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Abstract 
The cutting links on chainsaws needs to be sharpened regularly to retain its 
sharpness. The most effective way is to use a machine wheel grinder. However, 
due to high friction there is a high risk of tempering the steel and damaging the 
sustainability to wear, resulting in a dull cutting edge. 
In order to develop a grinding method that produces a good result every time, a 
series of parameters were tested in order to determine which combination of these 
generated the best grinding results. With all parameters established the results 
shows that the attributes of each grinding wheel are the main parameter 
controlling the grinding result.  
This project investigates the attributes of different grinding wheels and their 
impact on grinding results. By comparing the energy each grinding wheel uses to 
perform the same amount of work, each grinding wheels suitability is rated based 
on its performance.   
The calculations and the results from the analyses and tests show which of the 
grinding wheels performed the work with the lowest amount of increased energy.  
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Abbreviation 
Right cutting link (RCL) Cutting link with the chisel to the right. 
 
Left cutting link (LCL) Cutting link with the chisel to the left. 
 
Machine wheel grinding (MWG) The tested method of grinding. 
 
Design of experiment (DoE) A method to explain the relationship 
   between a test and the result. 
Lighter weight (LW) Lighter and heavier weights are used in  
   the tests and are often mentioned in 
Heavier weight (HW)  tables and graphs. 
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1. Introduction  

1.1 Presentation of Husqvarna 
Husqvarna Group have the history of manufacturing a variety of different 
machines, accessories and tools. Back in 1689 Husqvarna first started up as a 
weapon foundry and utilized the nearby waterfalls to assist various mechanical 
processes. Husqvarna proceeded to be the rifle factory of the state for some time 
and peaked at 1000 employees in the beginning of 1700. The step to initiate the 
production of sewing machines in 1872 were natural since Husqvarna could use 
their current machines for this production as well. Two years later the factory 
advanced with their own ironworks for production of a variety of cast iron 
products. Examples of these are kitchenware products like stoves, ovens and 
mincers. Later in 1800 Husqvarna started to manufacture bicycles which 
eventually in 1903 led to the production of motorcycles and their light and 
powerful engines. With the development of light weight engines Husqvarna found 
further applications for their constructions in outdoor power products, e.g. lawn 
mowers. This led to the production of what they are known for today; automowers 
and chainsaws (Husqvarna, 2019). 
In 2013 Husqvarna announced a 1 billion SEK investment in a project, called 
Edge, with the purpose of developing and manufacturing their own saw chains at 
their site in Sweden (Sveriges Radio, 2019). The production was initiated since a 
couple years ago and the chains are currently sold on the market. 
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1.2 Background 
Sharpening the saw chain is a part of the manufacturing process. Husqvarna uses 
wet machine wheel grinding to achieve optimal sharpness on the cutting edge 
(figure 1.1). This gives the end user an excellent experience. However, as all tools 
with sharp edges, the cutting edge tends to wear with use. The end user must 
therefore regularly sharpen the edge in order to maintain its cutting efficiency.  
 

 
Figure 1.1 Explanation of saw chain [F1]. 

 
The methods, for end users to grind edges, mainly include two ways of dry 
grinding; manual hand filing, figure 1.2, or machine wheel grinding (MWG), 
figure 1.3. Using a hand file yields good cutting efficiency but is time-consuming. 
MWG is a faster method but tends to yield worse cutting efficiency results. The 
friction generated from MWG develops a high amount of heat which could temper 
the steel. This results in damaging the chain by highly decreasing the 
sustainability to wear. 
  

           
 
Figure 1.2 [F2]  Figure 1.3 [F3] 
Husqvarna hand file.   Tecomec machine wheel grinder.  
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1.3 Purpose and goal 
The purpose of this work is to increase the understanding of how binders, grains 
and structures of available grinding wheels, affect heat development and thereby 
the chain performance.   
The goal is to compare existing grinding wheels and analyse how different 
parameters affects chain performance (cutting efficiency), including the risk of 
hardening the steel by friction. Environmental parameters like grinding method, 
machine operator, and cutting link (LCL/RCL) are documented to validate the 
results. The conclusion of the project includes a connection between the results 
and the attributes of the grinding wheels. 
The knowledge acquired is to be a foundation to further development of machine 
wheel grinding for end users.  

1.4 Definition of problem 
When using a machine wheel grinder, the result of the sharpening comes down to 
the choice of grinding wheel and the exposure to temperature during the grinding 
process. The cutting links are exposed to high temperatures and when quickly 
cooled down, the steels structure changes and may become very hard and brittle. 
This can cause the cutting edge to break off which makes the chain dull and 
inefficient.  

1.5 Delimitation 
The tests will be performed on chains from the same production batch to 
minimize the manufacture variety. The saw chain model in use is Husqvarna C85 
which has a full chisel profile, see figure 1.4. 
The tested grinding wheels are four different grinding wheels with different 
attributes. These are all made for sharpening saw chains. Each wheel will be 
solely referred by their color (Green, Red, Blue and Grey) to avoid comparing one 
manufacturer to another. Husqvarna will provide the project with mentioned 
grinding wheels. 

 
Figure 1.4, Full- (C) and semi-chisel profile (S)[F4]. 
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2. Theoretical framework 

2.1 The theory behind grinding wheels 

2.1.1 Abrasive grains 
Grinding wheels are made up by a large number of tiny abrasive grains held 
together by a bonding material. The most common abrasive materials are 
Aluminium oxide (Al2O3) and Silicon oxide (SiC) (Bullock & Marinshaw, 1994). 
In the manufacturing the grains are sifted in stages, to make sure that the grains in 
a certain wheel do not differ in size too much. By controlling the size and 
positioning of the abrasive grains, the better the control over the grinding result. 
Baidakova and Orlova (2017) showed that a non-isometric grain shape would 
provide an increased cutting ability. While grains of an isometric shape would 
decrease the roughness of the surface and probably expose the link to more heat. 
J. Sullivan (2000) also writes about choosing the right grinding wheel for the right 
kind of work, pointing out the meaning of the grain size. Coarser grains are used 
to strictly remove material while finer grains are used the get fine finishes.  

2.1.2 Bonding 
The most common bonding is ceramic bonding with the purpose to fixate the 
grains in place. While grinding, the grains are pushed onto the work piece and 
cuts away small chips at a time with high speed. The bonding is strong and rigid 
but also brittle, gradually the grains break off from the grinding wheel and a new 
sharp edge emerges underneath (American Machinist, 2011). 

2.1.3 Pores 
The size of the pores is controlled by adding a pore inducing medium which is 
vaporized during the manufacturing. The pores help with cooling during the 
grinding process. With bigger pores, more air is accumulated and leads to a more 
efficient cooling. The pores also make room for small chips of metal. If the pores 
are too small and pieces of metal get stuck, this will lead to metal scraping against 
metal which generates additional heat to the cutting link (Bullock & Marinshaw, 
1994).   

