Effects of Lubrication on the Wear Parameters of Metals
Using Pin-On-Disk Test Rig
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ABSTRACT

Friction and wear control ir of movable—machines-—parts in_machines remains a critical
challenge in the industry. A Determination of a measure to control this often involves testing
both the material and the lubricant—tests. A wear-—test experiments using pin-on-disk
apparatus to determine the wear pattern on a sample of aluminium and copper materials
lubricated with vegetable oil of palm kernel origin—was is_presented_in this paper. Wear
parameters whieh_that include frictional coefficient, wear rate, and heat generation
(temperature) were are evaluated alongside thermal stress-strains on the disk_(which disk?).
Results showed that under the same conditions, the coefficient of friction reduces with the
application of lubricant up to 84% and 7% for aluminium and copper, respectively.-urder-the
same-condition. The wear pattern for both materials when lubricated arewere evaluated and
compared with dry condition to establish a relationships that exists.
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1. INTRODUCTION

Research to predict effect of friction wear and friction
reduction has intensified. The use of lubricants to overcome
friction has been established, with unconventional options
including acoustic lubrication which uses sound as a
lubricant [1].

This happens between two plates or between a series
of particles. The frequency of sound required inducing
optimal vibration, and thus cause sonic lubrication, varies
with the size of the particles. This is beyond the use of
turbulent fluids or powdery solids such as graphite and talc.

[2] Stated that friction as a first approximation of two
kinds: interfacial and bulk (ploughing). As frictional work
causes the damage and the subsequent wear, this is a
potentially useful means of classifying the wear as
‘cohesive’ and “interfacial’ in its nature. The stress-strain on
the disk was simulated as a function of the coefficient of
friction, average speed even the wear condition

The impacts of lubricant on wear pattern have been
determined with different organic compounds. In this work, it
was desired to determine the effect of the vegetable base oil
lubricant on metals. Unlike, [3] tried to determine the friction
and wear performance of different DLC coatings in aqueous
conditions.

However, lubricating oil is still widely used to avoid
excessive friction without any competing substitute in some
applications. High boiling point, low freezing point, high
viscosity index, thermal stability, corrosion prevention as
well as high resistance to oxidation. The analysis reveals
how much lower or higher coefficient of friction for lubricant
when used with different materials.

Finally, interface mechanisms of the lubricant are yet to
be tested and studied. It is vital to measure, understand,
and to control lubricant as well as behaviour over time. Also,
fluid friction analysis has to be determined.

2. LITERATURE REVIEW

Several studies are conducted to improve lubricant
as a means of friction reduction especially on contacting
(sliding) surfaces with varying loads and speed. There was
much literature published on the topic of the wear, and
tribology, of elastomers. The book by [4] was a useful
survey and the recent books by Zhang [5,6] are very
comprehensive. There has also been recent and innovative
work on the fundamental basis of the wear processes. The
basic idea was that certain polymers, under the action of
interface shear gradients, would produce reoriented
interface zones and indeed transferred layers [7].

[8] Studied the wear (adhesion wear) rate for different
materials (steel, aluminium and brass) under the effect of
sliding speed, time and different loads, using the pin-on-disk
apparatus. The experiment had been performed on a group

of specimens under different cases of times (5 to 30
minutes), under different loads (0.5 to 2kg), and different
speeds (2.5 to 9m/sec). Results showed that the rate of
adhesion wear will be directly proportional to (time, sliding
speed and load) for steel, aluminium and brass.

[9]For example, the wear rate can be extremely high if
contact pressure is slightly raised, and low friction is not
necessarily associated with low wear rate. Although virgin
polymers have shown excellent tribological properties in
some very uneconomical cases they are rarely used as
monolithic one-phase materials.

[10]studied the coefficient of friction and wear on Al-Li alloys
reinforced with 10 wt% SiCp (13 and 30um) using scratch
testing at a room temperature and 200°C at a scratch
speed of 6 mm and a load range of 1-20 N. Scratch tests
were performed at both room temperature and 200°C using
a scratch speed of 6 mm so’ and a load range of 1-20 N, A
diamond pyramidal indenter with an apex angle of 136°
were used. Friction coefficient for the composite containing
30pum SiCp was found to be independent of load but the
coefficient of friction for the 13 um reinforced material
increased with the applied load.

