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Abstract

In the present experimental investigation AA6082/Si3N4/C/AlI203 composite was successfully fabri-
cated using stir casting technique combined with electromagnetic stirrer for wear resistance applica-
tions. The produced AA6082/Si3N4/C/AI203 composite exhibits improved tribological and me-chani-
cal and properties, according to the experimental results. The generated composite has a micro-hard-
ness range of 60 to 110 HV and an average UTS of 150 to 200 MPa. The tribological performance was
evaluated using a pin on disc tribometer. The tribometer yields a COF reading be-tween 0.15 and 0.4
for test circumstances of load between 10N and 30N, temperature between 500C and 1000C, and sliding
velocity between 0.1 m/s and 0.3 m/s, respectively. Taguchi L9 OA was also used in the present inves-
tigation for optimization of COF of fabricated AA6082/Si3N4/C/AI203 composite. The percentage con-
tribution of fabricated composite for COF was highest for velocity (76.37%) followed by 12.84 % tem-
perature and 7.31 % load. The following are the predicted ideal values for the 95% confidence interval
for COF for the fabricated AA6082/Si3N4/C/Al203 composite. 0.86 | < 0.134 for CICE and CIPOP:
M <0.0126 < 0.094
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INTRODUCTION

Important advancements in IC engine tribological performance these days are closely linked to sur-
face geometry optimization, lubrication enhancement, and the use of composite materials and unusual
coatings. Among engine components, piston rings are particularly important since friction causes 40—
45% of the energy to be lost. The piston assembly's tribological performance has a significant impact
on fuel economy, harmful exhaust emissions, and power loss. The research reports that surface topog-
raphy [2-3], metal matrix composite [5], surface modification [4], and lubrication regime adjustment
[1] are the most common methods used to improve the performance of piston components. Metal matrix
composites are essential to the advancement of engineering science and technology in the modern world
due to the growing demand for advanced materials. Most people are aware of the exceptional properties
of metal matrix composites, including their high
strength, stiffness, resistance to wear, and capacity
for damping [6]. Reinforcements are added to the
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metal matrix of a metal matrix composite to im-
prove the microstructural behavior or to achieve
certain mechanical and customized qualities. Rein-
forcing particles like carbon, BN, AI203, TiO2,
B4C, Si C, and so on are included in the reinforce-
ment phase [7]. Due to its exceptional mechanical,
tribological, and specific modulus, aluminum-
based metal matrix composites (MMC) are exten-
sively utilized in both industrial and research set-
tings [7-8]. The mechanical properties of the man-
ufactured AMC are examined by Tyagi et al. [9],
who demonstrate improvements in tensile strength

© STM Journals 2024. All Rights Reserved

S144



Parametric optimization of COF of fabricated Sharma et al.

and hardness. Examining COF and wear of Si C reinforced composite, Mishra et al. [10] came to the
conclusion that COF and wear rate of composite material reduce as the weight percentage of Si C grows,
up to a certain point, and then increase as the weight percentage of Si C increases.| n a different study,
Yadav et al. [11] looked at the behavior of an Al/Si C/AI203/fly ash based composite. According to the
experimental results, the weight percentage of flyash gives push to the composite material's hardness
and wear resistance. Composites experimental result demonstrates that the size and orientation of the
grains have a significant impact on the composite material's enhanced capabilities. When compared to
fine grain particles, the coarse flyash particles have superior wear resistance qualities, according to
research by Kumar et al. [12]. The Research on the aluminium reinforced Si C composite by Maleque
etal. [13] indicates that the addition of Si C particles to the matrix improves the tribological capabilities
of composite materials.

According to Tyagi et al.'s [5] analysis of the behaviour of manufactured AA6082/Si3N4 Compo-
sites, density dislocation in the matrix causes the tensile strength and hardness of the composites to
increase with regard to increment in weight % of Si3N4. Even yet, the recent work on ceramic and
polymer particles is encouraging for both business and scholars. Composites made of ceramic materials
with a metal matrix may have high mechanical, thermal, electrical, and tribological characteristics [14,
15].