2.1.4 Attributes of the tested grinding wheels 
Each manufacturer grades hardness and grain structure individually. Due to 
different scales of grading, these cannot be compared to each other. But it can be a 
guidance to what kind of grinding each wheel is best suited for (Lawson, 2003). 
All grinding wheels tested in the project are produced for sharpening saw chains. 
Each one is produced by a different manufacturer and each wheel will be solely 
referred by their color, figure 2.1, to keep focus on their attributes instead of 
comparing manufacturers to each other. 
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Figure 2.1 – The tested grinding wheels; blue, green, red and grey. 
Name Abrasive Grain size Hardness* Structure* Binder 

Green Al2O3 80 (P) (10) Ceramic 

Red Al2O3 60 (J) (7) Ceramic 

Blue Al2O3 60 (J) (7) Ceramic 

Grey Al2O3 50 (K) (5) Ceramic 

Table 2.1 Grinding wheels used. *Individually rated by manufacturer. 
The hardness scale is between A-Z and describes the hardness of the binder, were 
A is least hard and Z is the hardest. The number describing the grain size is 
connected to the grit size in the sifting process. Higher numbers indicate smaller 
grains and lower numbers indicate bigger grains.  

2.2 Friction heat and tempering of the steel 

When the cutting links are made, the steel is heated to about 900°C where the 
crystals obtain an austenite structure. The temperature is then lowered very fast 
but controlled (by quenching) to where the crystals form a bainite structure. The 
properties of the chain must be balanced between hardness and toughness. It has 
to be hard enough to keep its sharpness while in use, but tough enough to be able 
to be re-sharpened when needed (H.-Å. Sundberg, Chief Engineer, personal 
communication, 05-04-2019). 
If the temperature is lowered too far in the cooling stage, the steel will form a 
martensite structure and will become brittle and hard. This may lead to the cutting 
edge breaking off and the chain getting dull fast (Björklund, Gustafsson, Hågeryd 
& Rundqvist, 2015). 
 
 

Figure 2.2 – The changes in hardness         Figure 2.3 – Chrome layer[F6]. 
due to tempering [F5]. 
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When the chain is sharpened with a MWG it is exposed to very high temperatures 
due to a combination of friction, speed and pressure. After a cutting link has been 
sharpened the temperature decreases very fast due to the surrounding temperature. 
This causes the link to form a “glass tooth” at the cutting edge, meaning the edge 
gets very brittle and hard which leads to the edge breaking off when the chain is 
used, see figure 2.2. 

2.3 Definition of cutting efficiency 
The cutting efficiency is determined by how much energy the chains uses when 
cutting through a specified area of wood. Cutting efficiency is measured in 
[m2/kWh]. The longer the cutting edge stay sharp, less energy is needed. But as 
the chain wears, it demands more energy from the engine to perform the same 
amount of work. The top parts of the cutter links are covered with a thin layer of 
chrome (6-10 µm), figure 2.3. This is to protect the metal from corrosion and 
improve wear when in use. It makes the link harder which improves the cutting 
efficiency (Jonsson, 2018). 

2.4 DoE - Design of experiments 
The method called Design of experiments (DoE) (Bergman, Arvidsson & Gremyr, 
2017) helps to understand the relationship between parameters and results. Using 
DoE helps to effectively understand how properties of the grinding wheel and 
grinding methods interact with each other and how these together affects the 
grinding result.  

 
 
 
 
 
 
 

Figure 2.4 Table and graph of the design of 8 unique experiments with 3 different 
parameters. Table represents order of experiments and graph represents a 
visualization of results. 
The experiments are planned in table (Figure 2.3) with different sets of parameters 
each with one lower (-) and one higher (+) value. The top four results (5, 6, 7, 8) 
of the graph (Figure 2.4) display all tests where Z is set to a higher value (+), 
where the lower four results display all tests while Z set is to a lower value (-) 
(Bergman, Arvidsson & Gremyr, 2017). 

  

Test No.  X Y Z 
1  - - - 
2  + - - 
3  - + - 
4  + + - 
5  - - + 
6  + - + 
7  - + + 
8  + + + 
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2.6 Derivation of formulas 

2.6.1 Power 
The equation for power, P [Watt] is 

 𝑃𝑃 = 𝑈𝑈 ∗ 𝐼𝐼 ∗ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶   (1) 

where U is the voltage, I is the change in current and Cosϕ is the angular 
displacement. 

The following was listed on the motor nameplate 

 𝑃𝑃 = 214;𝑈𝑈 = 230; 𝐼𝐼 = 1.3  
Using this with equation (1) determines, 

 Cosϕ = 0.7    (2) 
To determine the increased power the motor demands the power equation is 
changed to 

 𝑃𝑃 = 𝑈𝑈 ∗ ∆𝐼𝐼 ∗ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶   (3) 

where ∆I is the increase in current due to the work performed. This increase is 
measured with a multimeter.  

2.6.2 Velocity 
To determine the linear velocity v [m/s] of the grinding wheel, the circumference 
is multiplied by the number of revolutions per minute (RPM)  

𝑣𝑣 = 𝑟𝑟 ∗  𝜔𝜔 = 2𝜋𝜋𝑟𝑟 ∗ 𝑛𝑛/60   (4) 

2.6.3 Energy and friction coefficient 
Since energy E [Joule or Nm] is defined as  

 𝐸𝐸 = 𝐹𝐹 ∗ 𝐿𝐿𝐿𝐿𝑛𝑛𝐿𝐿𝐿𝐿ℎ   (5) 
and  

 𝐹𝐹 =  𝜇𝜇 ∗ 𝑁𝑁    (6) 

 𝐿𝐿 = 𝑣𝑣 ∗ ∆𝐿𝐿    (7) 
the following equation (8) can be assumed 

 𝐸𝐸 = 𝜇𝜇 ∗ 𝑁𝑁 ∗ 𝑣𝑣 ∗ ∆𝐿𝐿   (8) 

Dividing both sides with ∆t defines the power P as 

 𝑃𝑃 = 𝜇𝜇 ∗ 𝑁𝑁 ∗ 𝑣𝑣   (9) 
Which results in an equation used to calculate the friction coefficient  

 𝜇𝜇 = 𝑃𝑃
𝑁𝑁∗𝑣𝑣

    (10) 



THEORETICAL FRAMEWORK 

8 
 

2.6.4 Archards law and W 
Archards law (1953) defines as equation (11) where Q is volume [m³] of produced 
debris, K a dimensionless constant, H hardness [Pa], N added force and L sliding 
distance [m].  

