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ABSTRACT 
 
The cylinder liners’ surface is really important in an engine because it corresponds with 
piston rings to a tribologic system indispensable to know for reasons of wear, of oil 
consumption and engine’s life time. For these reasons, it is important to measure and 
characterize these surfaces. 
The first part of the project is the observation of the impact of the number of strokes of the 
plateau honing on the surface of the cylinder liners. It is interesting to observe the impact of 
the variation of the number of strokes of the plateau honing on the peaks, plateaus and 
valleys of the surface. 
The second part of the project is the simulation of the oil flow on the surface to observe the 
links between the roughness parameters and the oil flow and the shear stress. 
 
The results are interesting, we will observe that the number of strokes of honing as a good 
impact on the quality of the surface. 
In the second part of the project, the results show a correlation between the machining 
parameters and the roughness and functional parameters. 
It could be interesting to mix the two parts of the project to see the correlation among 
machining, roughness and functional parameters for the samples made in the first of the 
project. 
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1. Introduction 
 

1.1. Study environment 
 

1.1.1. Halmstad 
 
Halmstad is located on the west coast of Sweden 
between Malmö and Göteborg. It is located in the 
middle of the most booming area of Sweden after 
Stockohlm. 
Almost 90.000 permanent people live in Halmstad 
but during the summer a lot of tourists come to 
appreciate this famous tourist city. During the rest 
of the year, the businessmen, the members of the 
army and the students assure the prosperity and 
the culture of Halmstad. 
 
 
 
 
 

 
 
 

1.1.2. University of Halmstad 
 

Halmstad University is a university which 
crosses boundaries - for innovation and 
creativity! The university offers a wide 
choice of study programs to approximately 
7,000 students. Most of the study programs 
leads to either a Bachelor's or Master's 
degree. The university has well-developed 
research environments, most with a unique 
national or international profile.  

 
 
 

 
West swedish coast map 
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1.1.3 Volvo 
 
The Swedish group Volvo is a world-leading manufacturer of commercial vehicles. The Group has 
more than 90 000 employees in 58 countries. The Volvo Group customers are active in more than 
180 countries worldwide, it sales correspond to SEK 248bn (about €27bn) in 2006. 

 
Activities concern: Volvo trucks, Volvo construction equipment, Volvo buses, leisure boats (Volvo 
penta), aeronautic components (Volvo aero), financial services. However, automotive activity 
(Volvo Car Corporation) is owned by Ford group since 2000. 
I performed my project in collaboration with Volvo trucks and Volvo Powertrain (supplies the 
Volvo group with engines and transmission systems). 
 
AB Volvo is organized as it is following: 
 
 
 

 
 

fig.1.1: Organisation of Volvo 
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1.2. Introduction of the Honing 

1.2.1. Importance of a good quality of surface 
 
The piston is the part of the engine which transmits to the connecting rod the energy produced by 
air-fuel mix combustion. In this way the straight movement (piston sliding along cylinder liner) is 
changed into circular movement by the way of the crankshaft. For sealing, piston rings encircle 
piston. Each piston ring has his own use : the bottom piston ring hold back oil to avoid it to come to 
the top of the piston ; the middle one help the first one by returning the oil’s extra which gets 
away ; the top ring control the engine compression. 
In that case we can easily understand how important is the tribologic system cylinder/piston (more 
precisely the piston/ring) to understand energy losses phenomenon which represents around 35% of 
energy losses in an engine. So, nowadays one of the research field for manufacturers is the 
improvment of cylinder liners’ surface quality. 
 

global view of an engine

tribologic system : piston ring/cylinder

piston/cylinder liner interfaceglobal view of an engineglobal view of an engine

tribologic system : piston ring/cylindertribologic system : piston ring/cylinder

piston/cylinder liner interface

 
fig.1.2: Schematic explanation of a cylinder liner surface 
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1.2.2. The ideal surface 
 
For the cylinder liners manufacturers, the perfect surface researched must have the following 
functionnalities: 
 

� Smooth surface to reduce friction and adjust more easily running clearance 
� Important contact area to share wear all along the surface and to avoid high pressure zones 

but also for sealing 
� Deep grooves for lubrication retention and debris collection 

