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Abstract 

This thesis is a result of cooperation between the department of Mechanical 
Engineering of Blekinge Institute of Technology and Tetra Pak in Lund. The 
name of this thesis is Noise Reduction Study of Converting Equipment. 
 
Tetra Pak struggles with a very high noise level, that’s caused by their 
converting equipment. My task is to localize the source of the noise and then 
generate a number of solutions. I generated three types of solution. Then the 
solutions were weighted. The winning solution was surface treatment of the 
cooling rollers. Next step was to find treatments that are suitable for this 
application. Four types of treatments were found. Then I had to do a 
weighting of them. The treatment that won was the Tribobond 44. 
 
Tribobond 44 is made through the Physical Vapour Deposition process. The 
coating consists of Diamond like Carbon layers.          
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Notation 

 

 
Abbreviations 
     PE Polyethylene 

PTFE Polytetrafluoroethylene 

PFA Perfluoroalkoxy 

FEP fluorinated ethylene propylene 

PVD Physical Vapour Deposition 

DLC Daimond like carbon 

CVD  Chemical vapour deposition 

µm Micrometer  
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1 Introduction  

1.1 Problem description 

Tetra Pak have an issue with their converting equipment. The issue is a very 
high noise level. The noise is generated by their converting equipment. Tetra 
Pak have already been doing several noise measurements and some minor 
noise studies. Those studies didn’t end up with any solution. This thesis is 
about reducing the noise level and to do a noise study.  
 
 
1.2 Requirements 

The Requirements this thesis is: 
• Locate the source of the noise. 
• Generate solutions 

  
 
1.3 Company presentation 

In the early 1950s Tetra Pak was founded, they became one of the first 
packaging companies for (liquid) milk. Today is Tetra Pak one of the largest 
suppliers of packaging systems in the world. The company is located in Lund, 
this is about 19 kilometer northeast of Malmö. Tetra Pak’s focus is in the 
packaging industry. They are manufacturing packages for dairy products, 
cheese, ice cream, beverage and prepared food. They have two application 
categories for their packaging systems, ambient and chilled. Tetra Pak have 
43 plants for packaging material and closures around the world. In 2010 they 
made net sales of 9,980 million Euro. Their products are sold in over 170 
markets. Tetra Pak have customers all around the world. [B19]    
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1.4 Structure of the thesis 

This thesis will follow Fredy Olssons two phases concept development and 
primary construction. [A2] 
 
In concept development am I about to collect all necessary information about 
noise. I will also measure the noise level by myself to locate the noise source. 
With this information I will generate solutions and ideas of how to reduce the 
noise. 
In primary constructions I will decide which solution I will go through with. 
Here I also will refine my prototype, every change will be documented. 
Finally, all the drawings and measurements are compiled.  
 
The final moment is to compile all the modules in a final report.    
 
1.5 Function 

The laminator is coating the papers in three phases. The first phase is when 
the paper gets a layer of plastic and aluminium foil, in the second phase the 
paper will be coated with plastic on top of the foil. Phase three, here will the 
paper be coated with a plastic layer on what’s going to be the outside of the 
package. In the two first phases the paper gets coated on what’s going to be 
the inside of the package. In every phase the paper passes through a laminator 
station. The entire machine has three stations. Each and every laminator 
station consists of one cooling roller, one release roller, one nip roller and one 
extruder. The polyethylene is heated until it melts, and then it will extrude the 
melted plastic onto the paper. This happens when the paper is in contact with 
the cooling roller. This process is the same in every phase, except phase one 
where the aluminium foil is added into the process.  
  

 
 

Figure 1.5 Phases of lamination. [C3] 
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2 Theoretical background 

2.1 Acoustic 

You can describe sound as a pressure change in a media. The only way to 
achieve sound is through mechanical oscillation or vibration in a media. A 
mechanical oscillation or vibration will generate a wave motion. And a wave 
motion generates sound. [B2]  
 
This is true for gases, liquids and solids. The human ear is able to hear from 
20-20000 Hertz. [A1] 
 
2.1.1 Noise reduction 

Noise is usually created in three ways, vibrating surfaces, flowing liquids and 
steaming gases. 
 