 𝑄𝑄 = 𝐾𝐾 𝑁𝑁 𝐿𝐿 
𝐻𝐻

    (11) 

Dividing both sides with 𝐾𝐾 𝐻𝐻⁄  and using equation (7) for sliding distance results 
in 

 𝑄𝑄∗𝐻𝐻
𝐾𝐾

= 𝑁𝑁 ∗ 𝑣𝑣 ∗ Δ𝐿𝐿   (12) 

Multiplying both sides with µ and calling the left-hand side for Work, W [Joule] 
delivers 

 𝑊𝑊 = (𝜇𝜇 𝑄𝑄∗𝐻𝐻
𝐾𝐾

) = µ ∗ 𝑁𝑁 ∗ 𝑣𝑣 ∗ ∆𝐿𝐿  (13) 

The equation for W [Joule] determines the increased energy due to friction while 
grinding. 
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3. Method 
During the initial tests all parameters were tested to find out how they affected the 
grinding result. The results were analysed and the controlling parameters were 
determined. Based on these tests the main tests could be set up and calculated to 
present the result. In figure 3.1 the flowchart shows all the steps and in what order 
they were executed. 

 
Figure 3.1 – Flowchart describing the steps in the method. 
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3.1 Initial testing – Radius 
A machine wheel grinder (figure 1.3) were set up in a bench vise to hold the 
grinder firmly in place. All adjustments were set according to the chain’s 
instructions. The tests were made with the Red and the Green grinding wheel.  

1. Chain were positioned between the plates to hold it in place. 
2. Chain stop was set to remove 1 mm of material. 
3. Wheel depth stop were set to remove 1 mm of material. 
4. Each chain link was grinded with a variation of 3 parameters; Technique 

(5 quick taps/1 long tap), operator and RCL/LCL. 
5. Examine radius of each link in MikroCAD 3D microscope (or similar 

that can handle dimensions low as 5 µm). 

 
Figure 3.2 Measuring the radius of the cutting edge with MicroCAD. 
A MikroCAD 3D microscope (Figure 3.2) was used to measure the radius of the 
cutting edges (Figure 1.1). Focus on the whole cutting edge is needed for 
scanning. This is solved by using a fixture (3D-printed, Figure 3.2) that holds the 
link in place where the cutting edge is 90° to the sensor.  

3.2 Interview 
An informal interview was held with Anders Krantz (production engineer) and 
Jakob Lagerwall (supervisor of this project) to gain more knowledge about how 
the grinding wheels affected the cutting links. A request was sent to investigate 
each grinding wheel with a SEM-analysis (Scanning Electron Microscopy). 
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3.3 Initial and main testing – Friction, µ 

3.3.1 Design of Experiment 
The table of experiments for every test is worked through and establishes the 
order of when every test is to be executed. The goal is set to have four of each 
unique parameter combination, which is going to result in 64 experiments to 
execute and manage.  
The grinding wheels have the possibly to wear over time and probably affect the 
results. A scenario which a few unique experiments are only executed with worn 
grinding wheels is not wanted. Therefore, are the order of every experiment is 
divided to four test groups per grinding wheel. Complete collection of tables is 
presented in Appendix 2 and Appendix 3. 

3.3.2 Logging the tests 
When the grinding machine is turned on it runs on a certain current (this is going 
to be called the idle current). When the grinding wheel digs its way through the 
cutting link it demands a stronger current due to the increased moment (this is 
called the grinding- or test current). Each grinding wheel performs differently and 
by measuring the current each wheel requires; a specific coefficient of friction can 
be established.  

 
Figure 3.3 Circuit diagram during tests where the amperemeter is serial 
connected to the engine. The voltmeter is parallel connected over the wall socket 
to ensure the voltage remains constant. 
A Fluke multi meter was connected to the power cable and via USB to a computer 
(Figure 3.3). Before each test the voltage was measured to make sure it didn’t 
differ. The change in the current (∆I) was logged over time in a software called 
FlukeView Forms. Each time the current changed the software logged the value 
and duration. The graph in Figure 3.4 displays the max, min and mean current 
while idling and grinding.  

 
Figure 3.4 Sample from logged data. Max, min and mean current over time. 
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Figure 3.6 Weights 
mounted on the handle. 

3.3.3 Routine of experiments 
The machine wheel grinder was set up in a bench vise to hold the grinder firmly in 
place. The chain- and depth stop was set to remove a controlled amount of volume 
accordingly to Figure 3.5.  

                 Figure 3.5 Incision for removal of a controlled amount of volume [F7]. 
All tests were made with the following routine and all parameters were changed 
accordingly to the DoE in Appendix 2 and 3. The green, red, blue and grey 
grinding wheels were tested. However, the blue grinding wheel completely 
stopped while doing HW-tests. 

1. Mount weights on the handle (figure 3.6) 
2. Start the machine 
3. Start the logging record 
4. Use the handle to place the spinning wheel 

precisely above the link 
5. Drop 
6. Wait until the depth stop is reached 
7. Lift 
8. Stop the logging record 
9. Stop the machine 
10. Change parameters and repeat 

3.3.4 Measuring the force 
The added weights were  
  (-) = 4.5 kg; (+) = 5 kg 
However, this is not equal to the weight that the links are exposed to. By 
positioning a scale under the arm (as in Figure 3.7) at the same height where the 
grinding wheel hits the cutting link and adding the weights to the handle the 
applied weight is measured to 
  (-) = 1.1 kg; (+) = 1.6 kg 
These numbers where later used in the equations to determine the normal force. 

 
Figure 3.7 Scale positioned to determine the applied weight. 
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4. Results  

4.1 Initial testing – Radius 

4.1.1 Measure protocol 
All measurement protocols are presented in Appendix 1.  

4.1.2 Extracted data – Results  
The measured value in focus are the mean radius length. The operator parameter 
was merged with each grinding technique to get the results less divided. The only 
grinding wheels tested are Green and Red due to tests being executed early in the 
project.  

 
 
 
 

 
Table 4.1 Results of testing with two different grinding wheels. 

The 3D-microscope of choice scanned a length of 1 mm. The radius measured is 
between the blue lines in Figure 4.1. This gives us a sample of the full length of 
the link. The scanned radii are presented in table 4.1. 

 
Figure 4.1 Scanning results showing the radius of the cutting edge, extracted from 

Appendix 1. 
 
 
 

Red 

(µm) LCL RCL 

5 Quick, Avg 11,3 12,7 

1 Long, Avg 12,4 N/A 

Green 

(µm) LCL RCL 

5 Quick, Avg 14,7 9,7 

1 Long, Avg 9,9 N/A 
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4.2 Interview results 
During the interview, the results from the initial radius testing were discussed. As 
figure 4.1 show, the two sides forming the edge isn’t completely straight. It was 
made clear that this was a result of the grinding machine arm not being torsional 
stiff enough. This new discovery gave the project a new direction, measuring the 
energy consumed by grinding a controlled volume. 

