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Abstract 
 
The Technology Division within Volvo CE is responsible, among other things, for the design and 
specifications of components for the transmissions and axles that form the basis of the 
construction machinery including wheel-loaders and articulated haulers. Within the 
transmissions, the clutch systems and transmission fluids are extremely vital components and 
especially wet clutches have very high demands placed on them in comparison to similar 
equipment in trucks, busses and passenger cars. To assess the viability of wet clutches, there are a 
number of factors to be investigated such as torque transfer capacity, friction levels in 
conjunction with specific lubricants and limits for wear of the material after a given number of 
engagement cycles. 

However current tests are both time-consuming and require relatively large amounts of fluid 
and material. 

In this thesis, the aim was to design and manufacture a test-rig adapter in such a way so as to 
allow easy, quick and online measurements of friction values throughout a test run including 
break-away friction values if possible. The information from the tests is also useful when writing 
control algorithms for the clutch control software. 

The rig adapter was designed by considering the industrial application. The standard operating 
conditions such as pressure, outer to inner diameter ratio of the friction material, power and 
energy values that are commonly used in automotive industry are taken into account. 

The trial test results have shown that the frictional results obtained from the test rig are 
realistic although it is unstable. It was also observed that due to the torque limit of the test-rig, the 
maximum load that can be applied is 2 kN. 

In conclusion, a test assembly has been developed for quick and cost efficient tests of wet 
clutches and lubricants. Further testing and development is, however, required to optimise the 
performance of the test rig. 
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1  Introduction 
This section present a background to wet clutches, tribology and how why tribology is so 
important in wet clutch applications. 

1.1  Wet clutches 
A clutch is a machine component used to transfer torque in machinery. The clutch does not 
transfer torque when disengaged but when there is engagement; torque is transferred by the 
frictional forces in the sliding interfaces in the clutch. The clutch can, therefore, transfer torque 
between the input shaft and output shaft of the clutch. In respect to clutch performance, the 
frictional behaviour of clutch has great importance. 

Regarding the working conditions, a clutch can be divided into dry and wet clutches. Dry 
clutches works in air and wet clutches works under lubricated conditions. A wet clutch is 
preferable when high slippage over a long period occurs since the lubricant where the clutch is 
immersed cools the clutch. The friction coefficient of a wet clutch is lower than the dry clutch so 
a wet clutch is often founded with several clutch discs as shown in Figure 1.1.  

 

 

Figure 1.1. Wet Clutch configuration[1]. 

 

There are two kinds of discs called friction discs which are made of a steel core discs with a 
friction material attached on both sides and separator discs which are made of plain steel shown 
in Figure 1.2. The friction discs are attached to one shaft by splines and similarly the separator 
discs are connected to other shaft. When disengaged, the clutch transmits only a small drag 
torque due to viscous friction and thus both axels are free to rotate independently. When the 
clutch is engaged a normal force is applied by the hydraulic cylinder in Figure 1.1 or from 
various actuators in different clutch application such as mechanical or electromechanical 
actuators, the friction and separator discs are clamped together and thus torque is transferred 
between the input and output shafts [2,3].  
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Figure 1.2. Steel disc and friction disc [2]. 

Applications 
Wet clutches are widely used in machines and in vehicle drive-trains to transmit torque. In the 
drive-trains of vehicles, the frictional behaviour of wet clutches greatly affects the overall 
behaviour of the vehicle. So while designing wet clutch systems, it should be studied in depth. 
Wet clutches are also used in Automatic Transmissions (ATs) to shift gear ratios in the 
transmission. The difference in rotational speed between the discs is normally quite high during 
the engagement of an AT clutch, thus the clutch is working during almost whole engagement in 
full film lubrication. 

In motorcycles, wet clutches are mostly used where engine, clutch and transmission are built 
together as one complete unit that gives a more compact engine-drive train and the working 
condition of a motorcycle clutch is similar to a clutch in an AT. When there is full engagement, 
the time of engagement is short and there is no slippage. Besides that in motorcycle, the wet 
clutch is controlled by driver directly with a mechanical or hydraulic system instead of an 
automatic control system [3].  