There are a few methods to reduce noise. 

• Isolate airborne sound, build in the noise source. 
• Isolate structure-borne sound, this could be to install rubber feet 

underneath the machine. 
• Sound absorbing; this is when you arrange sound absorbing 

materials around the noise source. 
• Subdue with screens, it is when you use screen walls. 
• Material subdue, it is when you use sandwich panels.  
• The last method is to send out noise in anti phase against the noise 

source. [B3] 
 

The most efficient way to reduce noise is to stop the noise to spread freely. 
Example on how to stop the noise to spread freely is to encapsulate the 
noise source. But the only thing with this is that it takes a lot of space while 
mounted. 
 
The most common and most efficient sound absorbing material is porous 
absorbers. This type of absorbing material is mineral wool and textile. The 
porous material has open pores. Pores ensure that a certain amount of 
energy gets lost when a sound wave hits the material. The way that energy 
that gets lost is when the kinetic energy transforms to frictional heating. 
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When reducing the noise with a screen in front of the noise source there is a 
principle that says: when the distance between the noise source and the screen 
is the same as one fourth of the sound’s wavelength then the absorption will 
have the highest efficiency. The principle is called one fourth wavelength 
principle. There is one way to use absorbents better it’s to hang it up in the 
ceiling. By this method will the absorption will increase with 10-20 percent. If 
the noise is decreased with 8-10 decibel, that will give the feeling of half the 
noise level. [B1] 
 
2.1.2 Sound level meter 

When measuring noise you have to follow standards. It is also very important 
that your measured noise values are reproducible. Otherwise the measurement 
won’t be trustworthy. It’s also important that the equipment that will be used 
is classified with class one, in some cases class two is possible to use. The 
criteria that must be met to be able to classify a sound level meter are 
described by the standard SS-EN 61672-1. Earlier the criteria were described 
by SS-EN 60651 and SS-EN 60804. The equipment does only need to follow 
one of these standards. It’s only possible to measure the noise with accuracy 
of plus minus two decibel A with equipment that’s class one classified. It’s 
also important to have the background noise in mind while determining the 
noise that the source generates. [B1]  
 
The sound level is often measured in decibels A and C. The difference 
between them is that decibel A is used to imitate the sensitivity curve of the 
human ear. It’s not sensitive to very high and very low frequencies. Decibel C 
does just measure the peak value at very high sound pressure levels.  [B4] 
 
Almost every sound level meter have decibel A and C filters. [B5] 
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Figure 2.1.2 dB(A) and dB(C) weighted loudness curves. [B17] 
 

2.2 Noise 

Noise is irregular sound pressure change that hits the eardrum. It could also be 
described by unwanted sound. Too large sound pressure is not good for the 
human, it causes hearing damages. [B6,7]  
 
2.3 Type of sound 

The type of sound that’s generated from a machine is structure-borne or air-
borne. There are obvious differences between the two types of sound. [B1] 
 
2.3.1 Structure-borne sound 

The way structure-borne sound occurs is when machines and equipments are 
rigidly assembled to the building’s structural components. It becomes a sound 
when the structural components are mechanical affect. Then it occur 
vibrations which generates noise. [B1] 
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2.3.2 Air-borne sound 

This is the sound that comes directly from the noise source and spreads in the 
room through the air. Due to this the sound spreads to floors, walls and 
etcetera. When this type of sound spreads to walls it generates new air-borne 
sound on the other side of the wall. [A1] 
 
2.4 Sound absorbers 

The way a sound absorber works is by absorbing the energy of the incoming 
sound wave. Thereby will the reflective sound wave get a lower energy level. 
A lower energy level causes a weaker force of the sound. What’s known is 
that sound is a pressure and if the force gets weaker the pressure will do the 
same. Due to the earlier mentioned fact, it means that the sound level will be 
reduced. [B1] 
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3 Noise study 