4.3 SEM-analysis results 

 
Figure 4.2 Analysis with stereo-, light and scanning electron microscopy (SEM). 
Each row represents each grinding wheel (Green, red, blue and grey). 

SEM Stereo Light 



RESULTS 

15 
 

The light microscope analysis resulted in actual grain size measured in µm and is 
presented in figure 4.3. The SEM-analysis results show the shape of the grains of 
each grinding wheel, which is further discussed chapter 5 and 6. 

 

Figure 4.3 – Ranges of actual grain size on each grinding wheel. 
 

4.4 Initial and main testing – Friction, µ 

4.4.1 Logging forms 
All logging forms are included in Appendix 4/5. Appendix 4 contains forms from 
the initial tests and Appendix 5 contains forms from the main tests. 

4.4.2 Extracted data 

The measured values in focus are time duration (∆t) to grind the specific volume 
and idle/grinding current for calculating ∆I. 

The average ∆I and ∆t from all tests are presented in tables in Appendix 6/7. 
However, only the data from the main test (Appendix 7) are applied in the 
calculations in chapter 4.3.  

Blue-x.1 (LCL LW) 
# Idle Avg I (A) Grinding Avg I (A) Δt (s) ΔI (A) 
1 0,8910 1,5564 1,2 0,6654 
2 0,9190 1,4665 1,1 0,5475 
3 0,9104 1,4163 1,2 0,5059 
4 0,9159 1,3387 1,4 0,4228 

Avg 0,9091 1,4445 1,2 0,5354 
Table 4.2 Results (average ∆I and ∆t) presented in Appendix 7.  
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4.5 Test results 
The graphs in figure 4.4-4.6 presents a summary of data collected from the tests. 
The complete data is thoroughly presented in Appendix 7. The blue wheel 
couldn’t be tested with the heavier weights (HW). High friction force drove the 
wheel to a complete stop.  

 
Figure 4.4 – Average current logged from tests.  

 
Figure 4.5 – Time duration logged from tests.  

 
Figure 4.6 – Number of rounds each test required to grind the same amount 
of volume.  
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The graphs in figure 4.7 - 4.9 presents the calculated results. All calculations are 
presented in Appendix 8 and are based on the values in figure 4.4 – 4.5, also 
found in appendix 7. Calculations for the blue wheel (HW) are missing due to 
insufficient tests.  

 
Figure 4.7 – Calculated friction coefficient for each test method. 
 
 

 
Figure 4.8 – Calculated Work for each test method. 
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5. Discussion 

5.1 Method discussion 

5.1.1 Initial tests - Radius 
To establish the major parameters which controls the grinding result, a series of 
initial tests were conducted. To get rid of as much environmental interference as 
possible several set ups were tested. Operator, grinding wheels, applied force, 
grinding methods and different cutter links were some parameters to name a few. 
All cutting links came from the same production batch to minimize the spread in 
thickness of the chrome layer.  
The technique used varied depending on test. This is mainly a result of the lack of 
steadiness of the hinge that connects the moving arm to the rest of the machine. 
The operator also had to move the arm in a diagonal path to perform a test. These 
two factors combined resulted in a great variety of executions of the test and it’s 
possible that the radius results depend more on human error than on choice of 
grinding wheel. The two sides (rake and relief) of the cutting edge should 
preferably be as straight as possible. However, the sides of the cutting edge in 
Figure 4.1 has a bumpy surface which could be a result of the unsteady hinge. 
The 3D-microscope in use could, unfortunately, only measure a length of 1 mm at 
a time, while the full length of the cutting edge is 4.5 mm. This results in either 
greatly increased time-consuming work or considering the samples to be equal to 
the full length. The 3D-microscope was hired from an external company that 
charged by the hour, so the time-consuming approach was not an option. 

5.1.2 Initial and main tests - Friction 
Based on the initial radius tests, a decision to focus on the friction tests was made 
instead. The direction of grinding was changed to 90 degrees to eliminate the 
human error factor gained from a diagonal movement with an unsteady hinge. 
Instead of cutting away small pieces of steel from the edge of the cutting link, the 
incision was moved to the top part of the link where there is more material and 
still a covering chrome layer (see figure 3.4). By grinding off the same volume 
from each cutting link with each grinding wheel the tests became more reliable. 
This was controlled with the depth adjuster screw on the right, back side of the 
MWG.  
The blue grinding wheel could not be tested with HW due to friction. The 
grinding wheel stopped completely, and no data from the tests could be used. This 
could have been avoided with a lower value of HW, with the cost of having to 
reduce HW in every other test as well. 
The purpose with the Fluke multimeter was to log the current (ΔI) and then 
compare the grinding wheels with power or energy used. However, it turned out 
that the duration (Δt) was just as useful. 
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5.2 Results discussion 

5.2.1 Main tests – Friction, energy and time duration 
The purpose with the project was to increase the understanding of the impact the 
attributes of the grinding wheels had on the chains efficiency. And as the 
calculated results (Appendix 8) show in graphs (figure 4.4 - 4.8), there are some 
connections to be made.  
In the ideal grinding process to minimize heat development, none of the energy 
used to grind should transform to thermal energy, which is practically impossible. 
With this in mind, every movement of the grinding surface should tear off 
material to avoid energy consumed by (which ends up as thermal energy). This is 
avoided with larger grain size and higher friction coefficient (μ). However, a high 
friction coefficient is not equal to efficient grinding work since the friction 
coefficient results in figure 4.7 evens out while using heavy weights (HW), 
comparable to duration (Δt) in figure 4.5 where the values are still varying.  
To compare the efficient grinding work for each result, an equation (13) that 
represents friction and duration must be used. Using μ and Δt in the equation (or 
figure 4.8) delivers the work due to increased friction. A low value of work 
implies that less kinetic energy is transformed to thermal energy. 
As mentioned in chapter 2.2 Friction heat and tempering of the steel, the more 
changes in temperature the steel is exposed to the more likely it is for the steel to 
change structure, leading to changes in the characteristics and the forming of the 
“glass tooth”. The fact that it takes close to 150 additional revolutions for the 
green wheel to complete the same amount of work as the blue does in 
approximately 55 rounds it can be assumed that the risk structure changes is 
higher while using the green wheel compared to using the blue wheel.  

5.2.2 SEM-analysis results 
Comparing the shape of the grains, presented in the SEM-analysis (Appendix 9), 
shows that the blue differs noticeably in a more non-isometric shape. The green, 
red and grey wheel are relatively alike in a more isometric shape.    
Although the SEM-analysis show the grain size range, it doesn’t specify the 
percentage of size-distribution within this range. As table 4.2 show, the blue 
grinding wheel has a relatively short spread in size but high numbers, which could 
mean it has the biggest average grains. When compared to the calculated friction 
results the theoretical framework this can be linked to the high values in friction 
coefficient. On the opposite end is the green grinding wheel. With a short spread 
but low numbers (smaller average grain), this wheel has a low friction coefficient. 
This wheel also has the longest grinding time which meaning it would probably 
do better in more brittle steel, with focus on surface finish.  
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5.2.3 Deviation in the controlled volume 
The volume to be removed in each link was set with a screw which controlled the 
depth of each incision. This screw was not completely fixed at the exact same 
position each time which resulted in a slight difference in volume. If this volume 
could be controlled precisely, the results would be even more reliable.  