1.2 Tribology in wet clutches 
Tribology is the science and technology of interacting surfaces in relative motion and it includes 
the study and application of the principles of friction, lubrication and wear. In most applications, 
the purpose of tribological research is to reduce friction, however for some applications, it is 
intended to have an enhanced friction since high and well-defined level of friction is needed in 
for example clutch applications [2]. 

In wet clutch applications, the friction characteristics are important to be controlled at low 
speed. To understand how the three different transmission fluids with identical friction materials 
affect the frictional characteristics are presented in Figure 1.3. The μ-v relationship is important 
to prevent the occurrence of vibrations. The dynamic coefficient of friction (μd) should increase 
with the sliding velocity increases and the static coefficient of  friction (μs) should be low. With 
the positive behaviour, Oil A shows a characteristic to keep the vibration low which is the desired 
condition, anti-shudder performance, while oil B and C has a characteristic in negative direction 
which may lead to occurrence of shudder in clutch applications [4]. 
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Figure 1.3. Schematic μ-v relationships for three different fluids. 

 
 
 
Clutch temperature 
In terms of operating life of the clutch and fluid, the clutch temperature has great importance 
since it has a direct effect on friction characteristic. The rotational velocity and transferred torque 
affects directly the working temperature and how well the clutch dissipates heat. 
 
Fluid formulation 
The lubricants include base oils and a number of additives. The lubricant formulation affects the 
friction performance, shear and oxidation stability, anti-wear performance and corrosion 
resistance.  The concentration and the balance between each additive is important while 
formulating the lubricants described in [4]. 
 
Friction material 
The friction materials such as paper, sintered bronze, steel, carbon fibre, cork, asbestos, and 
aramid fibres is used in the clutch and has a great effect on the friction characteristics. 
Paper based friction materials are commonly used since they are good under low load conditions 
and are cost efficient [5]. Sintered bronze and sintered brass friction materials are good in high 
temperature operations since they are good thermal conductors to decrease the clutch operating 
temperature[6].Carbon fibre is recently used since it is heat resistant with good friction behaviour 
despite of their high cost, described in [7]. 

1.3 Wet clutch test rigs 
The test rigs are used to test friction discs under similar working conditions to an actual 
application with a view to investigate the frictional behaviour of wet clutches. Some of the test 
rigs are listed below.   
 
SAE II test rig (flywheel retardation) 
The flywheel accelerates up to 3600 rpm and then clutch is fully packed to brake to stand still and 
waits for 4s then the cycle repeats for several times in a minute and the full test goes for up to 100 
hours to investigate the durability of the fluid [7]. On the other hand, the breakaway friction and 

 3  



the friction coefficient can also be investigated in low speeds with 0.72 to 4.37 rpm after some 
seconds of continuous slip [4]. 

 

Figure 1.4. Schematic view of the SAE II test rig. The different parts of the test rig are 1. 
flywheel, 2. AC electric motor, 3. clutch, 4.fixed frame, 5. torque transducer, 6.hydraulic pump 

7.filter, 8. cooling heat exchanger, 9.gear, 10.axial piston 

Pin on disc test rig 
Pin on disc test rig is built to have a simpler and more general method to investigate the friction 
characteristic of a wet clutch material shown in Figure 1.5 [7]. 
 

 

Figure 1.5. Schematic view of pin on disc test rig 

Limited Slip (LS) clutch test rig 
The principal of LS clutch test rig is to achieve high accuracy in low sliding velocities and to 
apply higher normal loads on the clutch described in [2]. With the variation of the rotational 
speed and axial force independently, the transferred torque can be investigated during the 
engagement.    
 
Wet Clutch Test Bench 
The test bench is aimed to control the pressure applied to the clutch and measure load, pressure, 
temperature and wear of a clutch [8]. 
 