The noise was measured with Brüel & Kjær 2260 investigator sound level 
meter. This sound level meter measures both A-weighted and C-weighted 
sounds. It’s also possible to do an easier frequency analysis with this sound 
level meter. The picture below shows how the sound level meter looks like. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.0 Sound level meter 2260 investigator Brüel & Kjær [B13] 
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The sound was measured in several positions of the machine. This is due to 
the size of the machine. When measuring the sound from a machine this big 
it’s not accurate enough to take one measure. This means that several 
measurements are required. The measurements was measured one meter from 
the source and 1,6 meter from the floor. To see in which positions the 
measurements was taken look in appendix 2. [B1,13] 
 
The speed of the paper was 500 m/min. The measurement in decibel C is the 
peak sound pressure level. The sound levels where measure in 116. 
 
 

Sound levels Laminate  Inside Decor 

dB(A) 81 84,5 94 
dB(C) 103 99 107 

 
Table 3.1 Sound measurements 

 
 
The noise was also recorded during the measurement. The recorded noise is 
analyzed with the software Sigview. There are two types of pictures on each 
recording. The first type is a picture is with the frequency versus the intensity. 
And the second is the frequency versus decibel. The reason why these pictures 
are in this report is to facilitate when choosing sound absorbing materials. 
You find the pictures in appendix 1. 
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3.1 Alternative solutions 

There are some different ways to reduce the noise. The way you choose to 
reduce the noise depends entirely on where the source of the sound is. Also 
what type of sound it’s. The first case is if the source is fans, pipes and 
pneumatic valves etcetera then it’s enough to fix those to achieve a lower 
noise. The second case is when the source could be an entire motor that 
generate the noise. Then it’s enough to reduce the noise from the motor. But 
in some cases it’s needed to focus on both cases to achieve the best noise 
reduction. [B1] 
 
An example of reducing the noise could be the case at Tetra Pak in Italy, 
Rubiera they have covered the entire lamination machine with sound proofing 
walls and roof. This is the best solution, the only disadvantages are that the 
construction needs much space. When covering noise sources means that you 
just reduce the noise not eliminate it. And when the operators are passing the 
walls they get exposed to the same noise.   [C2] 
 
3.1.1 Cooling rollers 

The cooling rollers task is to cool down the extruded film.  When this film is 
passing by the cooling roller it sticks to the surface of the roller. The extruded 
film releases from the cooling roller with a release roller. The noise occurs 
when this film releases from the cooling roller.  
 
The surface hardness on the cooling rollers today is about 900-1150 HV. 
[B20] 
 
One solution to this problem could be to coat the cooling roller with some 
kind of surface treatment. The purpose of surface treatment is to reduce the 
adhesion on the cooling roller, making less noise when released from the 
roller. 
 
Another solution could be to assemble sound absorbing protections around the 
cooling roller and the release roller. The purpose with a sound absorbing 
protection is to absorb the sound.  
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3.1.1.1 Teflon coating 

This type of surface treatment is called a non-stick coat. The coat is made of 
Teflon. There are some different types of surface treatments. The treatments 
are PTFE (Polytetrafluoroethylene), PFA (Perfluoroalkoxy) and FEP 
(fluorinated ethylene propylene). This treatment has already been studied at 
Tetra Pak.  
 
Properties for PTFE, PFA and FEP are shown in figure 3.1.1.1. 
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Figure 3.1.1.1 Teflon treatments properties [B8, 9] 
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According to Per Engvall there are a couple of disadvantages when using a 
Teflon surface. Those disadvantages are that the surface is quite sensitive for 
higher temperatures and scratches. For example, during a power break the 
melted plastic will cover the cooling roller and the Teflon surface will be 
destroyed. And it could even change the thermal properties of the cooling 
roller. [C1] 
 
3.1.1.2 Nano coating  

Another type of surface treatment is nanotechnology treatment. Some of the 
treatments are called CCMold NCrN, Ionbond 30, Tribobond 44, DLC 
(Diamond like carbon) and CVD (chemical vapour deposition).  
 