5.2.4 Parameters 
In the initial testing all the parameters that were to be used in the main test was 
determined, RCL/LCL, HW/LW and grinding wheels. When the results were 
analysed and all the calculations were done, they showed that the RCL/LCL 
parameter did not have as big of an impact as first thought.   

5.3 Critical review on the social, economic and sustainability impact 
In today’s society where a lot of discussions are focused around consumption and 
sustainability, our project may not have a huge impact or something directly 
relevant to bring to the table. But when we are talking about consumption and 
how easy it is to buy new products when our old one’s break, our project shines a 
small light on the aspect of taking care of your products. By gaining knowledge 
about how to properly tend for equipment, it will last a lot longer. This will save 
both money and time for the end user. And if this approach is applied on other 
areas as well it could perhaps change the way we consume or view products in the 
future. By tending to the chain from start will keep it efficient and in shape for a 
longer time, saving money and lowering the emissions due to fewer new chains 
per user. 
The way we tend to our equipment not only saves money and time; it will 
probably make the working environment a lot more enjoyable too. If the chains 
efficiency is kept up by using the right methods and the right grinding wheels, it 
will perform much better. This will save your body in the long run, because it will 
shorten the time each cut takes and expose you less to awkward working 
positions. 
By combining correct grinding wheel with the right kind of work will make sure 
the right result is obtained, which will keep the grinding wheel in use for a for a 
longer time. And as the tests in this report show, choosing the right grinding 
wheel will result in less energy consumption. Although the amounts of energy per 
chain aren’t that high, it’s the total amount that matters.  

5.4 Proposals for continued work 

5.4.1 Additional test of the blue grinding wheel 
Since the blue grinding wheel wasn’t completely tested as much as the rest of the 
wheels it could be interesting to set up a new, more thorough test plan according 
to DoE for just this wheel. Because the results produced by the blue wheel 
indicates very good grinding ability and based on the short time it was in actual 
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contact with the cutting link it would be interesting to test the hardness of the steel 
and after the sharpening was done.  
 

5.4.2 Pores 
The pores of a grinding wheel have the role of combining the grinding process 
with a flow of air to cool the workpiece down. Continued work in this area would 
focus more on measuring heat development, instead of the cause of development. 
An analysis of how pores affect the duration (Δt) of the grinding process would be 
interesting, including how the effect (of cooling) depends on pores quantity or 
size. 

5.4.3 Radius 
Continued work with a MWG with a steadier arm or with a fixture which will 
perform identical (or more similar) experiments on each test. Combining this with 
the blue and grey grinding wheel would be of great value together with the 
friction and energy results.  

5.4.4 Measuring obtained cutting efficiency 
Sharpen chains with the different grinding wheels and conduct a test using the 
cutting efficiency tester at Husqvarna. If all chains are sharpened with the same 
methods but with different wheels, this test would tell which of the wheels yields 
the best result.  

5.4.5 Grinding wheel lifetime 
By calculating the number of revolutions each wheel makes while performing the 
same amount of work, a larger test could be conducted to see the total lifetime of 
each wheel. This test would require some sort of automatization of the grinding 
process.  
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6. Conclusion 
The test results show a connection between the attributes of the grinding wheels 
and the grinding result. Finer abrasive grains tend to take a longer time to grind 
the volume, while coarser abrasive grains executed the same work in shorter time.   
Out of all the tested grinding wheels, the blue and grey had the better suited 
attributes for the test. With relatively big grains paired with a low spread in size, 
the blue performed the best regarding work and completing the grinding in the 
least amount of revolutions. Considering that all grinding wheels had the same 
bonding material, it can be assumed that the blue wheel will have the longest 
lifespan. A low amount of revolutions and friction energy means a short time of 
contact between the grinding wheel and the cutting link. This decreases the risk of 
tempering the steel, altering the properties and worsening the cutting efficiency. 
The blue and the grey wheel differs regarding grain shape. With the greys 
isometric grain shape the cutting ability decrease, but on the other hand, yield a 
finer surface with a sharper cutting edge. 
The blue grinding wheel used the least amount of work to perform the grinding. 
By separately dividing the work of the red, grey and green wheel with the blue, an 
efficiency quotient could be established (figure 6.1). This quotient shows how 
much more work the red, grey and green wheels used to perform the same 
grinding. It is also indicating how much of extra energy they spent on heat 
development rather than removing material.  
 

 
Figure 6.1 – Grinding efficiency compared to the best grinding wheel. 
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Appendix 2 

 

Design of experiment 

Initial Testing – Friction 

  



4.5/5 L(-)/R(+) #Link 4.5/5 L(-)/R(+) #Link
1 - - #5 1 - - #1
2 - + #2 2 - + #2
3 + - #7 3 + - #3
4 + + #6 4 + + #4

4.5/5 L(-)/R(+) #Link 4.5/5 L(-)/R(+) #Link
1 - - #9 1 - - #5
2 - + #8 2 - + #6
3 + - #11 3 + - #7
4 + + #10 4 + + #8

4.5/5 L(-)/R(+) #Link 4.5/5 L(-)/R(+) #Link
1 - - #15 1 - - #9
2 - + #14 2 - + #14
3 + - #13 3 + - #13
4 + + #12 4 + + #12

4.5/5 L(-)/R(+) #Link 4.5/5 L(-)/R(+) #Link
1 - - #19 1 - - #15
2 - + #18 2 - + #16
3 + - #16 3 + - #17
4 + + #17 4 + + #18

Initial friction tests

2019-04-11

Red Test 1

Red Test 2

Red Test 3

Red Test 4

Green Test 1 (old)

Green Test 2 (old)

Green Test 3 (old)

Green Test 4 (old)



4.5/5 L(-)/R(+) #Link
1 - - #5
2 - + #4
3 + - #6
4 + + #7

4.5/5 L(-)/R(+) #Link
1 - - #9
2 - + #8
3 + - #11
4 + + #10

4.5/5 L(-)/R(+) #Link
1 - - #15
2 - + #14
3 + - #13
4 + + #12

4.5/5 L(-)/R(+) #Link
1 - - #17
2 - + #16
3 + - #19
4 + + #18 233 volt

Green Test 1

Green Test 2

Green Test 3

Green Test 4
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Design of experiment 

Main Testing – Friction 

  