Low Velocity Friction Apparatus (LVFA) 
The LVFA has been used since the 1960’s and has been working well with low speeds to 
investigate the μ-v characteristic. Also, there have been modified versions of the LVFA such as 
the Variable Speed Friction Tester (VSFT) [9] and μ-v Tester [10,11]. 
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2 Objectives 
This project involves the design and manufacturing of a test-rig adapter to be mounted on a TE92 
rotary tribometer located at Tribolab at Luleå University of Technology, Sweden.  This will take 
the form of a scaled down clutch plate contact. The aim is to design it in such a way so as to 
allow easy, quick and online measurements of friction values throughout a test run, including the 
“break-away” friction values if possible. The contact between the two surfaces should be such 
that misalignment is avoided. The top surface should lie perfectly flat against the bottom surface 
to ensure that relevant measures can be carried out. Besides this, the information obtained from 
these tests is also useful to write control algorithms for the clutch control software. Certain 
materials and baseline data will be supplied by Volvo CE. 

This project is important since the available test rigs today are time consuming and require 
relatively large amount of material and fluid to investigate the functionality of clutch materials 
with different materials. 

 5  



3 Test equipment 
In this project, the test adapter is designed to be mounted on a TE 92 HS Rotary tribometer by 
Phoenix Tribology. The tribometer is a versatile tribological test machine suitable for R&D of 
lubricants and materials. The various attachments enables many contact geometries such as 
sliding and rolling four ball tests, thrust washer, multiple or single pin on a disk and taper roller 
bearing shear test, several related to international standarts e.g ASTM D4172 wear preventive 
characteristics of lubricants and IP300 rolling contact fatigue test for fluids. Different 
applications on the TE 92 rotary tribometer can be seen in Figure 3.1. 
 

Figure 3.1. Different test setups for rotary tribometer 

The TE92 rotary tribometer features: 
 Pneumatic load cells for low and high load 
 Low and high speed assembly 
 Measurement of applied load and friction 
 Electrical resistance heater 
 Thermocouples 
 Piezo-electric sensor for vibration detection 

 
 
Technical Specifications  

Load Range 20N – 1000 N, 200N – 10000 N 

Rotational Speed 60 – 3000, 100 – 10000 rpm 

Standard Heater Temperature Range Ambient to 200C 

Friction Torque Maximum 20 Nm 
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4 Conceptual design 
In this part of the project, the aim was to create the most appropriate design concept. For this 
purpose, the rig-adapter is divided into its functional parts which are further discussed in order to 
obtain the best solution(s) alternatives. In the following sections of this report, each concept is to 
be explained and evaluated. 

4.1 Concept generation  
For the concept development and presentation part of the project, the rig-adapter is split into two 
parts which can be evaluated individually. The two parts are the bottom and top mountings. To 
understand the concepts better, the tribometer should be analyzed in detail first. 

 

Fig.4.1 Test set-up of the TE92 rotary tribometer 

4.1.1 Top mounting concepts 
Four different concepts are developed that will satisfy the required properties. 

4.1.1.1 Concept I 
In this concept, the upper mounting is assembled with a pin to the tribometer spindle. The upper 
friction disc is mounted using splines which work as a lock system commonly used in wet clutch 
applications. To keep the friction disc in vertical position a magnetic disc is used in between the 
disc and backing plate. The backing plate is designed to be thick to increase the heat dissipation 
due to the temperature increase during the test and to stand the pressure during the test applied by 
the pneumatic bellow which is seen in Figure 4.1. However, considering the durability of this 
concept, it is quite probable that some damage may occur resulting in failure due to magnets 
operating at high temperatures for a long time. Furthermore, in this type of test the surface finish 
is important to have good result since the pressure distribution should be uniform on the contact 
surface between friction disc and steel disc.  Heat treated steel is used on upper mounting to 
control the wear of the splines. 
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Figure 4.2. The Isometric and bottom view of Concept I 

4.1.1.2 Concept II 
In the second concept the usage of pin and backing steel plate are similar. The locking of the 
friction disc in the rotational direction is also done by splines but instead of a magnetic ring, to 
keep friction plate in vertical direction, a ‘CD box’-type locking system is to be used by 
manufacturing the backing plate with four extra one side open locks. They are also thought to be 
manufactured from high strength material since the mountings will be produced once but the test 
material will be changed in each test. Although it sounds like a better in long term usage, the 
manufacturing will be costly since having tighter tolerances in those small parts are hard to 
achieve. 
 