The surface you get from the first two mentioned treatments is a Chromium 
nitride coat. The currents surface of these rollers is a hard chrome coat. When 
treating of the rollers with CCMold NCrN or Ionbond 30 or Tribobond 44 will 
not change the thermal properties. Also the surface of the roller will not be 
that sensitive for scratches and higher temperatures. The table below shows 
the properties of the first three mentioned treatments. [B10,11] 
 
 

Properties Thickness Coefficient 
of Friction 

Surface 
hardness 

Temperature 
resistance 

Release 
property 

CCMold NCrN 3 µm 0,4 – 0.5 1800 HV 450˚C    Good 

Ionbond 30 4 – 6 µm 0,4 – 0.5 2200 HV 700˚C    Good 
Tribobond 44 1 – 3 µm 0,08 1500 – 3000 

HV 
300˚C  – 
350˚C    

Good 

 
Table 3.1.1.2 CC Mold NCrN, Ionbond 30 and Tribobond 44 properties 

[B10,11] 
 

 
This type of surface treatment is specifically developed for the molds in the 
injection molding industry. This treatment is called PVD coating. The method 
for this type of surface treatment is the following. The detail is added into a 
vacuum chamber, and then it’s heated up to 170˚C. When this temperature is 
reached, a chromium nitride atom is sent towards the surface of the detail. 
When the chromium nitride atom hits the target it changes place with the steel 
atom. Then the surface is changing its properties. The treatment is done when 
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every steel atom have been change to chromium nitride atoms. This procedure 
is called Magnetron Sputtering. This surface treatment is approved in the food 
and pharmaceutical industries. The method for this treatment is called PVD 
(Physical vapour deposition). The company that makes the treatment CCMold 
NCrN is called Cemecon and could only handle 450-500 millimetre with the 
new method and in some cases up to 700 millimetre length. With the old 
method also called ARC they could probably handle up to two meters length. 
With the ARC method it’s possible to do the treatment called CrN. But 
unfortunately this treatment doesn’t reduce the release force. Also they 
couldn’t handle details with a weight over 250 kilogram. What decides which 
length that’s possible to handle is the diameter of the detail. This means that 
Cemecon is not an option. [B10]  
 
Another company that also makes this type of surface treatment is Ionbond. 
The surface treatment Tribobond 44 is more often used in the plastic molding 
industry than the Ionbond 30. Tribobond 44 is approved in the food industry. 
Tribobond 44 is produced by the PVD process, but the treatment itself is a 
DLC layer. In Linköping they can only handle 800 millimetres lengths. And 
Ionbond Europe can handle 1800 millimetre lengths when coating PVD. They 
also have a limit for the weight, and its 1000 kilogram. Ionbond have the 
abilities to coat CVD, but the lengths that they can handle in this treatment is 
only 850 millimetre. [B11] 
 
 
3.1.1.3 DLC and CVD diamond coating 

The DLC surface treatment is also an alternative. Advantages with this 
coating are a much harder surface, a longer life-span then the chromium 
nitride coat, a lower coefficient of friction, wear resistant, adhesive and 
corrosive wear. This surface treatment is also used in the plastic industry. 
Disadvantages are the colour of the treated surface and the time of the 
treatment. The colour of the treated surface will be black. That the treated 
surface gets black doesn’t mean that it has to be a disadvantage. The colour 
itself isn’t dangerous.  
 