 
Thus, « plateau » machining (or plateau honing) of surface is perfectly adapted to the situation. 
There for it takes benefits of smooth surface and of rough surface. 
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fig.1.3: Surface profile after Plateau Honing 
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fig.1.4: Picture to show the pattern of a cylinder liner surface. Picture taken with SEM 
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1.2.3. Course Honing & Plateau Honing 
 
To obtain the ideal surface, the manufacturers are using machining called: Honing. 
There are two different types of honing: 
 

- Course honing 
- Plateau honing 

 
After the course honing, the surface will have both deep valleys and high peaks. But as we saw 
above, we need to get plateaus and deep grooves. 
The way to obtain a good surface is the following: 
 
 
 
 
 
 
 
 
 
 
We can see, after the course honing we get deep valleys and high peaks. 
After the plateau honing, the peaks are removed and we obtain plateaus and we keep the valleys. 
 
Plateau honing is a finishing operation. Abrasive stones are used to remove minute amounts of 
material in order to tighten the tolerance on cylindricity. This operation is not a gross geometry-
modifying operation. Hones can be multiple pedal type (pictured below) or brush type. Either type 
applies a slight, uniform pressure. 
The move up (and down) of the tool compound with rotation creates crossed grooves: this 
kinematic is used for all the steps shown before. 
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fig.1.5: System and motion of finishing process 
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Silicon carbide tools are often used for finishing process. However since some years diamond tools 
are also appreciated for the following reasons: 
 

� Length of life: Due to the very slow breakdown of diamond stones, tools are replaced less 
frequently meaning that machine downtime is reduced. This is of importance on a high 
volume line. 

� Low deviation between different cylinders: because of the slow stone breakdown, 
constancy and straightness of the machined surface quality is improved. 

 
 
 

 
 

fig.1.6: Picture of the finishing process for cylinder liner of a ship engine. 
 
In fig.1.6, the size of this cylinder liner is very huge. Thus, it is very difficult to study its surface. If 
you want to study this surface, you have to replicate the surface on a smaller sample. 
 
To make this surface, there is a part of the study (chapter 2) was devoted to reproduce the ship liner 
topography on flat samples for tribologic testing. A machine, able to make the same kind of surface 
as the ship cylinder liner, has been used. 
 
 

1.3. Introduction of measurement instruments 
 
During my training period, different kind of measurement instruments have been used: 
 

- Stylus or profilometer. 
- Interferometer. 
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1.3.1. The profilometer 
 
Mechanical instruments: 
 
The principle of the stylus, where a sharp probe traverses a surface and transforms its minute 
irregularities into another form of energy, seems ideally suited in retrospect to apply to 
measurement of surfaces. Strangely enough it was a generation after the invention of the 
phonograph before surfaces were first measured with a stylus instrument. One early instrument 
used an optical lever to magnify the stylus movement. Another amplified the vertical movement of 
the stylus mechanically by a system of levers until it sufficed to cause visible fluctuations in a 
continuous scratch on a smoked glass plate. This had the advantage that the stylus need not move at 
constant speed. In another version the vertical movements of the probe were transmitted to a mirror 
forming part of an optical lever, and the detections of a light beam thus amplified were recorded on 
a moving photographic film. 
 
Electrical instruments: 
 
Finally, however, the obvious step was taken and the stylus was given a transducer to convert 
vertical movement into an electrical oscillations. The Abbott profilometer ushered in a new era in 
surface measurement. In its original form it had all the important components which stylus 
instruments have embodied ever since: a pickup, driven by a gearbox, which draws the stylus over 
the surface at a constant speed; an electronic amplifier to boost the signal from the stylus transducer 
to a useful level; and a device, also driven at constant speed, for recording the amplified signal. 
 

 
 

fig.1.7: Schematic stylus instrument [1] 
 
I used this kind of profilometer to obtain the roughness parameters of my surfaces, it was as it 
follows: 
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fig.1.8: Picture of the portable stylus system, 
Diavite DM-7 used for measuements of the samples in this study 

 

1.3.2. The interferometer 
 
The interferometer is an optical method of assessing surface features of an area uses the principle of 
interference of light. 
The method is briefly this: when light rays are reflected between two surfaces which are not 
parallel, the different path lengths at various parts of the surface cause phase changes in the light 
reflected back to the observer. Consequently, some rays cancel whereas some augment each other, 
giving rise to a pattern of alternate dark and light fringes. Their spacing and shape depend on 
reflector and on the regularity of the surface. 
 
