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Abstract: Industrial Teratology is the scientific and engineering discipline focused on the interaction of
surfaces in relative motion, covering friction, lubrication, and wear. Its significance in industry is immense,
as it contributes to the efficiency, longevity, and performance of machinery and mechanical systems. a
crucial role in enhancing the efficiency, reliability, and lifespan of machinery and components. Industrial
teratology is significant for several key reasons, impacting various sectors and contributing to technological,
economic, and environmental advancements: Improved tribological practices reduce wear and tear on
machinery and components, extending their operational life and reducing the frequency of replacements.
Enhanced lubrication and friction management lead to lower energy consumption, decreasing operational
costs in industries ranging from manufacturing to transportation. tribological systems lower energy
consumption, leading to lower greenhouse gas emissions and a reduced carbon footprint. The development of
environmentally friendly lubricants and tribological materials reduces the reliance on harmful chemicals and
promotes sustainability. Industrial tribology is the study of the interactions between surfaces that are in
motion relative to each other, including aspects such as friction, wear, and lubrication. Its significance in
research and industry is multifaceted, influencing a broad range of applications and contributing to
technological advancements and economic efficiency. Here are some key aspects highlighting the
significance of industrial tribology research Alternative: A, B, C, D, E. Evaluation Preference: Cost ($),
Durability (hrs), Environmental Impact (scale 1-5), Wear Rate (mm3/hr). The results indicate that E Attained
the top position, while B had the lowest position achieved. “The dataset's significance regarding Industrial
Tribology, according to the MOORA Method, E achieves the highest ranking.

Key words: Coefficient of Friction, Surface Roughness, Contact Mechanics, Abrasive Wear, Adhesive Wear,
Fatigue Wear.

1. INTRODUCTION

Experiments were carried out using the MTM fretting tester to compare the friction and wear properties of materials
subjected to bi-directional sliding contact, covering both overlapping mesa and macro-regions. The test parameters
were meticulously selected to ensure identical conditions regarding By standardizing the By considering factors
such as contact pressure, displacement amplitude, materials used for the primary and counter bodies, number of
fretting cycles, and the test environment, it is anticipated that the friction and wear results will be consistent across
both experimental conditions. setups. setups [1]. Tribological energy losses are prevalent in numerous industries.
Due to the impracticality of examining each industry and process in detail, Inhofe and colleagues concentrated their
survey on Six key sectors. These sectors were chosen because they appear to experience the most significant
tribological losses and energy inefficiencies [2]. When unreinforced polymers interact with the asperities of a metal
counter face, they undergo significant deformation, altering the crystalline structure of polymers like UHMWPE and
PTFE. Small polymer particles detach and accumulate due to adhesion and mechanical interactions with the metal’s
surface marks, Forming transfer films and establishing a well-matched interface can significantly reduce wear rates
(see Fig. 8). However, in aqueous environments, the full development of a transfer film is impeded by the gradual
polishing of the counter face due to reinforcing particles like glass fiber and graphite, or when sliding occurs parallel

Copyright@ REST Publisher 39



Soniya Sriram.et.al /R EST Journal on Advances in Mechanical Engineering, 4(3), September 2025, 39-48.