 

Figure 4.3. The isometric and bottom view of concept II 

4.1.1.3 Concept III 
In the third concept design for the upper mounting, the usage of pin and backing steel plate is also 
same. In addition, a different method is investigated by using the lubricating oils viscous 
resistance to hold the friction disc in vertical direction which works well for the time needed 
instead of using any external mechanism. 
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Figure 4.4. The isometric and bottom view of concept III 

4.1.1.4 Concept IV 
In the final concept design for the upper mounting, the usage of pin and backing steel plate is 
same. A simpler method is used instead of splines to lock the friction disc in the rotational 
direction by manufacturing two guides.  In order to hold the friction disc in the vertical direction 
the lubricating oils viscous resistance is used.  
 

 

Figure 4.5. The isometric and bottom view of concept IV 

4.1.2 Bottom mounting concepts 
There are four different concepts developed for the bottom mounting. 

4.1.2.1 Concept I 
With the first concept, the mounting is designed in two pieces where the steel disc can be placed 
on the top part of it. The lower piece is screwed to the oil bath in the centre of the block. Besides 
that four slots and four springs are used. The principal idea here is to obtain a self-aligning 
system since a small amount of change in contact angle between friction and steel disc may lead 
to an unevenly distributed pressure. Furthermore, instead of using steel disc in conventional 
shape shown in Figure 1.2, a thicker square steel block is used. The purpose of using a thicker 
block is to increase the heat dissipation, and the square shape is to lock the rotational torque due 
to the nature of the process since steel plate is supposed to be stationary during the test. However, 
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it will be costly since in every experiment, the steel plate is supposed to be replaced. And 
although it is easy to manufacture, there are too many parts to be controlled during the tests. 

 

Figure 4.6. The isometric and top view of concept I 

4.1.2.2 Concept II 
The second concept is designed to have a more commercial sample. The steel plate is still thicker 
to increase the heat dissipation as in the first concept but this time it has a circular shape in outer 
diameter and splines are used to keep it locked in the rotational direction. There are three pairs of 
slots and springs instead of four in concept I with 120° in between. However, the manufacturing 
would be costly and it has the same problem since there are too many parts to control as in the 
previous concept.   

 

Figure 4.7. The isometric and top view of concept II 
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4.1.2.3 Concept III 
In the third concept, there is only one backing piece to place the steel plate in. The mounting is 
fastened to the oil bath by a screw in the centre like in the previous concepts. The same spline 
shape is used to keep rotational motion fixed. The idea of using one piece is to control the system 
easier and with tight manufacturing tolerances, the system will not have any alignment problems. 
By using a thinner steel disc, the cost is decreased and the heat dissipation is done by using a 
thicker backing mounting. 

 

Figure 4.8. The isometric and top view of concept III 

4.1.2.4 Concept IV 
In the final concept, there is also one backing steel base used. The mounting is fastened to the oil 
bath with two screws placed in equidistance from the centre point. The steel plate is also placed 
on the same screws which work as a guide. The screws are used to keep the rotational motion 
fixed. The idea of using one piece is the same as for the third concept to control the system easier 
with tight manufacturing tolerances and the system will not have any problems with alignment. 

  

 Figure 4.9. The isometric and top view of concept IV 
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5 Concept selection 
Evaluation of the concepts is considered based on different criteria. Below, the criteria are 
explained and then concepts are evaluated according to these criteria. 

5.1 Size 
Since the device is proposed to be used in a limited space, it should not be an obstacle for oil 
circulation. Since the oil circulation is crucial in wet clutch applications for cooling purposes.  

