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In This research aims to use Response Surface Methodology (RSM) in determining the settings that
give the highest wear resistance of the developed (Cu-W) composites by varying reinforcement
percentage at 20-40%, temperature at 160-200°C and mechanical load at 80-100N. A regression
analysis was carried out to determine the parameters that affect wear rate and indicated that
temperature and Cu-W percentage are significant factors affecting the wear rate with p total values
0.017 is significant. Optimization result suggested that at 30% Cu, 200°C and 80N load has the
highest desirability of 1.00 with the best wear rate is 3.498 mm3/Nm. Contour and surface plots
were used to further elaborate on synergy between the factors. The results of this study will be
valuable for creating the adequate Cu-W composites composition that has decent durability in the
applications that require the use of electric contacts and tools for high temperatures, in which wear
is of great importance. This, therefore, shows how RSM is effective in optimizing the material with
minimum experimental runs.
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1. Introduction

Tungsten-copper (W-Cu) metal matrix composites
have found their way to be used in many modern
engineering applications mainly because of their
properties which are imparted by the resultant
phases. The copper matrix was used for its electrical
and thermal conductivity, while the tungsten
particles were for high strength, stability and wear
resistance. These composites are widely used in
electrical contacts, heat sinks and high temperature
components where factor of both electrical
conductivity as well as wear resistance, is of prime
importance [2]. The wear resistance is especially
important for W-Cu composites to be used in sliding
electrical contacts as well as other tribotechnical
applications. It has also been confirmed by earlier
research works that wear performance of these
composites depends on factors such as wt% of
tungsten and working temperature and mechanical
loading regime [3]. As a result, due to more
interrelated nature of these parameters, advanced
methods are not helpful in order to predict and
improve the wear performance through normal
experimentation [4].

This paper discusses the current trends in material
desigh based on the application of systematic
design methods for fiber reinforced composites.
OFAT is not effective in investigating the second-
order interactions between the composition and the
service conditions since it does not account for
nonlinearities [5]. This has led to increased interest
in use of design of experiments (DOE), specifically
Response Surface Methodology (RSM) that allows
for studies that involves several variables and their
interactions [6].

In the present work, the statistical RSM design of
Box-Behnken has been used for studying and
modeling the wear resistance of the W-Cu
composites [7]. The first is the wt% of tungsten
reinforcement content (20-40 wt%), which can be
seen as the compositional parameter; the second is
temperature (160-200°C), which is typical for
service conditions; and the final value is the applied
load (80-100 N) as a stress parameter. It also
provides a systematic approach to the following:

Investigate the extent of response of the wear
behavior to the content of tungsten Copper,
temperature, and load independently and in
combination.

To predict wear rate of materials in engineering
applications, the following factors should be put into
consideration;

Find out the best suitable composition and working
conditions to enhance the wear resistant properties
the objective of the present work was to establish
structure-property relationships in W-Cu
composites.

2. Methods and Methodology

2.1 Optimization Technique

Optimisation strategies are applied to improve new
product development, processes and organisational
effectiveness. Wear rates can be improved and
various approaches can be employed of these, more
than one treatment may be employed at a time and
results could then be statistically significant giving
the garment makers more reliable conclusions and
recommendations. Some techniques which are
usually applied ion process and product
development is Design of Experiment (DOE) [8-13].

2.2 Materials

Copper-tungsten is a bimetal casting element which
is widely used due to peculiar properties of tungsten
and copper: the high strength and heat stability of
the first one in combination with high conductivity of
the second one is achieved during powder
metallurgy [14]. This form of manufacture usually
starts with the compression of tungsten powder into
a certain shape or form. Define: Compacted and
Sintering The compacted tungsten is caused to
undergo a sintering process to heat it up to higher
temperatures in order to make the particles to join
together and create a porous structure. In the end,
molten copper is immersed into the sintered
tungsten porous network and the consequent
solidification produce Foamed CuW composite
system [15].