228 V LW/HW L(-)/R(+) #Link LW/HW L(-)/R(+) #Link 228 V

140,8 mm 1 - - #3 1 - - #5 138,6 mm

2 - + #4 2 - + #4

3 + - # 3 + - #9

4 + + # 4 + + #10

LW/HW L(-)/R(+) #Link LW/HW L(-)/R(+) #Link

1 - - #11 1 - - #11

2 - + #10 2 - + #12

3 + - # 3 + - #13

4 + + # 4 + + #14

LW/HW L(-)/R(+) #Link LW/HW L(-)/R(+) #Link

1 - - #13 1 - - #15

2 - + #12 2 - + #16

3 + - # 3 + - #17

4 + + # 4 + + #18

LW/HW L(-)/R(+) #Link LW/HW L(-)/R(+) #Link

1 - - #15 1 - - #19

2 - + #14 2 - + #22

139,8 mm 3 + - # 3 + - #21 138,5 mm

228 V 4 + + # 4 + + #20 228 V

Notes:
Grinding wheel (Blue) jammed while grinding with HW, data not usable

Main friction tests (1)

2019-04-18

Blue Test Group 1

Blue Test Group 2

Blue Test Group 3

Blue Test Group 4

Grey Test Group 1

Grey Test Group 2

Grey Test Group 3

Grey Test Group 4



228 V LW/HW L(-)/R(+) #Link LW/HW L(-)/R(+) #Link 143,5 mm

142,2 mm 1 - - #5 1 - - #1 228 V

2 - + #4 2 - + #2

3 + - #7 3 + - #3

4 + + #6 4 + + #4

LW/HW L(-)/R(+) #Link LW/HW L(-)/R(+) #Link

1 - - #11 1 - - #5

2 - + #10 2 - + #6

3 + - #9 3 + - #7

4 + + #8 4 + + #8

LW/HW L(-)/R(+) #Link LW/HW L(-)/R(+) #Link

1 - - #13 1 - - #11

2 - + #15 2 - + #10

3 + - #17 3 + - #15

4 + + #16 4 + + #12

LW/HW L(-)/R(+) #Link LW/HW L(-)/R(+) #Link

1 - - #19 1 - - #17

2 - + #18 2 - + #14

141,5 mm 3 + - #21 3 + - # 143,0 mm

228 V 4 + + #20 4 + + #18 228 V

Main friction tests (2)

2019-04-18

Green Test Group 1

Green Test Group 2

Green Test Group 3

Green Test Group 4

Red Test Group 1

Red Test Group 2

Red Test Group 3

Red Test Group 4
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Logging forms 

Initial Testing - friction 



































































 

Appendix 5 

 

Logging forms 

Main Testing – Friction 

 

  















































































































 

Appendix 6 

 

Extracted data from Logging Forms (Appendix 4) 

Initial Testing – Friction 

  



# Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A) # Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A)

1 0,9653 1,1946 1,9 0,2293 1 0,9712 1,1138 4,4 0,1426

2 0,9925 1,1726 2,2 0,1801 2 0,9800 1,1145 3,5 0,1345

3 0,9920 1,0987 2,2 0,1067 3 0,9366 1,0169 5,1 0,0803

4 0,9743 1,1610 1,4 0,1867 4 0,9292 1,0423 3,6 0,1131

Avg 0,9810 1,1567 1,9 0,1757 Avg 0,9543 1,0719 4,2 0,1176

# Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A) # Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A)

1 0,9371 1,1184 2,6 0,1813 1 0,9646 1,1019 4,2 0,1373

2 0,9732 1,2523 1,7 0,2791 2 0,9836 1,0887 4,4 0,1051

3 0,9742 1,1172 2 0,1430 3 0,9603 1,0685 3,8 0,1082

4 0,9847 1,1246 1,6 0,1399 4 0,9342 1,1354 2,5 0,2012

Avg 0,9673 1,1531 2,0 0,1858 Avg 0,9607 1,0986 3,7 0,1380

# Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A) # Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A)

1 0,9897 1,4671 1,6 0,4774 1 0,9596 1,3827 1,8 0,4231

2 0,9918 1,2516 2,2 0,2598 2 0,9644 1,4143 1,7 0,4499

3 0,9959 1,4996 1 0,5037 3 0,9619 1,3057 2,4 0,3438

4 0,9668 1,3103 1,1 0,3435 4 0,9432 1,2374 2,9 0,2942

Avg 0,9861 1,3822 1,5 0,3961 Avg 0,9573 1,3350 2,2 0,3778

# Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A) # Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A)

1 0,9675 1,4832 1,4 0,5157 1 0,9967 1,4427 1,5 0,4460

2 0,9877 1,5543 1 0,5666 2 0,9644 1,3417 2,2 0,3773

3 0,9784 1,4520 1,1 0,4736 3 0,9956 1,4054 2 0,4098

4 0,9960 1,3700 1,2 0,3740 4 0,9300 1,3537 2 0,4237

Avg 0,9824 1,4649 1,2 0,4825 Avg 0,9717 1,3859 1,9 0,4142

2019-04-11

Initial friction tests (not used in calculations)

Green Grinding Wheel Red Grinding Wheel

Red-x.4 (RCL HW)

Green-x.1 (LCL LW)

Green-x.2 (RCL LW)

Green-x.3 (LCL HW)

Green-x.4 (RCL HW)

Red-x.1 (LCL LW)

Red-x.2 (RCL LW)

Red-x.3 (LCL HW)



 

Appendix 7 

 

Extracted data from Logging Forms (Appendix 5) 

Main Testing - Friction 

 



# Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A) # Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A)

1 0,9239 1,2876 2,5 0,3637 1 0,9333 1,4907 2,1 0,5574

2 0,9230 1,2886 3,2 0,3656 2 0,9359 1,3194 4,0 0,3835

3 0,9195 1,2184 4,6 0,2989 3 0,9451 1,3072 3,8 0,3621

4 0,9281 1,0835 6,3 0,1554 4 0,9407 1,2541 3,6 0,3134

Avg 0,9236 1,2195 4,2 0,2959 Avg 0,9388 1,3428 3,4 0,4041

# Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A) # Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A)

1 N/A N/A N/A 1 0,9321 1,4613 2,4 0,5292

2 0,9260 1,2689 3,7 0,3429 2 0,9357 1,2724 4,1 0,3367

3 0,9266 1,1820 4,9 0,2554 3 0,9451 1,2467 4,5 0,3016

4 0,9203 1,1068 6,0 0,1865 4 0,9497 1,3658 2,7 0,4161

Avg 0,9243 1,1859 4,9 0,2616 Avg 0,9407 1,3366 3,4 0,3959

# Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A) # Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A)

1 0,9292 1,5007 2,7 0,5715 1 0,9380 1,7047 3,0 0,7667

2 0,9279 1,5823 3,0 0,6544 2 0,9428 1,8408 2,5 0,8980

3 0,9285 1,3665 3,8 0,4380 3 0,9449 1,7087 2,5 0,7638

4 0,9264 1,5556 3,1 0,6292 4 N/A N/A N/A

Avg 0,9280 1,5013 3,2 0,5733 Avg 0,9419 1,7514 2,7 0,8095

# Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A) # Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A)