The last surface treatment is called CVD diamond. It is the same type of 
treatment as DLC. The only difference between these two treatments is that 
with CVD you will get a harder surface. This surface treatment occurs by 
Magnetron Sputtering. 
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The difference between CVD and DLC is the wear resistance and surface 
hardness. The table below shows the properties of these two treatments. [B12] 
 
 
 

 
 

 
Table 3.1.1.3 Properties DLC and CVD Diamond [B14, 15] 

 
 

 The two following pictures shows the cross sections of the treatments.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.1.1.3.A DLC coating [B15] 
 
 

Properties Thickness Coefficient 
of Friction 

Surface 
hardness 

Temperature 
resistance 

DLC 0,5 – 5,0 
µm 

0,06 – 0,1 1000 – 9000 
HV 

350˚C – 
400˚C    

CVD Diamond 10 – 2000 
µm 

0,1 10000 HV –    
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Figure 3.1.1.3.B CV D diamond coating [B16] 
 
 
These four treatments are suitable in this case. Unfortunately there is one 
problem with the chromium nitride treatment, Tetra Pak’s cooling rollers. 
They are too heavy and too large so Cemecon and Ionbond can’t handle them. 
What’s good with this type of surface treatment is that you don’t have to put 
up a sound absorbing hood over the cooling rollers. The only change will then 
be the surface of the cooling roller. 
 
Another solution with coating could be to manufacture a sleeve and coat it 
instead of the entire cooling roller. When this sleeve is coated you just shrink 
it onto the cooling roller. The advantages with a sleeve are that it will weigh 
less than an entire cooling roller. It will be easier to make a surface treatment 
on thanks to its low mass. 
 
This technology is quite new, that means that it’s still developing. In a couple 
of years from now it will be possible to treat bigger and heavier details. The 
best would be to cooperate with one of the companies that perform this type 
of surface treatment. And with this cooperation achieve some kind of fixture 
that makes it possible to treat an entire cooling roller. 
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3.1.1.4 Baffles 

It’s also possible to mount baffles between the cooling roller and the release 
roller. What’s important to have in mind while designing this type of 
protection is that it doesn’t obscure too much of the rollers and interferes with 
the paper. This protection will be a steel construction with sound absorbing 
material on it. There is another solution it’s to have mobile baffles. Thanks to 
this it will not disturb the operators during maintenance. Figure 3.1.1.4 shows 
the baffles. 
 

 
 

Figure 3.1.1.4 Baffles 
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3.1.1.5 Fibre cloth construction  

Another solution is to assemble a fibre cloth that runs around the cooling 
roller. This fibre cloth is made of a fine material that has great thermal 
properties and a very fine surface. Due to this the paper with melted plastic 
will not stick to the roller. Instead it sticks to the fibre cloth, this fibre cloth 
could be coated with an anti stick coat. Figure 3.1.1.5 shows the fibre cloth 
construction. 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3.1.1.5 Fibre cloth construction 
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3.1.1.6 Fans used for the exhaust ventilation in laminator 

When reducing the noise from a fan you will have to determine what type of 
fan that’s currently installed. If the current fan is a centrifugal fan with 
straight blades it’s often enough to change the blades to curved ones. But to 
actually achieve the most efficient noise reduction you have to mount a sound 
trap in front of the fan. The picture below shows the two types of centrifugal 
fans. The one to the left have straight blades and the other one have curved 
blades. [B1] 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

Figure 3.1.1.6 Centrifugal fans with straight and curved blades [B18] 
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3.1.2 Electric motor and gearbox 

Reducing the noise from the engine and the gearbox could be done by a 
redesign the engine and the gearbox. It could also be done by designing a 
hood that’s upholstered with sound absorbing material. How a sound absorber 
works is described in the theoretical background under sound absorbers. 
 
 
3.1.2.1 Electric motor 

The simplest way to reduce the noise on the engines is to design a sound 
absorbing hood. This only makes difference if it’s air-borne sound. If the 
sound is of the type structure-borne it could be enough to just vibration isolate 
the engine. Vibration isolation could for example be when you assemble a 
rubber or a viscoelastic material layer between two metal surfaces that are 
mounted together.  
 