5.2 Strength 
Since the axial force applied by the pneumatic bellow it creates a shear force on the pin holding 
the upper mounting and the friction material holding structure that may cause strength problems. 
Therefore the materials that are used for holding the upper mounting and clutch material should 
be capable of withstanding those shear forces. 

5.3 Easy Mounting 
The set up may need to be assembled and removed at any time during the test so it should consist 
of a simple structure. 

5.4 Manufacturability 
This is another very important and crucial criterion in selecting the best concept. The ease of 
manufacturing is a major advantage. The degree of tolerances, precision and the manufacturing 
technique directly affects the cost, time consumption and quality of the design 

5.5 Durability  
The test process is continuous and the rig may run for long duration so the system should be 
durable. Therefore; durability is also another important parameter. 

5.6 Simplicity 
Concepts that are simpler are preferable over the complex ones in terms of test-rig design. The 
design also aims at a simple device so that the risk of mistakes in assembling and removing the 
test pieces that can be made by the operator can be reduced. Therefore, this parameter is also a 
major one. 

5.7 Cost 
Assuming that the selected concept will be manufactured with the required quality, cost alone 
may be the most important parameter of selection in terms of manufacturability. Every criterion 
is related with this parameter, explicitly or implicitly. 

5.8 Best concept selection 
As the metrics for test-rig mountings are given, these are also evaluated with respect to each other 
in the importance of the design and the alternative concepts are compared according to these 
metrics as can be seen in Table 5.1, 
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5.8.1 Best concept selection for top mounting 
As can be seen from Table 5.1, the comparison of these concepts revealed that concept IV for top 
mounting is more suitable for the design with respect to the other alternatives. And the backing 
material is chosen as heat treated steel to have a higher strength material compared to the friction 
material. The reason is to prevent possible wear problems. 
 

Table 5.1 Pugh’s Concept Selection Chart for Top Mounting 

Metrics for interface Weight 

Concept 

I 

Concept 

II 

Concept 

III 

Concept 

IV 

Manufacturability 9 7 5 7 9 

Strength 10 9 9 9 8 

Simplicity 9 7 4 6 9 

Durability 9 7 8 7 7 

Cost 7 6 4 7 9 

Easy Mounting 6 6 6 6 8 

TOTAL  
357 307 355 416 

 

5.8.2 Best concept selection for bottom mounting 
As it is done for the previous sections, the metrics for bottom mounting are discussed and the 
comparison is tabulated in the table 5.2 below; 
 

Table 5.2 Pugh’s Concept Selection Chart for Bottom Mounting 

Metrics for interface Weight 

Concept 

I 

Concept 

II 

Concept 

III 

Concept 

IV 

Size 7 7 7 5 8 

Manufacturability 9 6 4 5 8 

Strength 10 5 5 8 7 

Simplicity 9 4 5 7 6 

Durability 9 5 5 7 8 

Cost 7 5 3 5 7 

Easy Mounting 7 4 5 9 7 

TOTAL  
298 282 397 429 
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As a result, the comparison of the alternative concepts for interface concluded that Concept IV 
is the most appropriate alternative for the bottom mounting. 

Finally; as can be seen from Tables 5.1 and 5.2; 
- Best top-mounting concept is chosen as concept IV. 

- Best bottom-mounting concept is also chosen as concept IV. 

Considering the evaluation of these subsystems, it would be useful to explain the whole 
system in a more integrated manner. The axial force is applied by the pneumatic piston in +z 
direction during the test. Then the spindle starts to rotate when the friction material and steel 
material meets. The steel material placed in the bottom mounting and is fixed in rotational 
direction while the friction material starts to rotate and apply torque. 

6 Detailed design 
This section describes the detailed design stages including the engineering calculations. 

6.1 Background 
Detailed design is the further discussion of the system that has been specified with the best 
concept evaluation in the conceptual design. First, the desired operating specifications (based on 
the values taken from industry) of the test-rig are explained and the important aspects of the 
operating parameters are highlighted. Then the calculations and result of the analysis is given in 
detail. Finally, the last evaluation of the mechanism is discussed and the technical drawings are 
prepared for the manufacturing processes.  