1 0,9294 1,6197 2,6 0,6903 1 0,9369 1,5919 3,0 0,6550

2 0,9280 1,4839 2,9 0,5559 2 0,9398 1,8271 2,4 0,8873

3 0,9281 1,3912 3,4 0,4631 3 0,9442 1,7003 2,6 0,7561

4 0,9235 1,8489 2,0 0,9254 4 N/A N/A N/A

Avg 0,9273 1,5859 2,7 0,6587 Avg 0,9403 1,7064 2,7 0,7661

2019-04-18

Friction test data extracted from Logging Forms (1)

Green-x.2 (RCL LW)

Green-x.3 (LCL HW)

Green-x.4 (RCL HW)

Red Grinding Wheel

Red-x.1 (LCL LW)

Red-x.2 (RCL LW)

Red-x.3 (LCL HW)

Red-x.4 (RCL HW)

Green Grinding Wheel

Green-x.1 (LCL LW)



# Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A) # Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A)

1 0,8910 1,5564 1,2 0,6654 1 0,8931 1,3229 1,6 0,4298

2 0,9190 1,4665 1,1 0,5475 2 0,8999 1,4032 1,9 0,5033

3 0,9104 1,4163 1,2 0,5059 3 0,9065 1,3661 2,1 0,4596

4 0,9159 1,3387 1,4 0,4228 4 0,9108 1,3698 1,9 0,4590

Avg 0,9091 1,4445 1,2 0,5354 Avg 0,9026 1,3655 1,9 0,4629

# Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A) # Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A)

1 0,9049 1,6378 1,1 0,7329 1 0,8875 1,2858 1,7 0,3983

2 0,9157 1,5019 1,1 0,5862 2 0,8994 1,3565 2,1 0,4571

3 0,9192 1,3993 1,1 0,4801 3 0,9058 1,3915 1,9 0,4857

4 0,9144 1,3458 1,4 0,4314 4 0,9120 1,3139 2 0,4019

Avg 0,9136 1,4712 1,2 0,5577 Avg 0,9012 1,3369 1,9 0,4358

# Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A) # Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A)

1 0,9029 3,0503 1,0 2,1474 1 0,8977 1,6805 1,6 0,7828

2 N/A N/A N/A 2 0,9021 1,7009 1,7 0,7988

3 N/A N/A N/A 3 0,9008 1,7707 1,5 0,8699

4 N/A N/A N/A 4 0,9065 1,5745 1,7 0,6680

Avg 0,9029 3,0503 1,0 2,1474 Avg 0,9018 1,6817 1,6 0,7799

# Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A) # Idle Avg I (A) Grind Avg I (A) Δt (s) ΔI (A)

1 N/A N/A N/A 1 0,9012 1,7917 1,5 0,8905

2 N/A N/A N/A 2 0,9048 1,5996 1,9 0,6948

3 N/A N/A N/A 3 0,9028 1,7173 1,4 0,8145

4 N/A N/A N/A 4 0,9097 1,6700 1,5 0,7603

Avg Avg 0,9046 1,6947 1,6 0,7900

Grey-x.2 (RCL LW)

Grey-x.1 (LCL LW)Blue-x.1 (LCL LW)

Grey Grinding WheelBlue Grinding Wheel

Friction test data extracted from Logging Forms (2)

2019-04-18

Grey-x.3 (LCL HW)

Grey-x.4 (RCL HW)

Blue-x.2 (RCL LW)

Blue-x.3 (LCL HW)

Blue-x.4 (RCL HW)



Friction test calculations 

Inputs from measured values 

Avg ΔI (A) 

From Appendix 7 

LCL LW (A) RCL LW (A) LCL HW (A) RCL HW (A) 

Green 0,2959 0,2616 0,5733 0,6587 

Red 0,4041 0,3959 0,8095 0,7661 

Blue 0,5354 0,5577 N/A N/A 

Grey 0,4629 0,4358 0,7799 0,7900 

Table 1 Extracted data from logging forms in Appendix 7. ΔI for each unique 
combination of parameters. 

Avg Δt (s) 

From Indata 

LCL LW (s) RCL LW (s) LCL HW (s) RCL HW (s) 

Green 4,150 4,867 3,150 2,725 

Red 3,375 3,425 2,667 2,667 

Blue 1,225 1,175 N/A N/A 

Grey 1,875 1,925 1,625 1,575 

Table 2 Extracted data from logging forms in Appendix 7. Δt for each unique 
combination of parameters. 

Force N (N) 

N = m a 

Start ⌀ (mm) Acceler. (m s⁻2) Mass (kg) Force (N) 

Lighter weight (LW) 9,82 1,10 10,80 
Heavier weight (HW) 9,82 1,60 15,71 

Table 3 Force calculated with measured values from chapter 3.3. 

 Linear Velocity v (m/s) 

 v = r RPM 2π/60 [4]  RPM=2800 

Start ⌀ (mm) End ⌀ (mm) Avg r (mm) v (m/s) 

Green 142,2 141,5 70,93 20,80 

Red 143,5 143,0 71,63 21,00 

Blue 140,8 139,8 70,15 20,57 

Grey 138,6 138,5 69,28 20,31 

Table 4 Velocity calculated with notes in Appendix 3 (DoE). 



Calculation results 

 Power ΔP   (1 W = 1 Nm/s) 
ΔP = U ΔI cosϕ [3]  U=228 V  cosϕ= 0,71572 

LCL LW (W) RCL LW (W) LCL HW (W) RCL HW (W) 

Green 48,2861 42,6889 93,5485 107,4844 

Red 65,9426 64,6053 132,0974 125,0207 

Blue 87,3687 90,9995 N/A N/A 

Grey 75,5419 71,1074 127,2631 128,9194 

Table 5 Power calculated with data from Table 1 (ΔI). 

Friction coefficient 

µ = ΔP / (N v) [10] 

LCL LW RCL LW LCL HW RCL HW 

Green 0,2149 0,1900 0,2863 0,3289 

Red 0,2907 0,2848 0,4003 0,3789 

Blue 0,3932 0,4096 N/A N/A 

Grey 0,3443 0,3241 0,3988 0,4039 

Table 6 Friction coefficient calculated with data from Table 1 (ΔI), Table 3 (Force) 
and Table 5 (ΔP) 

n (rounds) 

n=RPM/60*Δt, while RPM=2800 

LCL LW RCL LW LCL HW RCL HW 

Green 193,7 227,1 147,0 127,2 

Red 157,5 159,8 124,4 124,4 

Blue 57,2 54,8 N/A N/A 

Grey 87,5 89,8 75,8 73,5 

Table 7 Number of rounds the grinding wheel spins during grinding calculated with 
data from Table 2 (Δt). 