In this case it’s about design a hood. The entire cooling system could also be 
changed. Instead of being air cooled it could be liquid cooled. One big 
disadvantage with this type of installation is that it costs a lot to go through 
with and it also takes a lot of time.    
 
3.1.2.2 Gearbox 

The gearbox generates noise through the friction between the cogwheels. 
There is a couple of ways to reduce the noise that’s generated from the 
gearbox. One way could be to change the cogwheels from straight teeth to 
bevel teeth. This will make the gearbox a little more silent. Another idea 
could be to see if there is a gearbox fluid that isolate sound better. Then the 
simplest way is to cover the gearbox with sound absorbing material. The 
sound absorbing material should be like a canvas. Just to make it as simple as 
possible. 
 
 
 
 
 



26 

3.2 Printing machine 

The noise sources in the printing machine are the printing units, the tool that 
is making the folding lines in the paper, fans, pipes for high pressure air. What 
is already done with the printing machine is that they have built in the entire 
machine. Thereby have the space been reduced. The printing units are a 
construction of rollers that’s equipped with plastic clichés.  
 
What generates the most noise in the printing machine is the tool that makes 
the folding lines in the paper. This is followed by the printing units, what 
generates the noise here is the printing colours. These printing colours 
generate the noise because of adhesion to the plastic clichés. When the paper 
releases from the plastic clichés it then occurs a noise. [C4] The simplest way 
to reduce the noise here is to install baffles.  
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3.3 Weighting 

It’s now time for a weighting of the solutions. This weighting was 
implemented by setting up some aspects and the see how the solutions will 
meet them. Below is the result of the weighting. 
 
Weighting    
1.Development cost 2  
    
2.Manufacturing cost 2  
    
3.Functional safety 8  
    
4.Risk of impact on the process 
parameters 

10  

    
5.Installation  1  
    
6.Life-Span  5  
    
7.Known technique 4  
    
    
    
    
Grades    
     Baffles Fibre cloth Surface treatment 
     1          8         2              8 
     2          8         3              6 
     3          5         3              6 
     4          1         4              2 
     5          7         1             10 
     6          5         4              8 
     7          5         3              9 
    
Total grades        129       104            183 
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The scale that was used in this weighting is a scale from 1-10 were the 
number one means insignificant and number ten means important. The same 
scale was used for the grades, only difference is that here does number one 
mean worst and number ten mean best. The solution with the highest grade is 
the winning concept. 
 
Why development and manufacturing costs were defined as almost 
insignificant is because any investment will return money in Tetra Pak’s large 
scale. And of course it’s very important that it completes its function. But the 
most important aspect is that it doesn’t affect the current process. The 
installation time is not a big problem though the machine has a long 
maintenance time, it means that there will be a lot of time to install the 
solution. A long life-span is also important because of its aggressive working 
environment. To use a known technique is always an advantage.  The winning 
solution was the surface treatment.   
 
Why the surface treatment won. First of all it’s a known technique, it’s also 
easy to install and it won’t affect the process parameters. It has the longest 
life-span, non huge cost of manufacturing and development and there is a low 
risk that is doesn’t work. 
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4 Surface treatment 

The winning concept is as already told surface treatment. In this chapter, one 
winning treatment will be decided and then dig deeper into it. The reason why 
I don’t have the DLC coating in the weighting is because of the Tribobond 44 
treatment, it’s a DLC coating. 
 
The five treatments are CCMold NCrN, Ionbond 30, Tribobond 44, and CVD 
Diamond. Advantages with CCMold NCrN, Ionbond 30 and Tribobond 44 
are, first of all these three treatments are developed for the molds and other 
tools that form plastic in the plastic industry. These three surface treatments 
are used to achieve a reduced release force. The second advantage is that this 
type of treatment is known for its good release properties. Disadvantage with 
on these three treatments is the hardness of the surface. It’s not as hard as the 
CVD diamond treatment.   
 