2.3 Experimental Setup

Table 1 states the specification of the Tribometer
setup used in this study. All the experiments were
conducted Government engineering College,
Aurangabad, and Maharashtra, India.
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Figure 1: Tribometer Setup

Table 1: Specifications of LTR Setup

Make Model Ducom Ltd., Banglore, India

Upper Specification

Pin(dia. x 1)- ®4x15mm, ®6x15mm, ®8x15mm,
d10x15mm.

Pin Rectangular (Ixbxh)-4x6x15

Pin Square (Ixbxh)- 4x4x15mm, 6x6x15mm,
8x8x15mm. Ball- ®10mm

Lower Specification

Rectangular Block (Ixbxh)- 40x40x5, 30x30x5,
20x20x5mm

Lower Specification

EN-31 Steel

Lower Specification

Hardness

60 HRC

Stroke Length

Range

10, 20 30 fixed.

Load Range

5 to 100 N (In step of 5N)

[Temperature Range

[Ambient 0oC to 2000 C, Ambient 200 to 2000 C (For
Both Lubrication). Least
count..-0.210C, Sensor: PT-100

Frequency (Speed)
Rangel

1-20Hz(1200rpm) Least count: 1rpm, Sensor,

Proximity Sensor

Frictional Force

0.1-100N Least Count: 0.1N, Sensor- Piezo Sensor

Wear Measurement

Range

+2 mm, with least count 1 micron

Water Supply

2-5 Ipm Provision inbuilt for internal connection.
Connect the tap water from

outside while conducting heating test.

Power

230 Vx 1 ®x50Hz,8A(For Tester)

3.1 Analysis of Desirability Values in W-Cu
Composite Wear Optimization

The desirability analysis presents valuable
suggestions for improving W-Cu composites for
wear resistance. This means that the greatest
favorability is in the specimen containing 30%
tungsten at 200°C temperature and 80N load which
shows that this is the ideal ratio of properties. The
composites with 30% of tungsten had moderate
desirability 1.00 and have the highest desirability.
The highest concentration of tungsten results in the
relative improvement in wear resistance - while
maintaining 30% of tungsten is the most effective in
the present work in a range of thermal and
mechanical loads. This is in agreement with wear
mechanism findings for high-desirability conditions
that demonstrate better mixed abrasive-oxidative
wear than adhesive wear [17].

Table 2: Optimized Wear Rate Data Table with
Desirability and Statistical Significance

Experiments Inputs Factors Output Factors
Trial No. Reinforcement [Temperature |Load|Wear Rate [DESIR
(%) (°C) (N)  [(mm3/Nm)

Sample 1 30 180 90 [3.950 0.43485
Sample 2 30 200 100 (3.549 0.84967
Sample 3 20 160 90 |4.401 0.09122
Sample 4 30 160 80 [3.711 0.61489
Sample 5 30 180 90 [4.025 0.43485
Sample 6 20 180 80 [3.870 0.76481
Sample 7 30 160 100 [4.201 0.28682
Sample 8 40 180 8O [3.525 0.76481
Sample 9 20 180 100 (3.773 0.43674
Sample 10 30 200 80 [3.498 1.00000
Sample 11 40 160 °0 |4.312 0.09122
Sample 12 40 200 90 [3.743 0.65407
Sample 13 30 180 90 [4.050 0.43485
Sample 14 20 200 90 [3.802 0.65407
Sample 15 40 180 100 [4.266 0.43674

3. Results & Discussions

Minitab statistical software has been used for this

purpose. Models have been made of the wear rate.
ANOVA has been used to find out how each
parameter affects wear rate and a linear regression
model has been made to predict output model
regression model has been made to predict output
model [16].