W (Joule) 

W = µN*v*Δt [13]
LCL LW RCL LW LCL HW RCL HW 

Green 200,4 207,8 294,7 292,9 

Red 222,6 221,3 352,3 333,4 

Blue 107,0 106,9 N/A N/A 

Grey 141,6 136,9 206,8 203,0 

Table 8 Work calculated with data from Table 6 (μ), Table 3 (Force), Table 4 
(velocity) and Table 1 (Δt) 



Appendix 9 

 

Test report of SEM-Analysis 

 



Test report

Test report no. 
A13A-SE1163 

Department Date 
2019-05-13 

Initiator of test 
Jacob 

Executed by Kaj 
Torbjörner  

Account 

 Components 

Grinding wheel 
-Blue

-Red

-Green

-Grey

Test description 
General analysis in SEM

Conclusion 



Stihl ZK038 50A54K5V 

Investigation in stereo microscope 

Fig. 1. Surface of grinding disc. 

Investigation in light microscope 

Fig. 2. Cross section of grinding disc. The grain size is 300- 475 micrometer. 



Investigation in SEM 

Fig. 3. Surface of grinding disc. 

Fig. 4. Grinding disc grain. 



 

Fig. 5. Fracture of grinding disc. 

 

 

 

 

 

Red, Tecomec 31A60J7V86 

 

Fig. 5. Surface of grinding disc. 



Investigation in light microscope 

Fig. 6. Cross section. The grain size is 200-400 micrometer 

Investigation in SEM 

Fig. 7. Surface of grinding disc. 



Fig. 8. Fracture of grinding disc. 

Grinding wheel



-Green, Tecomec 9A80P10V54

Investigation in stereo microscope

Fig. 9. Surface of grinding disc. 

Investigation in light microscope 

Fig. 10 . Cross section. The grain size is 220-290 micrometer. 



Investigation in SEM 

Fig. 11. Surface 

Fig. 12. Surface in higher magnification. 



Fig. 13. Fracture. 

-Blue, Marcusson EKI60J7VY

Investigation in stereo microscope 

Fig. 14. Surface 



Investigation in light microscope 

Fig. 15. Cross section. The grain size is 330-420 micrometer. 

Investigation in SEM 

Fig. 16a. Surface. 



Fig. 16b. Surface 

Fig. 17. Fracture 



Analysis of chemical composition. 
The samples have been coated with gold and analyzed with EDS in SEM . 

The conclusion is that all discs consists of Aluminium oxide and Silicon carbide. 

Spectrum: Stihl ZK038 50A54K5V

El AN  Series     Net unn. C norm. C Atom. C Error (1 Sigma) 

[wt.%]  [wt.%]  [at.%]          [wt.%] 

------------------------------------------------------------ 

C  6  K-series   1708   3,14 3,14 6,62 3,34 

O  8  K-series  66106  32,57   32,56   51,56 13,49 

Na 11 K-series   9880   1,78 1,78 1,97 0,14 

Mg 12 K-series   4379   0,55 0,55 0,57 0,06 

Al 13 K-series 263067  27,11   27,09   25,44 1,32 

Si 14 K-series  98796  10,33   10,32 9,31 0,52 

K  19 K-series   6136   0,82 0,82 0,53 0,05 

Ca 20 K-series   6428   1,00 0,99 0,63 0,06 

Ti 22 K-series   3232   0,66 0,66 0,35  0,05 

Fe 26 K-series   1930   0,53 0,52 0,24 0,04 

Au 79 L-series  22105  21,57   21,56 2,77 0,66 

------------------------------------------------------------ 

Total: 100,06  100,00  100,00 

Spectrum: Red, Tecomec 31A60J7V86

El AN  Series     Net unn. C norm. C Atom. C Error (1 Sigma) 

[wt.%]  [wt.%]  [at.%] [wt.%] 

------------------------------------------------------------ 

C  6  K-series   2759   4,85 5,49   10,71 2,42 

O  8  K-series  69977  30,71   34,77   50,95 23,46 

Na 11 K-series   7291   1,02 1,15 1,17 0,09 

Al 13 K-series 292659  22,68   25,67   22,30 1,11 

Si 14 K-series 125082  10,32   11,68 9,75 0,51 

K  19 K-series  27407   3,38 3,83 2,29 0,13 

Ca 20 K-series   3756   0,55 0,62 0,36 0,04 

Ti 22 K-series 904   0,18 0,21 0,10 0,03 

Cr 24 K-series   3533   0,73 0,83 0,37 0,05 

Fe 26 K-series   1204   0,31 0,35 0,15 0,04 

Au 79 L-series  13572  13,61   15,40 1,83 0,44 

------------------------------------------------------------ 

Total:  88,33  100,00  100,00 



Spectrum: Green, Tecomec 9A80P10V54

El AN  Series     Net unn. C norm. C Atom. C Error (1 Sigma) 

[wt.%]  [wt.%]  [at.%]          [wt.%] 

------------------------------------------------------------ 

C  6  K-series   6528  11,29   12,07   22,58 3,33 

O  8  K-series  59973  30,63   32,75   45,97 25,14 

Na 11 K-series   7720   1,17 1,25    1,23 0,10 

Al 13 K-series 180849  15,15   16,20   13,48 0,75 

Si 14 K-series 145757  11,46   12,25 9,79 0,56 

K  19 K-series  30530   4,35 4,66 2,67 0,16 

Ca 20 K-series   3775   0,59 0,63 0,35 0,05 

Ti 22 K-series   1430   0,30 0,32 0,15 0,04 

Cr 24 K-series  18387   3,93 4,21 1,82 0,14 

Fe 26 K-series   2083   0,57 0,61 0,24 0,05 

Au 79 L-series  12761  14,08   15,06 1,72 0,45 

------------------------------------------------------------ 

Total:  93,53  100,00  100,00 

Spectrum: BLUE 

El AN  Series     Net unn. C norm. C Atom. C Error (1 Sigma) 

 [wt.%]  [wt.%]  [at.%] [wt.%] 

------------------------------------------------------------ 

C  6  K-series   2100   5,69 6,00   12,01 1,39 

O  8  K-series  47224  33,72   35,59   53,47 4,02 

Na 11 K-series  15165   3,55 3,75 3,92 0,26 

Al 13 K-series 144037  21,45   22,64   20,17 1,05 

Si 14 K-series  54146   8,16 8,61 7,37 0,45 

Co 27 K-series   1205   0,65 0,68 0,28 0,05 

Au 79 L-series  12328  21,53   22,73 2,77 0,68 

------------------------------------------------------------ 

Total:  94,75  100,00  100,00 

Used equipment 
SEM Hitachi S-3000N  
Stereomicroscope A57058 
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