Lubricants of petroleum or synthetic base oil have gained
wide acceptance over the years. Research has shown that
the free fatty acids which are active as friction modifiers can
be obtained by hydrolysis of the vegetable oil [11]. Among
the good candidate is the vegetable oil of palm kernel origin
which is fairly cheap, readily available and biodegradable.
Comparatively it is a healthier option compared to mineral
oils with absence of polycyclic aromatics (PCAs) which are
present in mineral oils and posing a high risk to human
health, particularly in circumstances where skin contact with
oil is involved.

3. EXPERIMENTAL METHOD

[12] Noted ASME G99 Standard test method as
classical method commonly used for wear test experiments
for a pin-on-disk apparatus. The dry sand rubber wheel
abrasion test setup was used to conduct the wear studies.
The abrasives are introduced between the test specimen
and the rotating wheel. The test specimen was pressed
against the rotating wheel at a specified force by means of
lever arm; while controlling flow of grits abrades the test
surface. The wheel rotation was done such that its contact
face moves in the direction of grit flow. The pivot axis of the
lever arm lies within a plane, which is approximately
tangential to the rubber wheel surface and normal to the
horizontal diameter along which the load is applied. The
tests were carried out for different loads, number of
revolutions, speeds, time as well as sliding distances.

Prior to testing, measurement or weighing of the
samples were done. The specimens were cleaned and



dried, all dirt and foreign matter were removed from the
specimens with non chlorinated, non-film-forming cleaning
agents and solvents. The specimen holder is where the
cleaned, weighed and measured specimen was mounted on
the rig. The specimen holder is a vertical clip on top of the
disk. The holding device with the specimen was made to be
at 90° to the axis of the revolution. This is to maintain the
necessary contact conditions during the experiment. A
proper mass is added to the system lever or bale to develop
the selected force pressing the pin against the disk. This
weight helps to reduce unnecessary vibration from the
machine. The weight of the lever arm can be divided on
both side of the pin. If this is done, the pin will be acting as a
fulcrum on the disk. The motor speed is adjusted to the
desired value while holding the pin specimen out of contact
with the disk.

The free fatty acids which are active as friction
modifiers are obtained by hydrolysis of the vegetable oil.
The detergent was replaced with the potassium soap of the
base oil.

Table 1. Composition of the Vegetable base oil
Lubricant

SIN  Mixture Name Composition
(%)
1. Base oil Palm kernel oil 55
2. Emulsifier Hydrogenated 30
/Rust inhibitor  castor oil
3. Extreme Free fatty acid 15
pressure
agent
4. Coupling Glycorol 35
agent
5. Dispersants IUPAC: 2- 5.0
Methoxyethanol (
C3HsO5)
6. Water Water 2.0
7. Anti-foam Methyl silicone 0.5
agent
8. Preservative -
9. Demulsifiers Xylene

The base oils are refined palm kernel oil and unrefined palm
kernel oil. When analyzed gave acid value and free-fatty
acid value of 0.4833 and 0.02431 respectively for the
refined palm kernel oil. While the acid value and free-fatty
acid values were 0.7791 and 0.03919 respectively for the
unrefined palm kernel oil.

The current study evaluated the wear resistance
performance under the lubricant (vegetable oil of palm
kernel origin) for aluminium and copper using a pin-on-disk
experiment. Evaluation and comparison of coefficient of
friction for the metals was done and compared with a dry
condition (without lubricant application). An estimation of
stress and strains evolution with the sliding cycles for both

metals and the stress concentration on the disk were also
evaluated.

(b)

Fig. 1: Pictures of the Fabricated Pin-on-Disk
Test Rig: (a) Side View (b) Top View

The following experimental assumption were adopted in the
work

e The pinned surface is assumed to be the same. That
is, the thickness and width of the pin same

e The specimen on the disk is fixed perpendicular to
the axis of the resolution.

e |t's assumed that there is no loss of heat from the
disk to the atmosphere even absorption of heat by
the disk.

e |t's also assumed that the speed of the system does
not changed when loaded at different masses.

e The abrasives are maintained a manufacturer
specification hardness of P80.



e No unnecessary vibrations are developed on the
lever.

The expected wear is between the stationary pin surface
hold against rotating disk made up to No. 40 emery cloth
grade. The change in length of the pin after each run is
estimated to measure the volume loss during wear. Wear
results may in some cases be reported as plots of wear
volume versus sliding distance using different specimens.
Wear results are obtained by conducting a test for a
selected sliding distance and for selected values of load
and speed. The wear factor can be manipulated to
calculate the often more convenient and more physically
direct specific wear rate [13], also known as a dimensional
wear rate, according to [14] commonly measured in units
of mm*Nm. The specific wear rate is simply the wear
volume divided by the product of the normal load and the
sliding distance, equation (1). [15] Also developed the
expression for wear rate (volume of material worn) as
shown in equation (2).