6.2 Operating specifications 
The test-rig mounting is designed based on values provided by Volvo CE. Since the test-rig will 
be used to simulate the real application, the operating values in wet clutches are taken into 
consideration such as do/di-value(which is known as the friction material outer and inner 
diameter ratio), the contact pressures and the energy and power limits during synchronization. 
However, it was not possible to test the real size of wet clutches since one need to take into 
account the size of test-rig.  

6.3 Engineering calculations 
In the first step of the design, do/di-value was decided as 70 mm/55 mm to fulfil the do/di (Outer / 
Inner diameter) ratio which vary between 1.2 – 1.3 in real applications. Based on this the ratio 
will be 
 
do / di = 70 / 55 =1.273 
 
Once the diameter ratios are decided, the contact pressures are adapted to the values used in wet 
clutch applications given which ranges from 1.4 to 4.5 MPa. 
 
P = F / A   
 
where the F is the applied axial force and A is the area of friction material. 
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A=π*( do2 – di2)/4        =>   A=1472.6 mm2 
 
So to meet the pressure limits the applied force should be in between 2 kN to 6.6 kN which is 
shown in Figure 6.1, 
 

 

Figure 6.1. The Pressure vs Force diagram to be applied  

 

The second step is to decide the operating angular velocity to meet the power value (P ~1450 
kW/m2) which is chosen keeping view the limit of what the friction material can withstand. 
Therefore, the calculation of power is shown below; 

Power  = T(torque) x w (angular velocity) 
 

 T = Ff x d/2  
 

 Ff  = Faxial * μ (friction coefficient) 
 
When Faxial varies between 2kN ~ 6.6kN as it is mentioned in Figure 6.1 and μ is taken as 0.13 in 
average wet clutch application between steel surfaces with ATF (Automatic Transmission Fluid). 
Then, 

Ff varies 0.26 kN ~ 0.86 kN, 

Then Torque   varies 8.1 Nm  ~ 26.9 Nm, 

 
Power per friction area is chosen as 1450 kW/m2, so Power = Power per area*Area , where Area 
is calculated as A=1472.6 mm2 
 
Power = 1450( kW/ m2)* 1472.6 (mm2)  =2135.3 W (Power needed) 
 
The angular velocity varies due to torque value calculated above between 263.6 rad/s and 79.4 
rad/s. 
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V (rpm) = w (rad/s) * 60/ (2π) 
 
Then V (the operational velocity) varies between 2517 rpm to 758 rpm to meet the power limits.  
 

 

Figure 6.2. The Rotating velocity (rpm) vs Force (kN) diagram to be applied  

6.3.1 Strength analysis 
The strength analysis is one of the most crucial parts of this particular project since the 
mechanism is a force based type. In addition, during the tests in future, to prevent the wear 
problems the mounting material is decided to be used as hardened steel which has a higher yield 
strength compared to friction and steel discs. 

In order to start with this analysis, the highest applicable torque case in tests which is 20Nm 
should be examined. In that case, the critical parts that carry the load in upper and lower 
mountings will be analyzed. A schematic explanation about the forces and their directions is 
given below.  

6.3.1.1 Strength analysis for upper mounting 

In this section strength analysis for upper mounting is done.  

The upper mounting is designed in a way that the spindle will carry the load, applied axially in 
vertical direction and the upper pin is only used to hold the upper mounting in its position due to 
the nature of the mechanism.  

Therefore, the strength analysis is only applied on the small pins under the upper mounting 
where a friction force occurs in transverse direction during the rotational motion. 