The use of electromagnetic stirrers in combination with stir casting techniques to create composites
such as AA6082/Si3N4/C/AI203 is currently lacking in study. A lot of promise was presented by the
fabrication of AMC with enhanced mechanical and tribological characteristics with the use of
Si3N4/C/AI203 reinforcement and an electromagnetic stirring technique. In the current work, the COF
of the produced AA6082/Si3N4/C/Al203 composite was additionally optimised using Taguchi L9 OA.

Experimental Procedure

In the current work, the AA6082/Si3N4/C/AI203 composite was made using the stir casting method
and an electromagnetic stirrer. AA6082 rods were cleaned with acetone, chopped into small pieces, and
then melted in a crucible within an electric muffle furnace that was heated to 850 degrees Celsius. The
crucible was continually supplied with argon gas to prevent contamination of the melt in order to pro-
duce high-quality composite material. After AA6082 melted, the heated Si3N4/C/AI203 particles were
added to the melt. The melt of Si3N4/C/AI203 particles and AA6082 was continuously swirled for 15
minutes at a speed of 200 rpm using a mechanical stirrer. The ASTM E-8 guidelines were followed in
the preparation of the UTS test specimens. Tests with an indentation duration of 20 seconds, a dwell
period of 5 seconds, and a maximum applied stress of 1000mN on the stylus were conducted using the
micro hardness tester with diamond stylus.

Table 1 displays the created composite experiment design for COF that was chosen for the Taguchi
approach. In the present instance, three levels and three process factors were studied for nine different
compositions. The produced AA6082/Si3N4/C/AI203 composite yielded 27 Taguchi L9 OA test re-
sults after each composition was tested three times. These findings allowed for the examination of the
impacts of factors on COF, as shown in Table 2.

Table 1. Taguchi’s Method for Design of experiments of fabricated AA6082/SisN./C/AlO3; composite

Parameters Factors | Level1 | Level2 | Level 3
Temperature (°C) a 150 175 200
Sliding Velocity (m/s) b 0.15 0.25 0.35
Load (N) c 30 40 50

Table 2. Test Result of Taguchi Ly OA of fabricated AA6082/SizN4/C/Al,0s composite for COF

Composite Temperature | Sliding Ve- | Load (N) COF SIN ratio
compositions (°C) locity (m/s) Test 1(T1) | Test2 (T2) | Test3 (T3) (db)
1 150 0.15 30 0.45 0.45 0.45 6.86
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2 150 0.25 40 0.3 0.3 0.3 8.87
3 150 0.35 50 0.1 0.1 0.1 14.89
4 175 0.15 40 0.32 0.34 0.34 8.71
5 175 0.25 50 0.32 0.32 0.34 9.71
6 175 0.35 30 0.2 0.2 0.22 13.68
7 200 0.15 50 0.28 0.28 0.28 11.05
8 200 0.25 30 0.3 0.32 0.32 10.07
9 200 0.35 40 0.16 0.16 0.15 16.09

T (X COF) = 0.32

DISCUSSION AND RESULTS

Cof

Figure 1 shows the COF variation for the manufactured AA6082/Si3N4/C/Al203 composite. The
composition 9 shows a minimum coefficient of friction (C/F) of 0.15 at 100°C, 20 N of weight, and 0.3
m/s of sliding velocity (SV). In contrast, composition 1 shows a maximum COF of 0.46 at 50°C, 0.1
m/s of SV, and 10 N of load. The COF result demonstrates that there was uniform mixing and strong
bonding strength between the Si3N4/C/AI203 particles and the matrix alloy [14—20]. The experimental
study came to the conclusion that the production of oxides and nitrides causes the COF of the manufac-
tured composite to decrease as test circumstances of process parameters rise [5, 7]. The materialisation
of displacement density in the current situation leads to a decrease in grain size when the formed com-
posite solidifies, which might result in a decline in COF [5, 20-26]. The primary impacts of the
AAB082/Si3N4/C/AI203 composite, which was made for COF, are shown in Table 3. For every pa-

rameter at every level, the S/N ratio is calculated and plotted in Figure 2.