Volumeloss
Wear rate = -
LoadXdistanceTravelled
(1)
KDP
W = — (2)
3H

The unit of wear rate:

mm?3
NXm

mm¥Nm =

Volume loss (mm3) is the area of the pinned side of the
specimen multiplied by change in length.

With W as wear rate, K is wear coefficient, D is sliding
distance, P is applied normal load and H is bulk hardness of
the material.

On the Pin on disk, two specimens were tested. A pin
with radius tip was positioned perpendicular to a flat circular
disk. The test machine causes either the disk or the pin
specimen to revolve about the disk centre. In either case,
the sliding path is a circle on the disk surface. The plate of
the disk may be oriented horizontally or vertically.

Table 2. Wear Test Conditions.

7 Duration of Sec 13,28,40
Rubbing
8 Wear Condition - Dry and Wet

Wear Parameters  Unit

1 Material - Aluminium and Copper

2 Load N 1,2,3N

3 Sliding Speed rom 120,129,133 rpm

4 Counterpart - 40 Mesh abrasive Sand
material paper

5 Relative Humdity % 78

6 Laboratory air °C 30

The pin specimen is pressed against the disk at a
specified load usually by means of an arm or lever and
attached weights. The wear rate for aluminium and copper
samples wear rate that is obtained from the pin-on-disk
testing are grouped into dry and wet conditions. The dry test
was done without application of lubrication on and wet
conditions (particularly of interest) imply the use of lubricant.

4. RESULTS AND DISCUSSIONS
4.1 COEFFICIENT OF FRICTION

The comparison between dry and wet was done.
Similarly, combinations that were shown below can be
compared on the wear results. 0.00014 and 0.0013 as the
wear coefficient show that is lubricant effects on the material
slightly.

The wear rate of copper in dry sliding friction was not as
much as aluminium results, dry results are in better surface
roughness than the wet one. In Summary, the regression
models at different conditions of the work during the
experiment.

DRY Aluminum:

The regression equation is

Y = 0.003109 + 0.001057X; - 0.00109 X, + 0.00316X; -8.9
x10 ?X4 +62.5412Xs + 18914834Xg -4.20837X;

WET Aluminum:
The regression equation is
Y =0.001827 + 0.000168X; - 0.00044X, + 0.000475Xs

- 5.4X109X4 + 11522651Xs + 1.35X10°X;

DRY Copper:

The regression equation is

Y =0.001883 — 0.0026X; — 0.00035X, — 0.000804 X3 -2.1
X10°X4 + 4465171Xs + 2.8X10°X;

WET Copper:
The regression equation is
Y = 0.000379 — 5.1X10-5X; -7.2X10™X; +9.93X10°X5 +

21.31x10%X,4 - 489590X¢ +1.49X10°X;

Where: K = wear coefficient
From the Achard Model, the wear coefficient was evaluated
as

Kx1891483x0.00109

Dry Alumiuim: 0.003109 =
3x40
K =0.00018
Wet Aluminum: 0.001827 = Kx1152236xs410xO.00044
K =0.000029
Kx4465171x0.00035
Dry Copper: 0.001883 = —= ad

3x40



K= 0.00014
Kx489590x7.2X10—4
Wet Copper: 0.000379 = = al
3x40
K =0.00013

The variation of the coefficient of frictions shows that the
wear mechanisms have been altered from the dry to wet
result. The degree of changes can be traced the amount of
lubricant, properties of the compound etc

4.2 METAL WEAR PATTERN
In both samples of metals, the wear rate of dry

condition is always greater than the wet condition. The
sample diameters are 4.35mm (area 14.862 mm?) for
aluminium and 3.45mm (area 9.348 mmz) for copper.
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Fig.' 2: Graph of Wear rate for Dry and Wet Conditions of
Aluminium Sample
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Fig. 3: Graph of Wear rate for Dry and Wet Conditions of
Copper Sample

Figs. 2 and 3 depict wear rates obtained for
aluminium and copper samples respectively. The maximum
volume loss for aluminium was 129.74 mm? and 85.53 mm?®
for dry and wet conditions respectively while for copper, the

maximum was 35.71 mm® and 22.71 mm?® for dry and wet
conditions respectively. The corresponding wear coefficients
are given as dry aluminium 0.00018, wet aluminium
0.000029, dry copper 0.00014, and wet copper is 0.00013.