to the metal surface's grinding marks.. Under these conditions, mechanical interlocking occurs. is compromised
[17The curved line beneath the lubrication regimes depicts how the friction coefficient relates to the Summerfield
number. Different automotive components depend on various lubrication modes for optimal performance and
frequently encounter multiple lubrication regimes within Journal and thrust bearings are typically engineered to
operate within the hydrodynamic lubrication regime over a single cycle, where a lubricant film keeps the bearing
surfaces separated. preventing metal-to-metal contact. However, are present. are formed. are crucial for protecting
the surfaces.[5] In their seminal textbook, Dowson and Higginson illustrated the application of Their
elastohydrodynamic line contact theory is applied to roller bearings and gears. While this theory is directly
applicable to gears due to their line contacts, it only applies strictly to needle roller bearings when it comes to roller
bearings. For the lubrication theory to be fully relevant to rolling element ball bearings, it needed to be extended to
accommodate point contacts. [7] However it has been noted the coefficient of friction increases with higher loads
(60 N). Additionally, the friction coefficient of unfilled PA 66 is higher compared to that of the 30% glass fiber-
reinforced PA 46 composite. These findings indicate that the coefficient of friction varies only slightly with
increasing load. Since Polymers are viscoelastic materials, meaning their deformation when subjected to load
exhibits both viscous and elastic characteristics. characteristics. For thermoplastics, the interfacial temperature
impacts their viscoelastic properties, affecting material stress, adhesion, and transfer behaviors. As a result, the
frictional heat generated the interaction at the interfaces is directly proportional to the applied load and sliding
velocity.[22]. Over the years, several wear mechanisms and processes, including adhesion, abrasion, delimitation,
fatigue, and corrosion, have been identified, often supported by laboratory test results. However, the specific range
of applicability for each wear process remains unclear. In many tribological applications, multiple wear mechanisms
are present, this complicates identifying the primary wear mechanism and choosing an effective solution to address
the wear.[9] Boron is essential in numerous compounds that enhance performance in various tribological systems.
Despite some health concerns associated with certain boron compounds, this should not deter further exploration
and innovation in boron-based lubrication technologies. The primary challenge remains the reduction of friction
across all lubrication regimes, and advancements in boron chemistry offer promising solutions. One approach is the
development of halogen-free boron-based ionic liquids (BILs), which show potential as novel "green™ lubricants and
additives for effective Lubrication of surfaces made from both ferrous and non-ferrous materials. [25]. The three
case studies discussed in this paper each illustrate how tribological test methods enable users to precisely simulate
actual service conditions, leading to a more accurate assessment of friction and wear properties[2] The parameters
were ranked, The study demonstrated that friction is significantly influenced by factors such as pressure, sliding
speed, and ester concentration. It suggested a scientific method for making decisions to address these effects.
Enhance the understanding of tribological behavior in deep drawing operations. It also recommended an optimal
working regime for different surface roughness conditions to manage friction during the drawing process. However,
more detailed research is needed, incorporating additional influencing parameters and system variables, to
accurately predict the optimal use of these lubricants in specific deep drawing applications. [16]. Polymer alloy
injection-molded steel hybrid disks were effectively produced without any cracking in the polymer coating, and the
polymer layer adhered well to the metal disk surface. This method facilitated the development of a new type of
hybrid gear. The initial hybrid gear featured a surface injection-molded design with a polymer alloy. Serves as a
saline for a clutch component. This hybrid gear exhibited outstanding characteristics, including wear resistance, self-
lubricating, crack-free, and quieter during rigorous vibration tests. In contrast, the uncoated gear experienced
significant wear [23]. When a state agency selects an ice melting compound for road treatment, it must weigh
multiple factors including cost, freezing point depression, and potential environmental impacts. However, it is
evident that different ice melting compounds influence the coefficient of friction between a stationary object and the
simulated concrete roadway. Each compound tested was found to increase the coefficient of friction between the
roadway and the stationary object as the ice transitions from a solid to a brine phase [2]. The first successful
industrial use of gas bearings in the UK occurred at the gaseous diffusion plant for uranium enrichment at
Capenhurst. This facility employed thousands of gas circulators to manage UFs gas, which is both radioactive and
corrosive. Consequently, there was a strong motivation to either use this gas as a lubricant for the bearings or
implement a gas-bearing seal that would permit a small amount of inert gas to leak through the seal into the
plant.[20]

2. MATERIALS AND METHODS

Multi-objective optimization, also known as multi-criteria or multi-attribute optimization, involves the simultaneous
optimization of two or more conflicting objectives within certain constraints. The MOORA (Multi-Objective
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Optimization by Ratio Analysis) method, originally proposed by Brauers, serves as a valuable technique for
addressing complex decision-making issues in the manufacturing sector. It begins with the construction of a decision
matrix that represents the performance of multiple alternatives across several attributes [4]. Except for problems
involving the NTM process selection, most applications of MOORA employ substantial amounts of quantitative
(cardinal) data in their decision matrices, thereby enhancing the reliability and stability of the analytical outcomes.

Since most referenced studies are relatively recent, it can be inferred that the MOORA method relies on up-to-date
datasets for its performance evaluation metrics. Based on these observations, the MOORA framework satisfies all
the criteria established by Brauers and Zavadskas for six distinct decision problems, confirming its robustness across
various manufacturing contexts [1]. The MOORA method, which employs dimensionless measures, comprises two
main components — the ratio system and the reference point approach — each serving to balance the other. This
methodology has also been applied to evaluate and select 15 leading housing contractors in Vilnius, Lithuania, to
meet homeowners’ requirements [3].