The texture irregularities are reproduced as irregularities in the interference pattern and, under 
adapted viewing conditions, the displacement of the fringes is a measure of the roughness size. 
 

 
 

fig.1.9: Phase Shift Microlan, used in this study 
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1.4. Introduction of the main parameters used 

 
In this part, I will introduce to you the main parameters I used to characterize my surfaces. I think, 
it is not interesting to introduce to you all the existing parameters. 
 

1.4.1. The “Ra” parameter: 
 
The “Ra” parameter is the Amplitude Average Roughness.[ISO4287:´97] 
The average roughness is the area between the roughness profile and its mean line, or the integral 
of the absolute value of the roughness profile height over the evaluation length: 

 
 

fig.1.10: Profile to explain Ra 
 

∫= dxxz
L

Ra )(
1

 

(1) 
 

Ra is the parameter the most using to characterize the surface by the manufacturers. 
 

1.4.2. The “Rz” parameter 
 
The “Rz” is the mean of five individual values of Rt (distance between the highest peak and the 
deepest valley) for five consecutive sample lenghts. [ISO4287:´97] 
 

 
 

fig.1.11: Profile to explain Rz 
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It is more interesting than the Rt parameter which is the distance between the highest peak and the 
deepest valley on all the length of measurement (ln), however RzDIN is the mean of five individual 
values of Rt (distance between the highest peak and the deepest valley) for five consecutive sample 
lengths (lr). 
 
If there is an “error peak” on the surface, it will impact directly on the Rt and it will create an error 
on your graphic. However, the impact of an “error peak” will be less for the RzDIN than for the Rt 
because of the “average effect”. 
 

1.4.3. The parameters “Rk”, “Rpk”,”Rvk” 
 
 The “Rk”, “Rpk” and “Rvk” parameters come from the material ratio curve (Abbott 
curve).[ISO13565-1:´96] 
 

- “Rk” is the depth of the core roughness profile. 
- “Rpk” is the average height of protruding peaks above roughness core profile. 
- “Rvk” is the average depth of valleys projecting through roughness core profile. 

 
On the right of the picture, the curve is the Abbott Curve. 
 

 
 

fig.1.12: Profile to explain Rk, Rpk, Rvk 
 
After collecting all of these parameters, I could make different graphics to show the evolution of 
the parameters with the different honing. 
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2. The Honing Machine 
 

2.1. Introduction 
 
The machine makes the samples to reproduce the surface of the ship cylinder liner texture for flat 
samples is composed by: 

- a support rotated by a pneumatic cylinder to obtain the honing angle between the 
grooves. 

- a pneumatic cylinder puts the pressure on the honing stone on the surface to make the 
grooves. 

- a pneumatic cylinder to translate the honing stone and make the grooves 
 
 

    
 

fig.2.1: Pictures of the Honing Machine which make honing on flat samples 
 
The motions of the support, the honing tool moved by the pistons and the pressure made by a piston 
on the honing tool are controlled by a programmable logical controller (PLC). A new PLC was 
installed during this project. 
To avoid making any mistakes, the transition between the both where made in three steps: 
 

- Firstly, the old installation of the controller has been checked to know more about the 
work of each wire and each cable. 

- Secondly, to remember all the connections, wires and plugs, a map has been made. 
- Thirdly, the PLC has been installed in the machine. 

 
To measure the position of the pneumatic cylinders, inductive sensors are installed on them. The 
sensors send electric signals to the PLC to indicate out or inward position. The PLC electrically 
control the pneumatic valves in the system to motion the cylinders in accordance to the control 
software made. 
 
 



 

 

 
 

Consequences of machining on roughness and functions of cylinder liners surfaces 

ALLARD Nicolas 5GM Final year project from 12th of February till 29th of June 2007  Page 17 / 31 

 
 

fig.2.2: Picture of the controller: 
on the left, the old controller FESTO FPC 202 and on the right, the new controller FESTO FC 20 

 
To make the specific motion that I wanted to reproduce my surfaces, I had to make a program 
downloaded into the controller. Thus, I had to learn a new language to program (components came 
from FESTO). (APPENDIX I and II) 
 
As I already said above, we are using Silicon carbide tools (stones) to make the grooves on the 
surface of the cylinder liner (cf. chapter 1.2). Actually, we are using two different kinds of stones: 
 

- Firstly, we are using stones with big grains (mesh 120) to make the course honing (deep 
valleys and high peaks). 