COF Vs Composite compositions

0.6

COF

0 100
COF01 COF02
COF06 —  COF7

posite

Table 3. Substantial outcome and average values of fabricated AA6082/SizN4/C/Al,O3; composite for

COFg8
Figure 1. Variation of COF with composite compositions of fabricated AA6082/SisN4/C/Al,O3 com-
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Sliding distance (m)

COF03
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COF04 —  COF0S
COF09

COF
Parameter ‘ Level Temperature sV Load
Data RD SIN RD S/IN RD SIN
Average values (weight loss) L1 0.33 10.21 0.36 8.87 0.32 10.21
L2 0.3 10.70 0.33 9.55 0.29 11.22
L3 0.25 12.41 0.18 14.89 0.26 11.88
Substantial outcome of weight loss | L2-L1 -0.03 0.49 -0.3 0.67 -0.03 1.01
L3-L2 -0.05 1.70 -0.15 5.33 -0.03 0.66
Difference (L3-L2) (L2-L1) -0.01 1.21 -0.11 4.66 -0.002 -0.35
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Figure 2(a) shows the temperature fluctuation of the constructed AA6082/Si3N4/C/AlI203 compo-
site. The result shows that when the composite that was made at 100 OC was linked to 50 OC and 75
OC, its COF was lowest. The S/N ratio was lowest at 500C when the created AA6082/Si3N4/C/AI203
composite was subjected to 750C and 1000C temperatures. At the 100 OC temperature threshold, the
manufactured composite's improved S/N value and lower COF lead to perfect test results with less noise
and more signal.

Figure 2(b) shows that the COF of the created AA6082/Si3N4/C/Al203 composite decreases as the
sliding velocity rises. The lowest COF was reached at the maximum sliding velocity of 0.3 m/s, while
the highest COF was achieved at the lowest sliding velocity of 0.1 m/s. Starting at 0.1 m/s, the S/N ratio
of the fabricated AA6082/Si3N4/C/Al203 composite grew as the sliding velocity increased.

As seen in Figure 2(c), the COF of the produced AA6082/Si3N4/C/Al203 composite fluctuates with
load. The result shows that the produced composite's COF at a 30 N load was the lowest when compared
to 10 N and 20 N loads. The manufactured AA6082/Si3N4/C/AI203 composite had the lowest S/N
ratio at 10 N when subjected to 20 N and 30 N stresses. The produced composite shows optimum test
results with less noise and greater signal at 30 N load, as seen by its lower COF and higher S/N ratio.

(a) Effect of Temperature on S/N (b) Effect of Sliding velocity on S/N
and COF and COF
13.00 0.50 15.50 - " - 0.40
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Figure 2. Shows the COF deviation using the following parameters: temperature (OC), sliding velocity
(m/s), and load (N) in order of priority.

To enhance the manufactured AA6082/Si3N4/C/AI203 composite's performance, a reduced im-
portance of COF was pursued using the superior form prominent physical features. The most advanta-
geous COF was obtained at level 3 of parameters a, b, and c, as Figure. 1 illustrates. The COF of the
produced AAB6082/Si3N4/C/AI203 composite was analysed, and the ANOVA approach was used to
analyse the impacts of each component. Table 4 shows the pooled ANOVA of the produced
AA6082/Si3N4/C/AI203 composite for COF. It was immediately evident that variables A, B, and C of
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the artificial AA6082/Si3N4/C/AI203 composite had a considerable impact on the COF mean and var-
iance values. The AA6082/Si3N4/C/AI203 composite that was made had the highest percentage of
velocity (76.37 percent), followed by temperature (12.84 percent) and load (7.31%).

Table 4. Pooled ANOVA of fabricated AA6082/SisN4/C/Al.O; composite for COF

Source SS DOF \Y F-Ratio SS? P (%)

RD SIN | RD | SIN RD SIN RD SIN RD S/N RD S/N
Temp. 0.03 7.97 2 2 0.015 3.98 | 49.26 | 38.12 | 0.02 7.76 | 12.84 10.01
SV 0.17 | 65.09 | 2 2 0.088 | 3254 | 287.88 | 311.1 | 0.17 | 64.88 | 76.37 83.64
Load 0.01 4.28 2 2 0.008 2.14 | 28.48 | 2049 | 0.016 | 4.07 7.31 5.25
E (Pooled) | 0.0061 | 0.20 | 20 | 2 | 0.00030 | 0.10 - - 0.0079 | 0.83 | 3.46 1.07
Total 022 | 7757 |26 | 8 - - - - 0.22 | 7757 | 100 100

Estimation of optimal characteristics
Predicted response for COF

Table 5 shows the average COF of the produced AA6082/Si3N4/C/Al203 composite at the optimal
level for significant parameters. The predicted mean for COF at the ideal level may be found using
equation 2 [20-21].