Similar to the SAW and COPRAS methods, MOORA is a performance-based technique within the ratio structure
framework. However, unlike SAW, MOORA does not require transforming minimization objectives into
maximization ones. Moreover, comparable to COPRAS, it manages the upscaling and downscaling of objectives
differently during the aggregation stage. While other MCDM methods address objectives through various
mechanisms, the integration process in COPRAS and MOORA remains relatively simple [6].

The MOORA method has also been utilized in a decision support system for selecting students for scholarship
programs designed to enhance academic performance. By implementing this system, decision-makers can efficiently
identify deserving students based on merit, thus promoting academic excellence [7]. Likewise, previous research
shows that multi-criteria decision analysis can be effectively applied to evaluate systems of care. The present study
aims to help maintenance managers make informed decisions to assess machine maintenance and formulate
strategies to minimize operational failures and costs [9].

In each application, the top-ranked alternative aligns precisely with earlier research findings. The MOORA method
incorporates all attributes and their respective weights, ensuring accurate evaluation of the available alternatives. It
is not only simple to understand and apply but also flexible enough to accommodate both quantitative and
qualitative criteria simultaneously. Consequently, MOORA provides an objective, transparent, and adaptable
decision-making process suitable for a wide range of selection problems [10].

With measurable outcomes serving as the foundation for comparing and selecting optimal options, MOORA proves
to be an effective tool for ranking and identifying the best alternatives among several candidates [11]. Furthermore,
integrating the MOORA method with Pythagorean Fuzzy (PF) sets has led to the development of two enhanced
MCDM algorithms capable of handling uncertainty and imprecise data. The key contributions of this research are
twofold: first, it demonstrates how MOORA can be extended into a PF environment to overcome limitations in
processing vague data; second, it enables the joint evaluation of both quantitative and qualitative information — a
common challenge in MCDM applications. The overall goal is to embed MOORA within a Pythagorean Fuzzy Set
(PFS) framework to improve decision-making under uncertainty [12].

Within the MOORA framework, rankings can be obtained with or without assigning attribute weights. It offers three
ranking variants — the ratio system, reference point, and full multiplicative approach — each yielding consistent
results. Additionally, the PSI (Preference Selection Index) method can rank factors without using weight
coefficients, producing outcomes consistent with MOORA — ranking productivity highest, flexibility intermediate,
and quality lowest [14].

This paper also includes a practical case study illustrating the implementation of the proposed approach. The
objective is to establish a clear and efficient framework for solving contemporary multi-response optimization
problems while providing a detailed, step-by-step explanation to facilitate its use in professional settings [15].
Finally, MOORA is employed to analyze bias elasticity, clarity in decision processes, and the significance of
weighting criteria across various alternatives. In this respect, MOORA enhances the execution, efficiency, and
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adaptability of decision-making within production systems, effectively distinguishing beneficial from costly
outcomes [16].

3. ANALYSIS AND DISCUSSION

TABLE 1. Industrial Tribology

- Cost Durability Environmental Wear Rate
alternative %) (hrs) Impact (scale 1-5) (mma/hr)
A 500 10,000 3 0
B 700 8,000 4 0
C 600 12,000 2 0
D 450 6,000 5 0.1
E 650 9,000 3 0

Five tribological alternatives, several key observations emerge regarding cost, durability, environmental impact, and
wear rate. Alternative C stands out with the highest durability of 12,000 hours, offering the longest operational life
among the options. It also has the lowest environmental impact score of 2, indicating a relatively lower ecological
footprint. Despite being more expensive at $600, its zero wear rates suggest high efficiency in material usage.
Alternative A is priced at $500 and provides good durability of 10,000 hours. Its environmental impact is moderate
at 3, and it boasts a zero wear rate, reflecting minimal material loss and efficiency. Alternative E, with a cost of
$650, delivers a durability of 9,000 hours and an environmental impact score similar to A at 3, also having a zero
wear rate. Conversely, Alternative B, though more costly at $700, offers lower durability of 8,000 hours and a
higher environmental impact score of 4. It also maintains a zero wear rate. Alternative D is the least expensive at
$450 but has the lowest durability at 6,000 hours and the highest environmental impact score of 5. It has a higher
wear rate of 0.1 mm3/hr, indicating greater material loss. Expensive at $450 but has the lowest durability at 6,000
hours and the highest environmental impact score of 5. It has a higher wear rate of 0.1 mmd/hr, indicating greater
material loss.
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FIGURE 1. Industrial Tribology