The dynamic friction coefficients are found to be
very high compared to the dry condition and may be due to
the poor transport of the particles in the suspension to the
area of contact. Although same size of specimen was used
in both the test condition. Lubricant plays an important role
in dispersion of the particles and friction [16].

Fig. 4. Graph of Wear rate for Dry and Wet Conditions
Comparison for Aluminium and Copper Samples

Lubricants therefore played a major role in altering
wear volume. Fig. 4 shows that average wear rate of
aluminium sample without Ilubricant is relatively high
compared to copper sample. Dry aluminium has the
maximum wear rate of 0.001458mm%Nm while wet copper
shows the least tendency to remove its particles producing
wear rate of 0.000309mm?%Nm at the same speed of 1.963
m/s. The effective particle disintegration decreases with the
use of dispersants. The change in coefficient of friction from
dry to wet particles can be traced to high affinity that exists
with the addition of the dispersants

4.3 TEMPERATURE GENERATION AND DISTRIBUTION

Consider a two-bodies sliding (or rolling/sliding) on

a contact (Pin and Disk) .Here, the pin which is the
specimen moving with relative velocity and contact area on
a disk are considered. The rate of total energy dissipated in
the sliding contact is determined by the friction force and the
relative sliding velocity.
For instance, most of failures in automotive friction clutches
occur due to the excessive heat generated between the
contact surfaces during the slipping period. A finite element
technique has been used to study the temperature field; the
heat generation and the contact pressure distribution when
the specimen is pin on the friction disk slides.

Assumptions on the Heat Measurement:
1. Steady state conduction.
2. ltis assumed that the pressure is evenly distributed on

the disk.
3. Environmental conditions are negligible.
4. itis also assumed that all of the energy is dissipated as

heat on the sliding surfaces
Some of the heat generated as the material slides over the
Pin on disk was immediately dissipated into the surrounding
air by means of convection. This fraction is only small
compared to the amount that will be retained. The fraction of
heat that is absorbed by the disk of rig is greater than the
heat lost by convection.
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Fig. 5: Graph of Temperatures changes in Dry and Wet
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Fig. 6: Graph of Temperatures changes in Dry and Wet
Copper against Number of run

This energy dissipation, called frictional heating, is
responsible for increases in the temperatures of the sliding
bodies, especially within the contact region on their sliding
surfaces where the temperatures are highest. Evolution of
contact temperature and friction coefficient of the metals
and wear appearance with increasing speed shows that
friction coefficient varies between 0.00018 and 0.000029 for
aluminium and 0.0004 to 0.00013 for copper. The
maximum contact temperature decreases from 3.6 °C to
2.4°C for aluminium and from 4.3 °C to 2.7°C for copper,
Fig. 5 and 6 respectively. Frictional heating can cause
surface temperatures to reach the melting or softening
temperature of thermoplastic polymers, and these results in
a drastic change in the friction and wear behaviour of the
polymer. The combination of contact pressure and sliding
velocity can cause the surface temperature to reach the
critical temperature [17].
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Fig.7: Comparing the Graphs of Temperature Generated

for Aluminium and Copper Samples Under wet and dry
condition

Fig. 7, the wet curves for both aluminium and
copper appeared under the dry curves for the respective
materials. Meaning that the lubricant did not only reduce
the wear rate but also the temperature generated.
Temperatures generated in the pin and at the contact
surface are shown dry copper has the maximum
temperatures on the contact surface of 4.3°C. The speed,
load as well as lubricant play a vital role in the temperature
generation. The temperatures strongly decrease along the
pin axis since the heat is conducted into the surrounding,
absorbed by the disk as well as cooled by the lubricant.
These factors are behind the nature of the curves when
compared alongside the dry and wet behaviour.

These temperature changes can often be

responsible for changes in the friction and wear behaviour of
the material. This is extended to the behaviour of any
lubricant present in the contact. Among the most important
effects of frictional heating on tribological processes are the
following:
Contact temperatures and the resulting thermal stresses
can play an important role in wear of sliding metallic
components. The fact that temperature gradients around the
contacts are very large can be responsible for softening and
shear failure of the near-surface layer of the material in
many situations [18]. The effect of temperature on the
lubricant and its additives is also important [19]. Contact
temperatures may play an even greater role in wear
transitions for ceramics than in those for metals [20]. The
temperature rise at the contacting ice asperities may not be
sufficient to cause melting at very low sliding speeds; as a
result the friction coefficient of ice and snow at very slow
velocities may be as high as 0.6 to 0.8, but as soon as
higher sliding velocities cause sufficient melting of the
surface to produce a lubricating layer, the friction coefficient
drops below 0.1 [21].