Table 5. COF average values at optimal levels

Level COF
As 0.25
Bs 0.18
Cs 0.26
T 0.29

Meor = Az + Bz + C;—-2T (2)
u.cof = 011

Equations 3 and 4 can be used for calculation of 95 % Clce and Clpop for Confirmation experiments
[20-25].

Clee = \/ Fu(L £V {rlr% @)

Fa (1, fe)Ve
neff

Clpop = (4)

The results of the ANOVA computation are as follows:
Using eq. 3 Clce = £0.024
Using eq. 4 Clpop = £0.016

Predicted optimal values of fabricated AA6082/SisN./C/Al>O3; composite for COF is:
Clce: 0.086 < u<0.134
Clpop: 0.094 < p < 0.0126

Predicted optimal values of fabricated AA6082/SisN4/C/Al,O3 composite for COF at significant pa-
rameters level were designated as:
Level 3 of A =100°C
Level 3 of B=0.3m/s
Level 3 of C=15N
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Validation Tests

For the generated AA6082/Si3N4/C/AI203, three validation tests were carried out at the optimised
level of parameters at level three of temperature (1000C), level three of sliding velocity (0.3 m/s), and
level three of load (30N). The generated AA6082/Si3N4/C/Al203 composite had an average COF value
of 0.11, which, as the likelihood 95% suggests, was within the COF optimum range.

Tensile Test

The produced composite has an average UTS of 200 MPa, compared to the as-casted AA6082 alloy's
average of 150 MPa. Figure 3 displays variations in UTS for the manufactured
AAB082/Si3N4/C/AI203 and the casted AA6082 alloy. The average UTS test indicates that the cast
alloy AA6082 has a medium strength. When compared to the cast AA6082 alloy, the largest percentage
increase in UTS was 29.41 percent. According to the UTS result, the Si3N4/C/Al203 particles mixed
consistently with the matrix alloy and had a good bonding strength [16-17]. The results of the experi-
mental study indicate that as test conditions of process parameters rise, the development of nitrides and
oxides raises the UTS of the produced composite [5, 7]. The rise in UTS may also be due to the creation
of dislocation density, which reduces grain size during the produced composite's solidification [5, 18—
19].

300 -
200 A
<
o
=3 T
%) ke
=
) ST
100 1 RN
0 e : H
As-casted AAG082 alloy AAB082/Si3N4/C/AI203
auUTS (Mpa) 150 200
@ % increase in UTS 0 29.41

Figure 3. UTS results of fabricated AA6082/SizN4/C/Al,O3 composite

Micro-Hardness

The micro-hardness change between the fabricated AA6082/Si3N4/C/AI203 composite and the
casted AA6082 alloy is shown in Figure 4. The resulting composite had an average hardness of 110
HV, compared to the as-casted AA6082 alloys about 60 MPa. When cast, AA6082 is a medium strength
alloy based on the average micro-hardness result. The hardest ness increase, expressed as a percentage,
was 71.40% as compared to the cast AA6082 alloy. Based on experimental study, it was shown that as
test conditions and process parameters rise, the produced composite's micro-hardness increases due to
the development of nitrides and oxides [5, 7]. The increase in micro-hardness might be attributed to the
increasing of dislocation density, which results in a decrease in grain size during the solidification of
the produced composite [5, 18-19].
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Figure 4. Micro-hardness results of fabricated AA6082/SisN4/C/Al,O3; composite