3.2 Main Effects of Wear Rate

From Graph 1, the Main Effect plot for the W-Cu
composite for wear rate optimally measured
response is the level of a factor that has the highest
desirability. The optimal wear rateress parameters
were 200 °C temperature (level 3), load 80N (level
1) and reinforcement 30% (level 2).
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Figure 2: Main Effects Plot for Wear Rate

The main effects plot shows the endurance of the
wear rate of the W-Cu composites as influenced by
a singular factor at a time. Found from 20% to 40%
enhancement in tungsten reinforcement, the mean
wear rate has a good decreasing effect expect of
which it signifies that tungsten has a strong
influence on wear resistance by hardening effect.
Similar to temperature, higher wear rate is obtained
at lower temperatures (160°C) and lower wear rate
at higher temperature of 200°C, because of
improved oxide formation and softening of the
copper matrix. At the same time, mechanical load
increases gradually to the wear rate and shows that
although wear-resistant alloyed with tungsten
increases the load-carrying capacity, increasing
mechanical stress can contribute to wear damage.
This particulate confirms what has been stated in
the previous particle, which is that the quantity of
Tungsten copper as well as temperature dictate the
wear rate but load also has an independent effect
with a lower significance than the Tungsten content
and the temperature. These can be considered
similar to the optimization results and conclude that
the highest wear resistance is obtained from the
combination of high copper percent (30 %) and
elevated temperature (200°C) and reasonable loads
to prevent applying mechanical stress. These sight
trends are beneficial for the selection of the material
and the working state in practical uses of W-Cu
composites.

3.3 Analysis of Variance

The analysis of variance shows the significance of
the linear terms based on wear rate with the p value
<0.05 while the overall model significance is tested
and found significant at the level of 0017.

From the above result, it can be seen that the p-
value of 0.957 for the lack- of-fit test corroborates
that the developed model fits well with the
experimental data. Thus, this study has shown that
temperature is the most sensitive factor that
influences the wear resisting capacity of W-Cu
composites with reinforcement content and load
also having a firm but lesser impact on the
performance of the composites. The results confirm
that linear model is suitable to predict wear rate in
the mentioned system [18].

Table 3: ANNOVA Result for Wear Rate
Source DF Adj SS AdjMsS F- P-

Value Value

Model 6 [0.94316[0.157193[4.97 [0.021
Linear 3 0.69216(0.230721(7.29 |0.011
Reinforcement (%) 1 (0.00000/0.000000{0.00 |1.000
[Temperature (°C) 1 |0.51664|0.516636(16.33 [0.004
Load (N) 1 [0.17553|0.175528(5.55 |0.046
Square 3 |0.25099(0.083665[2.64 |0.121

Reinforcement (%)*Reinforcement [1 [0.02824]0.028242(0.89 [0.372
(%)

[Temperature (°C)*Temperature 1 |0.00362(0.003615(0.11 0.744
(°C)

Load (N)*Load (N) 1 ]0.20790(0.207904|6.57 |0.033
Error 8 [0.25314]0.031642

Lack-of-Fit 6 0.24772]0.041287|15.24 [0.063
Pure Error 2 [0.00542(0.002708

Total 14 ]1.19629

3.4 Contour Plot for Wear Rate

By observing these plots, more information could be
deduced about the combined effects of the various
factors on the wear rate of W-Cu composites [19-
23].

Contour Plots of Wear Rate (mm3,/Nm)

Figure 3: Contour Plot for Wear Rate.
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From the non-parallelism of the contour lines, it is
possible to pointed out that there are significant
interaction effects between the factors that affect
the behaviour of these composites and the most
important one is the interaction between
temperature and reinforcement content, so, while
optimising these materials, it is essential to consider
not only an individual factor but multiplicity of the
factors at the same time.