For max torque case; 
 

T = 2 * F1(max) * r1 (moment arm from pin centre to mounting centre) 
 

20Nm = 2 * F1(max) *  0,016 m 
 

F1(max) = 625 N 
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And on each pin, the shear force is 625 N. Then the shear stress on the pin is calculated below as; 
 

τ max = F1(max) / Apin        where Apin  = pi() * (4mm)2 
 

τ max = 12.4 MPa    
 

To calculate the design factor, the maximum shear stress theorem (MSST) is used. 
 

nMSST =      where Sy is Yield Shear Stress of material. 

 
Inserting the values as yield strength of steel 220 MPa and the value for the shear stress: 
 

nMSST = 8.87 
 
The safety factor is found out to be more than unity as it should be and the value found for the 
safety factor is quiet reasonable. 

6.3.1.2 Strength analysis for lower mounting 

In this section strength analysis for lower mounting is done.  

The lower mounting is designed to lock the rotational motion by using 2 screwed-pins. And 
the screwed pins are critical pieces to check if there is yielding. The calculations are the same as 
above for upper mounting pins. 

 
T = 2* F2(max)* r2 (moment arm from pin centre to disc centre) 
 
20Nm = 2 * F2(max) *  0,045 m 

 
F2(max) = 222 N 
  

And on each pin, the shear force is 222 N. Then the shear stress on the pin is calculated same as 
above; 
 

τ max = F2(max) / Apin        where Apin  = pi() * (5mm)2 
 

τ max = 2,83 MPa    
 
To calculate the design factor, the maximum shear stress theorem (MSST) is used. 
 

nMSST =      where Sy is Yield Shear Stress of material. 

 
Inserting the values as yield strength of steel 220 MPa and the value for the shear stress: 
 

nMSST = 38.8 
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The safety factor is found out to be more than unity as it should be and the value found for the 
safety factor is also reasonable. 
 
 

7 Manufacturing and assembling 
The manufacturing and assembling procedures for the different parts of the clutch test rig adaptor 
is described in this section. 

7.1 Manufacturing process 
Once the design parts have been decided after the meeting at Volvo CE, the test adaptor is 
decided to be manufactured in a machine shop at Lulea University of Technology. The upper test 
mounting is fixed to the rig spindle by using pin. The friction disc is placed on that part which is 
also a rotating element. And the lower mounting is stationary and screwed to the oil bath that has 
already been manufactured for previous projects. In addition to that the friction disc was ordered 
from a commercial supplier. Due to a mistake in production of the friction discs, a backing plate 
with holes had to be glued on to the friction discs as shown in Figure 7.1. 

                                           

Figure 7.1. Backing plate to be glued on friction disc. 

7.2 Assembly process  

7.2.1 The oil circulation channels  
Due to the centrifugal effect during tests, the oil escapes to the walls of oil bath so the oil 
concentration in the friction area is getting inadequate. Then heat and wear start to increase. To 
overcome the problem the oil channels are drilled and the oil gathered on the wall is pumped 
back inside of lower mounting so pumped oil goes through the friction area which keeps the 
adequate amount of oil concentration. However, if a too high oil flow is used the oil starts to 
build up a pressure which directly reduces the applied torque and the coefficient of friction due to 
full film lubrication. 
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Figure 7.2. Oil circulation added assembly 

7.2.2 Chamfer on the mounting of the friction discs 
Due to the oscillation in the results, the alignment of the friction and steel discs were 
investigated. It was however discovered that there is a radius left around the pins on the upper 
mounting due to the manufacturing. This results in inadequate support for the friction disc since it 
is resting on the radii. To solve the problem, a 45 degree chamfer was provided on the friction 
disc holes.  
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8 Results and Discussion 
The following data is obtained during the trial tests. During the tests a ATF (Auto Transmission 
Fluid) is used as a lubricant and the friction characteristic is studied by calculating the friction 
coefficient in different ways such as by applying different loads in the same rotational speed and 
checked repeatability of measurements and finally speed ramp tests which were carried out by 
increasing the rotational speed during the test. 

8.1 Friction characteristics 
In the first set of tests, the friction characteristic is examined at a constant speed of 100 rpm by 
applying different loads such as 0.5 kN and 1 kN. Figure 8.1 shows the frictional behavior at 
different loads.  