CONCLUSIONS

In the current experimental work, the AA6082/Si3N4/C/Al203 composite was effectively manufac-
tured using the stir casting approach in combination with an electromagnetic stirrer. After melting the
AAB082 alloy to 850 degrees Celsius, preheated Si3N4/C/AI203 was constantly added to the molten
alloy for 15 minutes at a time using a mechanical stirrer set to 200 revolutions per minute. Together
with a mechanical stirrer, a 10 HP electromagnetic stirrer that rotated at 960 rpm for approximately 45
seconds was also used to create the AA6082/Si3N4/C/Al203 composite. The following are the conclu-
sions that can be calculated:

e The constructed AA6082/Si3N4/C/AI203 experimental findings for UTS had a micro-hardness
of 60 to 110 HV and a range of 150 to 200 MPa.

e Test results show a 67.39% drop in COF, a 29.41% rise in UTS, and a 71.40% increase in micro-
hardness at 1000C temperature, 30N load, and 0.3 m/s sliding velocity.

e Thetribological performance was assessed using a high temperature tribometer, which has a COF
range of 0.15 to 0.4 under test conditions of load from 10 to 30N, temperature from 50 to 1000C,
and sliding velocity from 0.1 to 0.3 m/s.

e The following are the predicted ideal values for the 95% confidence interval for COF for the
fabricated AA6082/Si3N4/C/Al203 composite.:

0.86.1.1.1 1 < 0.134 for CICECIPOP: u < 0.0126 < 0.094

Of the produced AA6082/Si3N4/C/AI203 composite, velocity accounted for the largest percentage
contribution to COF (76.37%). Temperature (12.84%) and load (7.31%) came next.

REFERENCES

1. Nevshupa R, Conte M, Del Campo A, Roman E. Analysis of tribo chemical decomposition of two
imidazolium ionic liquids on Ti—-6Al-4V through mechanically stimulated gas emission spectrom-
etry. Tribology International. 2016 Oct 1; 102:19-27.

2. Profito FJ, Tomanik E, Zachariadis DC. Effect of cylinder liner wear on the mixed lubrication re-
gime of TLOCRs. Tribology International. 2016 Jan 1; 93:723-32.

3. Zavos AB, Nikolakopoulos PG. Simulation of piston ring tribology with surface texturing for in-
ternal combustion engines. Lubrication Science. 2015 Apr;27(3):151-76.

© STM Journals 2024. All Rights Reserved S150



Parametric optimization of COF of fabricated Sharma et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Igartua A, Nevshupa R, Fernandez X, Conte M, Zabala R, Bernaola J, Zabala P, Luther R, Rausch
J. Alternative eco-friendly lubes for clean two-stroke engines. Tribology International. 2011 Jun
1;44(6):727-36.

Tyagi A, Sharma D. Characterization of AA6082/Si3N4 composites. Inlst International Confer-
ence on New Frontiers in Engineering, Science & Technology, New Delhi, India, January 2018 Jan
8 (Vol. 8, p. 12).

Senapati AK, Ganguly RI, Dash RR, Mishra PC, Routra BC. Production, characterization and anal-
ysis of mechanical properties of a newly developed novel aluminium-silicon alloy-based metal ma-
trix composites. Procedia Materials Science. 2014 Jan 1; 5:472-81.

Sharma P, Khanduja D, Sharma S. Parametric study of dry sliding wear of aluminium metal matrix
composites by response surface methodology. Materials Today: Proceedings. 2015 Jan 1;2(4-
5):2687-97.

Singla M, Dwivedi DD, Singh L, Chawla V. Development of aluminium based silicon carbide par-
ticulate metal matrix composite. Journal of Minerals and Materials Characterization and Engineer-
ing. 2009 Jun 20;8(06):455.

Ankit Tyagi, Yashwant koli, 2017, “Crictical Review of Fabrication & Characterization of Metal
Matrix Composites”, International Journal on Future Revolution in Computer Science & Commu-
nication Engineering, Vol. 3, Issue, 11, pp. 68-73, ISSN: 2454-4248.

Ashok K.R. Mishra, Ravindra Yadav, R.K. Srivastava, Eur. J. Sci. Res. 98 (2013) 542-550. ISSN
1450-216X / 1450-202X

Ravi Yadav, Ravindra Yadav, Ashok K.R. Mishra, et al., Tribological Behaviour of
Al6061/A1203/Flyash Metal, in: Matrix Composite, National conference on Advances in mechan-
ical Engineering, 2014, pp. 301-307.