4.4 STRAIN DEFORMATION

Strain results for the metals are shown in Fig. 8
and 9 for aluminium and copper respectively. Since it was
assumed that wear rate is also dependent upon stress.
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Fig. 8: Strain Deformation Curve on the Wear Track for
Aluminium Sample

Dynamic strain curves of wet and dry aluminium
test as shown in Fig. 9 were plotted based on both wear
behaviour as calibrated on strain measuring device. The two
curves agree for the most part, except near the end where
the difference in strain measured tends to increase.
Specimen strains versus time plots were used to determine
the strain rate. Because of the absorbers used in dynamic
testing, the initial part of the strain—time curve was not truly
indicative of the effective strain rate experienced by the
specimen.
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Fig. 9: Strain Deformation Curve on the Wear Track for
the Copper Sample

Stress values are changing over time due to the
wear and the changing contact then, wear at any particular
location is changing over time. This can be seen from an
examination of the contact pressure. The contact pressure
at different times representing different amounts of wear.

The shear strain behaviour, which is also matrix
dominated, shows high nonlinearity with a disintegration
stress level that increases significantly as the strain rate
increases. The yield point of the curve also increases with
increasing strain rate. For the strain, the curve obeyed a
similar pattern as the aluminium, which means the lubricant
has an effect on the result.

4.5 STRESS-STRAIN ON THE DISK

COSMOSPRESS showed the stress on the disk
under the von mises scale. “Von Mises stress value” which
can be simply compared to yield strength of the material. If
it's greater than the vyield strength, the part is failing
according to his criteria.

Fig10: Disk with the Emery Paper
Fig 11 shows the free body diagram of the disk as
it rotates. A distinct wear track was developed at a different
speed and load. The results of the wear track are simulated
with COSMOXPRESS.

2)

Fig. 11: Schematic Diagram of a Wear Rotating disk

The results on stress- strain on the disk for the
metals were evaluated using Von Mises stress criterion.
These are the equivalent tensile stresses between pin and
disk material when both materials are in sliding contact and
material start to yield. The Von Mises stress satisfies the
property that two stress states with equal distortion energy
have equal Von Mises stress. Several yielding criteria are
available.

The Von Mises criterion is commonly used to
check the yielding failure of ductile materials. The idea is to
verify if the Von Mises stress is below the yield strength of
the material. By this criterion, the material is not in plastic
(permanent, damaging) deformation. Maximum principal
stress is an example of different yield criteria. It states
simply that if any of the maximum principal stresses are
above yield stress, by these criteria the part is in failure. For
the different experimental conditions, the Von Mises result
varies as shown Fig. 11 and 12

Results produced as the effect of coefficient of
friction are very similar, but not identical. The stress plot
shows the boundary value along the wear tracks. This
boundary values are most often used to present stress
results. In the dry and wet conditions, the maximum normal
stress is 1.912 N/m? and 4.354 N/m? respectively. This
result is comparable to the results for the whole disk.

The stress plot for copper sample along the wear
tracks, gave the maximum normal stress as 0.2419 N/m? for
dry Copper tests and 1.929 N/m? for the wet condition. In
both aluminium and copper samples, the wet conditions
exhibits greater maximum stress compared to dry
conditions. Unlike, [22] where the stress pattern for
composite was investigated with large amount of abrasive
debris removed from the Composites during the wear test.
These in turn substantially increased the wear rate of both
the composites and the emery paper. The result was
obtained in the absence of lubricants or depressants.
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Fig. 12: Copper Stress Pattern on the Wear Track
Fig. 11: Aluminium Stress Pattern on the Wear Track

4.6 THE MODE OF WEAR MECHANISM

Flow occurs at a constant maximum value of the

strain energy of distortion. This quantity was obtained by
subtracting the elastic energy of volume dilatation from the

The effects of coefficient of friction, temperature
generation as well as the stress/strain on disk on the friction

total elastic energy stored in the material. To locate the point
of greatest positive stress and regulate the constant of
integration, one may see from stress pattern on the wear
track for all the metals, the wear track border is most
positive stress region. Stresses are quantities that cannot be
observed directly; their direction and magnitude may only be
inferred from their effects. Therefore, the method of
analyzing fault patterns shows the observed orientation of
faults at certain boundaries. The analysis was used to
reconstruct the whole potential fault pattern within the
boundaries. This appears to be more direct in situations
where it can be applied, than methods that depend upon
complete knowledge of boundary stresses.

and wear properties of aluminium and copper have been
carried out on this experiment. The mechanism of wear is
discussed on the basis of the results of these experiments
and electron microscopy of the friction surfaces.