3.5 Development of Regression Model

Minitab is utilized to create a regression model. By
substituting the experimental values of the
parameters into the regression equation, wear rate
values for all levels of study parameters can be
predicted. The correlation between predicted and
experimental values wear rate. Using design Minitab
software, a mathematical model for reinforcement,
temperature and load is calculated and regression
analysis is performed to obtain the predicted value
of wear rate
-16.0 -0.0525Reinforcement(%)
+0.0155Temperature(°C) +0.442Load(N)

+0.000875Reinforcement(%)*Reinforcement(%)

-0.000078Temperature(°C)*Temperature(°C)-0.002373L
oad(N)*Load(N)

Table 4: Experimental and Predicted Values

Set Wear Rate (Experimental) Wear Rate (Theoretical) Error (%)

1 B.950 4.034 2.08
2 [.549 3.663 3.11
3 k401 4.342 1.36
4 B.711 3.869 4.08
5 k.025 4.034 0.22
6 [3.870 3.736 3.59
7 k.201 4.166 0.84
8 [3.525 3.736 5.65
o [.773 4.033 6.45
10 [3.498 3.365t 3.95
11 @.312 4.342 0.69
12 [.743 3.839 2.50
13 §4.050 4.034 0.40
14 [3.802 3.839 0.96
15 (4.266 4.033 5.78

The difference between the calculated values for
wear rate and the experimental values for each
experience was found to be less than 10%. We can
therefore say that the regression equation that was
made is valid.

3.6 Optimization Results Analysis

Table 5: Optimal Solution

Reinforcement Temperature Load Wear Rate Composite

Desirability

Analyzing the optimization results compared to the
wear rate of 3.498 at the lower bound of the
parameters, it is feasible to state that the highest
unreinforced wear rate of 3.498 is attained at the
outer limits of all the parameters under
consideration 30% of reinforcement, 200°C
temperature and 80N load with perfect desirability=
1. This implies that wear rate decreases with an
increase in all the three factors for the W-Cu
comviewsdry composites. The formula contains 30%
coppper which offers the right measure of
reinforcement strength and the highest temperature
that may enhance good surface oxidation and the
negative thermal softening impact leading to
reduced wear. It is however instructive that the
model has estimated the best performance at the
maximum load 100N although wear commonly
increases with load, this shows that at such high
incorporation of tungsten the load-carrying capacity
of the composite is a measure more than the wear
that might be occasioned by the load. These results
indicate well the experimental results, where
minimum actual wear rate 3.498 was found under
the similar condition of 30%W, 200°C and 80N. This
proves that the obtained desirability 1.00 is the
global optimum within the range of the tested
parameters. However, it needs to be noted that the
task might involve sacrificing some of these
conditions for such properties as conductivity at
least for engineering purposes, since some limits
are at the edge of practical realization. The results
confirm the tungsten content as being the most
critical root cause for wear resistance and detailing
how temperature and load can be managed in order
to improve on the performance.
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Figure 4: Desirability Plots
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3.7 Confirmation Experiment Result

Table 6: Confirmation Experiment Result

Parameter Experimental value Predicted value Error %

Keeping the parameters at the best levels suggested
by the optimization method, a confirmation
experiment was done, and the wear rate was
compared to what the regression model predicted
while keeping the parameters at the same levels.
The difference between the actual result and the
one that was predicted is 4.82%. This shows that
the experimental value and the estimated value are
similar.

4. Conclusions

This work provided a promising way to enhance the
wear resistance of the W-Cu composites by
employing Response Surface Methodology and Box-
Behnken Design. The findings summarized as
follows are important: The findings summarized as
follows are important:

Optimal Wear Resistance Parameters From the
result obtained above, 30% reinforcement at 200°C
temperature with a load of 80N has the lowest wear
rate is 3.498 mm3/Nm at 1.00 desirability.

Therefore results of a statistical analysis in this
study showed that of the independant variables
used such as temperature, load and the
reinforcement percentage, that temperature had the
most effect on the wear resistance of the composite
than the other two independant variables used.
Higher content of copper provides better wear
resistance due to the hardening effect, while the
higher temperature is probably conducive to
creating the oxide layers over the surface, the
softening of W-Cu matrix, thus resulting in low wear
amount.

A linear regression model constructed in the work
allows for achieving a high level of prognosis for the
wear rate with the imbalance in the difference
between the predicted and experimental values
being below 10%.

The optimization analysis also corroborated the
above findings to the effect that the maximum wear
performance occurs at the extreme ends of the
investigated parameters.
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