same parts of material with the different 
kind of blades, using always constant force and control the time spent for each blade. Apart 
from that the width of the cut is also controlled. 

 To make the test with constant force, we hanged 1 kg of weight in a part that pulled 
the cutting part (see next picture). Doing it like this, we can always put different parts to be cut 
without damage the pulling system. 
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 The first results are shown in the next graphics and were obtained cutting pieces of 
wood of 9,5x10x4,5cm (cutting length 9,5cm). 

1 kg weight 

Pulling support Cut part 

Pulling support 

Cut part 
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1.  500 J.M 36,5 36 42 36 39,5

2. B375 T800 +s 26 24,3 23 25,3 25,3

3. B500 T825 J.M 32,5 31,1 28 31 30,2

4. B500 T820 -s 28 37,5 33 42 31

5. B500 T820 +s 15,5 15 17 16 17
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5. B500 T820 +s 16,1
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 The first graphic shows all the times obtained with every blade and the second one 
shows the average of every blade. 

 As can be seen, the slowest blade is number 1, then number 4, then 3, then 2, then 5. 
It can be seen that the new untempered profile is the worst result obtained. However, the 
tempered one with the new profile is much better. That happens mainly because when 
grinding the profile, the untempered material has more burrs than the tempered one.  

 After those results we changed the dimensions of the cutting parts (9,5x20x4,5cm 
with the cutting length 9,5cm) and we obtained the next results.  
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5. B500 T820 +s 29,5 25 20,5
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Average 20cm
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 The first graphic shows every time obtained with every blade and the second one 
shows the average of every blade. 

 As can be seen, the slowest blade is number 4, then number 1, then 3, then 2, then 5. 
IT can be seen that although the cutting length is the same, the times are slower than in the 
first case. We suppose that this is due to the friction that appears between the piece of wood 
and the machine.  

 In that case, however, can be seen that number 4 profile is the worst result obtained 
and both blades of the new profile are better. That seems very normal because the new 
profile has to be better than a normal blade without these angles. However, as the cutting 
material is wood, the friction with the blade is also very important. That’s why it has a lot of 
sense that the blades that have the set teeth has to work better than the others. 

 On the other hand, it can be seen that although the new blades are slower than the 
actual ones, they are making a thinner cut. As it is known, this fact is very important for the 
customers of those blades because they are losing less material. 

 As a conclusion it can be said that it seems that those new profiles are quite good. 
However, the quality of the obtained blades is not perfect because of the grinding quality. So, 
these results show that this new profile seems to be as good as thought from the beginning. 
However, the results are not good enough to make conclusions because it could be a little bit 
risky. 
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