- Secondly, we are using stones with small grains (mesh 400) to make the plateau honing 
(to keep the deep valleys and cut the high peaks to obtain plateaus). 

 
With all of these components, I made the tests. 
 

2.2. Tests and Roughness parameters 
 
With the machine, the pressure of the stone on the surface and the number of strokes for the course 
and the plateau honing could be controlled. 
To obtain a good quality of the surface which respects the properties of the manufacturer, different 
test series have to be made to know which pressure and number of strokes will be the best to get the 
best quality of surface. 
 
With different articles, we know the pressure of the stone on the surface is approximately 3 bars for 
the course honing and 1 bar for the plateau honing. 
 
To obtain the different parameters, different series of test with different number of strokes and 
different kind of stones have been made. 
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Different series of tests with different properties have been made: 
 
Firstly, a serie of tests has been made only with the course honing: 
 

- 100 strokes with a piston pressure of 3 bars. 
- 150 strokes with a piston pressure of 3 bars. 

 
After these two series, I remarked the difference was not important. Thus, we decided to keep 100 
strokes of course honing for the rest of the tests. 
 
Secondly, two series of tests with different plateau honing have been made: 
 

- 100 strokes 
- 200 strokes 
- 1bar of pressure 

 
I obtained this kind of sample surface as following: 
 

 
 

fig.2.3: Sample surface after machining 
 

 
 

fig.2.4: High magnification (SEM x50) of the surface after machining 
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To obtain the parameters which are going to characterize the surfaces, a stylus instrument also 
called profilometer has been used. I already explain you this kind of measurement in the chapter 
1.3.1. 
 
Then, the surface has been measured to obtain the roughness parameters to characterize each 
surface. 
The main parameters collected and the most interesting are the followings: 
 

- Ra for the average roughness, traditional parameter. 
- Rz describing the maximum altitudes. 
- Rk describing the core-bearing roughness. 
- Rvk describing the valley amplitudes. 
- Rpk descibing the peak amplitudes. 

 

2.2.1. Observations of the evolution of the Ra 
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fig.2.5: Evolution of the Ra 
 
The only recommendation made by the manufacturer was the Ra range. 
 

Ra has to be around 1µm (more or less 50%) 
 

With this graphic, it is very easy to compare the impact of each machining. You can see without 
any plateau honing, the Ra is almost every time out of the range. 
In the two cases of plateau honing, the surface is in or around the range.  
More important is the number of the plateau honing strokes is, more the Ra decrease. For 200 
strokes of plateau honing, the Ra is almost every time around 0,5 µm. 
 
Thus, to obtain the same surface as the manufacturer we had to make an important number of 
strokes for the plateau honing, at least 100 strokes. 
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2.2.2. Observations of the evolution of the Rz 
 
It could be also interesting to see the evolution of the Rz parameter. 
This parameter show the mean height between the highest peak and the deepest valley. 
 
If there is an “error peak” on the surface, it will impact directly on the Rt and it will create an error 
on your graphic. However, the impact of an “error peak” will be less for the Rz than for the Rt. 
That is why I observed the Rz and the not the Rt parameter. 
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fig.2.6: Evolution of the Rz 
 
You can see that without plateau honing, the parameter Rz is pretty high. It means the surface has 
valleys but also high peaks. Of course, this result is not good and we have to make plateau honing. 
After plateau honing, you can see the results are close. But the higher the number of strokes is, the 
lower the Rz is. This observation is logical, because the purpose of the plateau honing is to cut the 
peaks of the surface and create plateaus instead of the peaks. Hence, with this kind of machining 
you will obtain a good quality of surface as I explained to you in the chapter 1.2.2, a surface with 
deep valleys, plateaus and without peaks. 
With the error, you can observe that the error of the Rz is almost the same for 100 strokes and 200 
strokes of plateau honing but it is lower than without plateau honing. We can say that the plateau 
honing will impact on the height of the surface and on its aspect. With the plateau honing, you can 
observe it tend to make the surface more uniform. 
 