CVD Diamond treatments are not used that much in this type of industry. The 
advantage with these treatments is a much harder surface than the first three. 
The disadvantage is that these surface treatments don't have any documented 
release force property. Most important properties in this case are the release 
property, temperature resistance and a high surface hardness. Figure four 
shows the weighting of the surface treatments. 
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Figure 4 Weighting of surface treatments 
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The reason why the surface treatment DLC isn’t weighted is because of the 
treatment Tribobond 44. The surface treatment Tribobond 44 is a type of DLC 
coating.  
The scale that was used in this weighting is a scale from 1-10 were the 
number one means insignificant and number ten means important. The same 
scale was used for the grades, only difference is that here does number one 
mean worst and number ten mean best. The surface treatment with the highest 
grade is the winning treatment. 
 
The winning surface treatment is Tribobond 44. 
 
 
The cooling rollers today have three types of surfaces, one high glossy, one 
semi gloss and one matt. What have been observed are two types of 
behaviours depending on the surface of the cooling rollers.  
 
The matt surface behaviour:  

• The plastic releases pretty easy  
• Possible to operate with pretty high velocity 
• Quite high sound level   

 
The Glossy surface behaviour: 

• The plastic sticks much harder to this surface 
• Lower velocity 
• Much higher sound level 

Thus, the type of surface that would be the best is a surface that is glossy but 
acts like a matt.  [C1] 
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4.1 PVD treatment 

It’s also called Physical vapour deposition coating. The first treatment process 
is called ARC Evaporation, the second is called Magnetron Sputtering the 
third is called Enhanced sputtering. These are the three processes of PVD 
treatment. There are some differences between these three coating processes, 
and these will be explained later on. The arc treated surface gets rougher then 
the sputtered one. See pictures below. 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.1.a Magnetron sputtering enlarged 2000x [B10] 

 
 
 
 
 
 

 
 
 

 
Figure 4.1.b Arc method enlarged 2000x [B10] 

 
It’s impossible to achieve the same type of surface treatment with arc 
receptive magnetron sputtering. For example Cemecon can do the treatment 
CCMold NCrN with magnetron sputtering but not with the arc method. The 
table 4.1 below show the advantages respective the disadvantages of the PVD 
treatment. 
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Advantages PVD treatment 

• Environmentally friendly, no damaging material, emissions and no toxic 
reaction products. 

• Great variety of coatings can be produced 
• Coating temperature below the final heat treatment temperature of 

most metals. 
• Small , precisely reproducible coating thickness. 
• High wear resistance  
• Low coefficient of friction. 

 
Disadvantages PVD treatment 

• Holes, slots etcetera, can only be coated down to a depth equal to the 
diameter or width of the opening. 

• Corrosion resistance only under certain conditions. 
• In order to achieve a uniform coating thickness, the parts to be coated 

must be rotated during processing. 
 

Table 4.1 Advantages and disadvantages with PVD coating 
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4.1.1 ARC Evaporation 

This surface treatment process consumes vacuum, target material, heat, gasses 
and electrical potential. The substrate, coating material is placed in the 
chamber and connected to an electrical source. When this is done the substrate 
is moved out from the chamber, then this chamber is heated to 100-600˚C. 
After this the substrate will be placed in the chamber again. In this stage there 
adds a small quantity of gas into the chamber. This small quantity of gas is 
creating a plasma cloud. What happens with this cloud is that is ignites, it will 
evaporate the target material, this will deposit the coating on the detail. This 
type of coating has the possibilities to increase the surface hardness and 
reduce the coefficient of friction. [B22]         
  
 
 
4.1.2 Magnetron Sputtering 

This type of PVD treatment process is quite different to the ARC evaporation 
process. A brief explanation of sputtering is, an ionized gas molecule is 
exploited to displace the atoms of a specific material. The magnetron 
sputtering process requires a high voltage combined with a low gas pressure. 
This combination creates high-energy plasma. This plasma contains energized 
ions. These ions hits the substrate, the substrate is the required coating 
material. When the ions hit the substrate it causes a big force. This force is 
causing the atoms in the target material to eject and connect to the substrate 
atoms.  [B21] 
 