 

 

Figure 8.1. Friction characteristic at 100 rpm rotational speed 

It was also interesting to see how the increased rotational speed would affect the data results. 
Therefore under the same load the speed was increased to 300 rpm. Figure 8.2 shows how the 
results changes with higher speed. As can be observed, the fluctuation is increased.  
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Figure 8.2. Friction characteristic at 300 rpm rotational speed 

8.2 Repeatability of friction measurements 
The repeatability of tests is examined during the second set of measurements. The tests have been 
carried out in two cases by using 0.5 kN and 1 kN with a speed of 100 rpm. The first case is 
shown in Figure 8.3 which shows three repeat tests with the same load and speed of 0.5 kN and 
100 rpm.  
 

 

Figure 8.3. Friction characteristics at 0.5kN and 100 rpm. 

In the second set of repeatability tests, the load is increased to 1 kN and the speed kept same as 
100 rpm. Figure 8.4 shows how the increased load affects the results. It is clear in that the 
fluctuations are increased compared to Figure 8.3. 
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Figure 8.4. Friction characteristics at 1 kN and 100 rpm. 

8.3 Speed ramp tests 
During the third set of tests, a speed ramp is studied by increasing the rotational velocity from 0 
to 300 rpm to see how the friction characteristic is affected for two different load cases. Figure 
8.5 shows how the friction coefficient varies during the test.  
 

 

Figure 8.5. Friction characteristics during a speed ramp 0-300 rpm 
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8.4 Oil circulated test 
During the previous tests the oil circulation was not used. To see how the oil circulation affects 
the results there were a number of tests done by applying different loads.  
 

 
Figure 8.6. Friction characteristic at 100 rpm with oil circulation 

 
Observations during the trial tests 
As can be seen from the Figures in the results section, the friction characteristics are unstable and 
fluctuating. A possible explanation for this is alignment problems introduced when gluing the 
friction disc on to the backing plate. On the other hand, the friction level is realistic for a wet 
clutch application indicating that the test configuration is working although some adjustments are 
required to avoid the fluctuations. 

Another thing observed during the tests is that the fluctuations increase when applying higher 
loads as shown in Figures 8.1, 8.2 and 8.5. 

Due to the torque limitation of the test rig, the maximum normal load that can be applied is 2 
kN to overcome the breakaway friction, or else the motion in rotational direction does not start 
due to high applied load. 

When using the oil recirculation a very low friction was observed and this is probably caused 
by full film lubrication when the oil is pressed through the clutch interface 
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9 Conclusions 
A wet clutch test assembly for quick and easy tribological tests has been developed and 
manufactured during this M.Sc. thesis project. The salient conclusions based on this work are: 
 
 A fully functional wet clutch test assembly has been developed and implemented on a TE92 

rotary tribometer 
 
 The new test assembly enables quick and cost-efficient studies to be carried out pertaining to 

friction materials, lubricants and operating conditions 
 
 The initial test results have shown that the friction levels obtained are realistic and similar to 

earlier findings in literature 
 
  Further testing and optimization is required to utilize the full potential of the test method  
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Future work 
Further improvement should be done to optimize the test assembly. Some suggestions for future 
work are: 
 
 Increase the gear ratio of rotary tribometer to increase output torque: 

The tribometer has a 20 Nm torque limit now and it has to be improved by changing the gears 
to obtained higher torque values. 

 
 New friction discs to avoid misalignments due to gluing: 

Due to the glued friction discs, there have been some modifications done to avoid the 
incorrect alignment. To avoid problems stem from gluing, new friction discs should be 
ordered for future tests. 

 
 There is also a possibility to use a different design of the friction disc to better suit the 

operating condition of the test rig. 
 
 Improved control in low speed range for accurate break away friction measurements: 

The lowest controllable speed is 60 rpm with tribometer and which is not enough to enable 
measurement of the breakaway friction, so there should be improved control in the low speed 
range. 
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