Thus, to obtain a good result and a good quality of surface, you have to make plateau honing with 
the higher number of strokes as possible. 
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2.2.3. Observations of the Rk, Rpk, Rvk 
 
To know more about the quality of the surface, it is also interesting to observe the parameters Rk, 
Rpk and Rvk. 
 

Evolution of the Rk, Rpk and Rvk
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fig.2.7: Evolution of the parameters Rk, Rpk and Rvk 
 
Twelve measurements have been made for each case: Without plateau honing, With plateau honing 
100 strokes and With plateau honing 200 strokes. 
 
You can see that the Rk is very high without plateau honing. After the plateau honing, you can see 
that the Rk decrease, especially after 200 strokes of plateau honing. 
You can observe the impact of the plateau honing on the Rpk, the plateau honing cut the peaks to 
get more plateaus. After 200 strokes of plateau honing, you can observe that the Rpk is very low. It 
means that there is almost no peak on the surface. 
With the error you observe that the plateau honing makes the surface uniform, the error of the Rk 
and the error of the Rpk are almost the same for 200 plateau honing strokes. 
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Evolution of the importance of the valleys
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fig.2.8: Evolution of the importance of the valleys 
 
Twelve measurements have been made for each case: Without plateau honing, With plateau honing 
100 strokes and With plateau honing 200 strokes. 
 
To make this graphic, the following ratio has been used: 
 

RvkRpkRk

Rvk

++  

(3) 
 
With this graphic, you can see that the ratio between the Rvk and the sum of Rk, Rpk and Rvk 
increase. 
It means that the importance of the valleys rise against the full surface. With the graphic (fig.2.7), 
you can observe that the “quantity” of the surface decreases. Compare with this reduction of the 
“quantity of surface”, the importance of the valleys increases. It is normal, the plateau honing cut 
the peaks, remove material and make plateaus, thus the importance of the valleys is greater than 
before. 
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You can also take a look on the different kinds of surface and the aspect of the Abbot curves. 

 
   fig.2.9: 3D measurements of the surface       fig.2.10: 3D measurements of the surface 

    Without plateau honing    With plateau honing 200 strokes 

 
        fig.2.11: Abbott curve for surface    fig.2.12: Abbott curve for surface  

 Without plateau honing      With plateau honing 200 strokes 
 
As you can see, there is a big difference between the two steps. Before the plateau honing, the 
surface looks very rough when after the 200 strokes of plateau honing it looks smooth. On figure 
2.10, you can see the plateaus on the surface, deep valleys and no high peaks. 
With the Abbott curves, you can also observe the same results that you observed with the graphics 
(fig.2.7 and fig.2.8). You see a high Rk, a slightly lower Rpk and a low Rvk for a surface without 
plateau honing. After 200 strokes of plateau honing, you observe low Rk and Rpk and a high Rvk. 
These results are in the same way as the results I found above with the different graphics (fig.2.7 
and fig.2.8). 
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2.2.4. Control loop 
 
To conclude with these measurements and these observations, I am able to use this loop: 
 

Design Parameters
Characterization

FunctionManufacturing

Design Parameters
Characterization

FunctionManufacturing

 
 

fig.2.13: Control loop 
 
Manufacturing groups: 
 

- Honing pressure on the surface. 
- Numbers of strokes for the course honing and the plateau honing. 
- Honing angle. 
- Speed machining. 

 
Design parameters and characterization group: 
 

- Roughness. 
- Oil flow. 
- Contact area. 
- Contact point properties. 

 
Function: 
 

- Low oil consumption. 
- Low wear rate. 
- Fuel consumption. 
- Long life cycle. 
- Performance. 

 
After my observations we can not discuss about everything in each group. 
But, this loop explains the different links between the manufacturing, the design parameters and the 
characterization and the function. 
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Actually, it is a little bit difficult to explain directly the link between the manufacturing and the 
function of the surface. Thus, it is easier to explain the function of the surface with the 
characterization and the design parameters. 
 