4.1.3 Enhanced Sputtering 

This process is almost the same as the magnetron sputtering. The difference 
between them is that the plasma intensity is enhanced thanks to this the 
ionisation gets a higher degree. [B23] 
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4.1.4 Tribobond 44 

According to Ionbond the surface treatment that is used most often in the 
plastic industry is the Tribobond 44. This surface treatment is a low friction 
layer treatment. The coating material is chromium/ carbon. This treatment is a 
DLC coating, but it’s coated with the PVD process. This treatment is 
specifically developed for the automobile industry. Coating temperature is 
underneath 200˚C, it means that a big number of base materials could be 
treated. The properties of Tribobond 44 are high wear resistance, extremely 
low friction and good release properties. The application for this treatment has 
a wide range. Table 4.1.5 shows possibilities and applications with Tribobond 
44.   
 
 
Possibilities with Tribobond 44 

• Reduce or eliminate lubricant additives.  
• Reduce the problem of sticking on punching tool. 
• Reduce friction and increase abrasion resistance. 

 
Applications of Tribobond 44 

• Sheet metals and plastic molds. 
• Cutting tools. 
• Hinges and other moving parts. 
• Punches. 
• Ceramic sealing’s. 
• Medical instruments and implants. 
• Engine details. (piston rings, cam followers, bushings and etcetera.) 

 
Table 4.1.5 possibilities and applications with Tribobond 44 

 
To see the properties of this surface treatment, look in 3.1.1.2 Nano coating. 
This treatment is approved in the food industry.  What’s good with this 
treatment is that it’s possible to change the surface hardness depending on 
application. 
 
This surface treatment has an extremely little affect of the surface structure. 
With the PVD-technique the coating layers become very smooth. These layers 
are very close to a copy of the surface topography. [B11]      
  



36 

 

5 Conclusion 

The high noise level is a natural behaviour of Tetra Pak’s converting 
equipment. The source of the noise has been localized to the cooling rollers, 
electric motor, gearbox and the exhaust ventilation fans. What is causing the 
noise at the cooling rollers is when the laminated paper releases from the 
surface of cooling rollers. Why noise occurs here is because of the melted 
plastic gives rise to sticking on the surface of the cooling roller. 
Several noise measurements and studies have already been done earlier on 
Tetra Pak. But there haven’t occurred any solutions to this problem. 
Solutions that are generated in this thesis are surface treatment of the cooling 
rollers, baffles to mount between the cooling roller and the release roller and a 
fibre cloth construction. The winning solution was the surface treatment. 
There are four types of surface treatments. These are CCMold NCrN, 
Tribobond 44, Ionbond 30 and CVD. The winning treatment was the 
Tribobond 44.      
According to Per Engvall, Tetra Pak has been looking at Teflon coatings. This 
type of surface treatment wasn’t suitable for this type of application. 
In this thesis the noise level is measured. The noise level was measured in 
three positions. 
Purely spontaneously, it feels like the noise measuring can be made more 
accurate. For example measure the noise in more than three positions of the 
machine. Also make the noise recordings more accurate. It would be better to 
use a separate microphone, instead of using the built in microphone in the 
computer.  
The results of this thesis is not an existing product, it’s some suggested 
solutions.  To achieve the best noise reduction shall the coating of the cooling 
rollers, the baffles at the release roller, the encapsulation of the electric motor 
and gearbox and fix the fans be combined.    
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Appendix 1  

 

 
Picture 1. Frequency versus intensity, laminate.  
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Picture 2. Frequency versus decibel, laminate. 
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Picture 3. Frequency versus intensity, inside.  
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Picture 4. Frequency versus decibel, inside. 
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Picture 5. Frequency versus intensity, decor.   
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Picture 6. Frequency versus decibel, decor.  
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