4.6.1 THE EFFECT OF COEFFICIENT OF FRICTION

Lubrication can consist of some fluid or grease. [23]
Coefficients of friction and wear rate of all HVOF coating-
applied samples were lower than that of the SAE1030 steel.
Coefficient of friction was more of a simulation parameter,
which shows the effect of different coefficient of friction on
dry and wet conditions. Coefficient of friction depends on the



materials and the sliding surface. The application of the
lubricant reduces the sliding friction between two surfaces.
By applying a form of lubrication method between the
objects, this is to ensure that an equal amount of lubricant
was used.

4.6.2 THE EFFECT OF TEMPERATION GENERATION

The main results show that the observed wear
mechanisms are extremely dependent on the system
temperature, which increases slightly when increases the
sliding speed and load. In both materials, the dry condition
always generated a higher temperature than the wet
condition. [24] Confirmed Increased in deformation, the
deformation in the disk will be greater around the contact
point with rise temperature.

4.6.3 THE EFFECT OF THE STRESS/STRAIN ON THE
DISK.

The existence of the strain state and stress state on the
wear track were considered responsible for the generation
of temperature and wear debris. The effect of temperature
on the stress and strain distributions at the disk interface
was altered as a lubricant was added. In other words, the
wear track wear is a function of the apparent contact area,
directly related to the applied load during testing.

Fig 8 and 9, showed the clear effects of the lubricant on the
material. In both the aluminium and copper, the strain was
reduced.

4.7 VALIDATION OF RESULTS

The validation of results looks into the error in
measurements as a mathematical way to show the
uncertainty in the measurement. The most common ways to
calculate experimental error: Error and percentage error of
the experimental and theoretical values are estimated. The
results are limited to wear rate only.

Table 3: Comparing the Error Results for Aluminium
and Copper

Metal
Dry Wet Dry Wet
Alum Alum Copper Copper
Error 3.70E-4 1.48E-4 9.42E-5 4.3E-5
Percentage Error 21.17 20.47 7.24 20.74
(%)
Standard deviation 5.06E-4 1.77E-4 1.57E-4 5.27E-5

* Wet Condition uses an organic based lubricant

The percentage error showed variation between
the experimental and true values. The implication of this
result can be seen as not only comparing the output

performance of the rig but determining the level of accuracy
in the result. With Dry aluminium condition having the
percentage error of 21.17% and dry copper condition with
the lowest error of 7.24%

CONCLUSION AND RECOMMENDATION

Generally, the application of lubricant affected the wear
behaviour of the metal. Volume wear, coefficient of friction
as well as temperature generated. A quality changes were
recorded on the application of the lubricant. From the results
of the investigation and discussions, the following
conclusion was made:

1. The results of temperatures generated shows some
relevant characteristics of temperature distribution
profile which increases with load, speed and time.
Temperature lost also exists along the disk. This is
due to the heat dissipation ability of disc material.

2. For the metals, under dry and wet conditions,
coefficient of friction reduced in both aluminium and
copper. The wet condition having the least
coefficient of friction is as a result of favourable
interaction between material and emery cloth in the
presence of lubricant.

3. The wear track border is most positive stress region
on the disk. The stress plot showed along the wear
tracks, boundary regions noticed greater stress
pattern on the wear track while on Disk.

4. Its clears from the graph, that the wet results are
lower than the dry wear result. Meaning that the
lubricant has an effect on the wear rate, strain and
heat generated.

The following recommendations are hereby made in
furtherance of this research work. Efforts should be made
towards the having a system with an instant temperature
measuring device. Such as the use of a thermostat can be
added, so that heat generated can be read. This will prevent
heat lost to the environment. The relationship on the effect
of wear resistance, relative wear resistance and pressure
wear resistance for non-heat treated metals can also be
verified.
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