In our case, you can see the link between the number of strokes of the plateau honing 
(Manufacturing) with the quantity of oil stored in the valleys and the lubrication (Function). To 
help us to understand this link, the design parameters, especially the parameters Ra, Rz, Rk, Rpk 
and Rvk have been used. With these observations, we concluded that higher is the number of 
strokes of plateau honing, better is the quality of the surface and higher is the importance of the 
valleys on the surface. The importance of the valleys will have an impact on the storage of oil in the 
valleys and on the lubrication of the cylinder liner. 
When you are using this method, you find the link between the manufacturing and the function. In 
our case, we showed that the number of strokes of the plateau honing will impact on the storage of 
oil in the valleys, thus on the lubrication of the cylinder liner. 
 
To think about the future of this part of this project, we could look the impact of the honing angle. 
Make different samples with different honing angles and observe the differences. 
 
3. Consequences of machining on roughness and functions 
 
The purpose of this part is to find link and correlation among the different parameters of machining, 
the roughness and the functional parameters. 
To fulfill this goal, some measurements have been made, a MATLAB program coming from the 
Massachusetts Institute of Technology [6] has been used and also a MATLAB function of 
correlation to find correlation among the different parameters. 
For this part, we studied eleven different cylinder liners with different types of machining. 
 

3.1. Measurements 
 
To characterize the surfaces, these surfaces have been measured with different measurement 
instruments. 3D measurement with an interferometer and 2D measurement with a stylus have been 
made. To obtain a good result of measurement, a lot of measurements on each sample have to be 
made. Thus, with the interferometer, twenty measurements have been made on each sample and 
with the stylus, five measurements have been made on each sample (mechanism of the 
interferometer and the stylus has been explained in the chapter 1.3.). 
 
At the end of the measurements, I made almost 300 measurements with different kinds of method: 
 

Interferometer: 11 samples x 20 measurements = 220 measurements 
 Stylus:   11 samples x 5 measurements = 55 measurements 
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fig.3.1: Sample pattern of    fig.3.2: Sample pattern of  
       the 3D measurements             the 2D measurements 
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With the 3D measurements, some surfaces will be obtained and with the 2D measurements, some 
profiles will be obtained. 
After measuring the surfaces, all the parameters have to be evaluated. To that purpose, softwares to 
extract the roughness parameters from the surface have been used. The 3D roughness parameters 
were evaluated in the Mountains Map software and the 2D roughness parameters were evaluated in 
the Omnisurf software. 
 
These following tables have been obtained: 
 

 
 

fig.3.3: 2D roughness parameters 
 

 
 

fig.3.4: 3D bearing area parameters 
 

 
 

fig.3.5: 3D roughness parameters 
 
You can see that the liner 4 has the finest quality of surface (Ra), the smoothest plateaus (Rk) and a 
lot of valleys (Rvk) for the oil retention. Opposed to the liner 4, the liner 7 has the worst quality of 
surface and of plateaus. These results in 2D are confirmed by the 3D parameters. 
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After made the measurements, the oil flow and the shear stress have been calculated. To calculate 
and simulate the oil flow and the shear stress, an oil flow simulation program from the MIT has 
been used. 
 

3.2. MIT´s Oil flow simulation program 
 
This program runs in MATLAB and is based on the average Reynolds equation, the flow rate per 
unit and the average shear stress equation [6]. 
 

( )sqgpx Sh
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dx

dPh
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φ ++−=
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(4) 
Flow rate per unit equation 
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(5) 
Average shear stress equation 

with: 21 SqSqSq +=  

And where h is nominal oil film thickness, U is the piston sliding speed, µ is the oil dynamic 
viscosity, Sq is the composite standard deviation of roughness of the two surfaces, dP/dx is the 
pressure gradient in the flow direction. 
They introduced factors to simulate the roughness of the surface: 
 

- ɸp and ɸs are the pressure and shear flow factors 

- ɸfp and ɸfs are the pressure and shear stress factors 

- ɸg and ɸfg are the geometric flow and stress factors 
 
The group of the MIT introduced these factors to modelize the roughness of the surface. To know 
more about these flow and stress factors, you can see the reference [6]. 
Actually the MIT’s software is a black box where I could just apply some inputs and obtain some 
outputs. 
 