Md Abdul Maleque, Md Rezaul Karim, Tribological behavior of dual and triple particle size SiC
reinforced AI-MMCs: a comparative study, Indus. Lubric. Tribol. 60(4) (2012) 189-194.

K. Ravi Kumar et al., Influence of particle size on dry sliding friction and wear behavior of fly ash
particle reinforced A380 Al matrix composites, Eur. J. Sci. Res. 60 (3) (2011) 410-420.

Ankit Tyagi, R.S. Walia, Qasim Murtaza, “Tribological behavior of temperature dependent envi-
ronment friendly thermal CVD diamond coating”, Diamond & Related Materials 96 (2019) 148—
159.

Ankit Tyagi, Yashwant koli, Deepak Sharma, 2018, “Fabrication & mechanical testing of
AA6082/Si3N4 Composites”, International Journal of Scientific Research in Science and
Technology, Vol. 4, Issue 2, pp. 579-582, ISSN: 2395-6011 (Print), Online ISSN: 2395-602X.

B. Ashok, N. Murugan, Metallurgical and mechanical characterization of stir cast AA6061-T6-
AlINp composite, Materials and Design 40 (2012) 52- 58.

I Dinaharan, N Murugan, S Parameswaran, Influence of in situ formed ZrB2particles on micro-
structure and mechanical properties of AA6061 metal matrix composites, Mater Sci Eng A 528
(2011) 5733-40.

C.S. Ramesh, R. Keshavamurthy, B.H. Channabasappa, S. Pramod, Friction and wear behaviour of
Ni-P coated Si3N4 reinforced A16061 composites, Tribology International 43 (2010) 623—634.

H. Arik, Effect of mechanical alloying process on mechanical properties of _-Si3N4 reinforced
aluminium-based composite materials, Materials and Design 29 (2008) 1856—1861.

Ankit Tyagi, Shailesh Mani Pandey, R.S. Walia, Qasim Murtaza, “Characterization and parametric
optimization of tribological properties of Mo blend composite coating”, Material research express,
Mater. Res. Express 6 (2019) 086428

Ankit Tyagi, SM Pandey, Qasim Murtaza, R.S. Walia, Mohit Tyagi, “Tribological behavior of car-
bon coating for piston ring applications using Taguchi approach”, Materials today proceeding 25
(2020) 759-764.

Ankit Tyagi, S M Pandey, R S Walia, Qasim Murtaza, “Characterization and parametric optimiza-
tion of % change in residual stress of Mo composite coating using Taguchi approach” Materials
Research Express, (Accepted).

© STM Journals 2024. All Rights Reserved S151


https://iopscience.iop.org/journal/2053-1591
https://iopscience.iop.org/journal/2053-1591

Journal of Polymer & Composites
Volume 12, Special Issue 2
ISSN: 2321-2810 (Online), ISSN: 2321-8525 (Print)

23. Ankit Tyagi, R S Walia, Qasim Murtaza, “Tribological behavior of HVOF carbon coating for wear
resistance applications” Materials Research Express, Volume 6, Number 12.

24. Ankit Tyagi, S M Pandey, R S Walia, Qasim Murtaza, “Characterization and parametric optimiza-
tion of % change in residual stress of Mo composite coating using Taguchi approach” Materials
Research Express, 6 (2019) 125623

25. Ankit Tyagi, R S Walia, Qasim Murtaza, “Residual, Corrosion & Tribological behavior of HVOF
sprayed sustainable temperature dependent carbon-based hybrid composite coating”, Strojniski
vestnik - Journal of Mechanical Engineering, 67(2021)4, 191-199.

26. Ankit Tyagi, SM Pandey, Qasim Murtaza, R.S. Walia, “Effect of temperature on the sliding wear
behavior of HVOF sprayed A1203 composite coating”, Advances in Materials and Mechanical En-
gineering, Lecture Notes in Mechanical engineering, ISBN 978-981-16-0673-1.

© STM Journals 2024. All Rights Reserved S152


https://iopscience.iop.org/journal/2053-1591
https://iopscience.iop.org/volume/2053-1591/6
https://iopscience.iop.org/issue/2053-1591/6/12
https://iopscience.iop.org/journal/2053-1591
https://iopscience.iop.org/journal/2053-1591