The inputs are the SDF file of the studied surface and the following parameters obtained from the 
engine manufacturer: 
 

 
 

fig.3.6: Simulation input parameters 
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The main outputs are the oil flow, the hydrodynamic shear stress and the shear stress flow factor. 
Hence, with all of my measured surfaces, I obtained these results: 

 
 
You can see for the liner number 4, the oil flow is 
the lowest for all separations between ring and 
liner (h/Sq is the ration between the oil thickness 
film and the standard deviation of roughness) and 
the highest for the liner 7. 
It is the best surface for the lubrication, because 
the oil will stay on the surface, get a good 
lubrication between the ring and the liner and 
reduce the ring-pack friction. 
Of course, opposed to the liner 4, the liner 7 is the 
worst. 
 
 
 

       fig.3.7: Normalised Mean Oil Flow from  
      the simulation for the eleven tested liners 
 

         
     fig.3.8: Normalised Mean Hydrodynamic  fig.3.9: Shear Flow Factor from  
       Shear Stress from the simulation of       the simulation for the eleven tested liners 
          the eleven tested liners 
 
With these graphics, you can observe that the liner 4 has the highest hydrodynamic shear stress and 
shear flow factor for all separations between ring and liner (h/Sq is the ration between the oil 
thickness film and the standard deviation of roughness) and the liner 7 has the lowest. 
They suggest, it could increase the hydrodynamic load-carrying capability of the ring because if the 
hydrodynamic shear stress is high, the hydrodynamic force on the ring will be high also. Thus, we 
can increase the load-carrying capacity. From [6], if the shear flow factor of the liner is high, the oil 
film thickness is low. 
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At the end, a correlation among the machining, roughness and functional parameters has to be 
found. To that purpose, a function of MATLAB called corrcoef has been used. We wanted to 
find some correlation coefficients greater than 70%, it means the parameters will have a great 
correlation between themselves. The most interesting was to find a correlation between the base 
honing pressure (BHP) and functional and roughness parameters. As it summarized in the 
following table, some coefficient are positive and other are negative. When the coefficient is 
positive, it means that parameters will vary in the same way. If the coefficient is negative, the 
parameters will vary in the opposite way. 
 
For example: 
When the BHP will increase, the flow will increase too. 
When the BHP will increase, the shear stress will decrease. 
 
 

 
 

fig.3.10: Correlation coefficients among the machining, 
roughness and functional parameters 

 
With this work, we found a possibility to correlate the 
different parameters especially the impact of the 
variation of the base honing pressure on the roughness 
and functional parameters. 
We can use again the control loop to show the different 
links. 
The manufacturing part, Base Honing Pressure, will 
have effect on the characterization, roughness 
parameters, and on the function, functional parameters. 
 
To conclude this part, I had the opportunity to work on a hard problem which has led on an article 
presented at The Swedish Production Symposium 2007 from 28 to 30 August 2007 
(www.produktionsakademien.se). 
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4. Conclusions 
 

4.1. Project conclusions 
 
During this training period, I could work on important projects. 
For the first part of my project was very interesting because I could follow all the steps of the 
project: from the starting of the honing machine to the getting of the results. The results are also 
very interesting, because we could link the machining process with the quality of the surface and 
with the quality of the lubrication. 
For the second part of my project, I worked on a very specialized part of the tribology. I could learn 
how to use and use different interesting measurement machines like the interferometer and the 
profilometer. Interesting results have been found: links and correlations between the machining 
parameters and their impacts on the roughness and functional parameters. Consequently, correlation 
between machining parameters and the quality of surface has been found. 
With this part of my project, I also could participate for a scientific article which will be presented 
at The Swedish Production Symposium 2007 from 28 to 30 August 2007 
(www.produktionsakademien.se). 
During this training period, I have been confronted to the complexity of the research: analyze 
different results thanks to the parameters obtained by measuring, hence obtain interesting 
conclusions. 
 
For a future study, it could be interesting to mix the two parts of my project: to use the MIT 
simulation program to analyze the ship surface samples. 
 

4.2. Personal conclusions 
 
From a personal point of view, this training period abroad was amazing. 
Firstly, during this training period, I could increase my level in english. Now I can hold a normal 
and technical conversation in english. During these five months, it was also very interesting to 
discover a new culture, a new language and a new type of life not so far from France but with so 
many differences. 
Then, it was also very interesting and very rewarding to live everyday with a lot of different people 
coming from countries all around the world. I could open my mind to different kind of life’s style 
and learn also a lot about myself across all of these friends that I met during five months. 
To conclude, I recommend to every body to spend a part of their studies abroad. I will never forget 
these last five months. 
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