The bar chart in figure 1 compares various alternatives labeled A, B, C, D, and E against a dataset. The chart
consists of bars in different colors, representing different datasets or parameters, but only the blue and red bars are
visible. Here’s an interpretation of the chart based on the visible data: The x-axis represents different alternatives (A,
B, C, D, E) that could correspond to different materials, coatings, lubrication methods, or other parameters being
evaluated in an industrial tribology study. The blue bars, labeled "data set,” likely represent the baseline or initial
measurement for each alternative. These values are significantly lower compared to the red bars.
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TABLE 2. Normalized Data

Normalized Data
. Environmental Impact
Cost ($) Durability (hrs) (scale 1-5) P Wear Rate (mm?/hr)
0.3807 0.4851 0.3780 0.2697
0.5330 0.3881 0.5040 0.4045
0.4568 0.5821 0.2520 0.1348
0.3426 0.2910 0.6299 0.6742
0.4949 0.4366 0.3780 0.5394

The normalized data offers insights into the performance of five tribological alternatives across four parameters:
cost, durability, environmental impact, and wear rate. Alternative A shows a moderate cost score of 0.3807 and
durability at 0.4851. Its environmental impact is also moderate at 0.3780, while its wear rate is the lowest at 0.2697,
indicating good efficiency with minimal material loss. Alternative B has the highest cost normalization at 0.5330
and lower durability at 0.3881. Its environmental impact is the highest at 0.5040, reflecting a greater ecological
footprint. However, its wear rate is relatively low at 0.4045, suggesting efficiency in terms of material usage.
Alternative C demonstrates strong performance in durability with a score of 0.5821 and a low environmental impact
at 0.2520. It also has the lowest wear rate at 0.1348, highlighting its efficiency and minimal environmental impact
despite a moderate cost normalization of 0.4568.Alternative D is the least expensive with a normalization of 0.3426,
but it scores the lowest in durability at 0.2910 and the highest in environmental impact at 0.6299. Its wear rate is the
highest at 0.6742, suggesting potential issues with material degradation and ecological impact. Alternative E
balances cost and performance with a normalization of 0.4949 for cost and 0.4366 for durability. Its environmental
impact and wear rate are moderate, with scores of 0.3780 and 0.5394, respectively. This positions it as a middle-
ground option in terms of cost-efficiency and environmental considerations. Overall, Alternative C appears to offer
the best combination of durability, low environmental impact, and minimal wear rate, making it the most efficient
choice among the alternatives.

TABLE 3. Weight ages
Weigthages

0.25 | 025 | 0.25 | 0.25
0.25 | 025 | 0.25 | 0.25
0.25 | 0.25 | 0.25 | 0.25
0.25 ] 025 ] 0.25 | 0.25
0.25 1 0.25]0.25 | 0.25

The weight ages assigned to the evaluation parameters are uniformly distributed, each receiving an equal importance
of 0.25. This approach reflects a balanced perspective, treating each parameter—cost, durability, environmental
impact, and wear rate—as equally significant in the overall assessment of the tribological alternatives. With this
equal weighting, every parameter contributes equally to the final evaluation, ensuring that no single aspect
disproportionately influences the decision. This method is beneficial for scenarios where all factors are considered to
have the same level of importance and helps maintain objectivity in the comparison process. For instance, in
assessing alternatives with this weighting system, a lower cost would be valued as much as higher durability, while
environmental impact and wear rate would also hold equal weight. This balance allows for a comprehensive
evaluation that takes into account all relevant aspects without bias. This uniform weighting approach is particularly
useful when the decision-maker seeks a straightforward and equitable comparison, ensuring that each criterion
contributes equally to the final decision. However, it may not fully address situations where certain parameters
might be inherently more critical than others based on specific operational or strategic priorities.

TABLE 4. Weighted normalized DM
Weighted normalized DM
0.0952 | 0.1213 | 0.0945 | 0.0674
0.1332 | 0.0970 | 0.1260 | 0.1011
0.1142 | 0.1455 | 0.0630 | 0.0337
0.0857 | 0.0728 | 0.1575 | 0.1685
0.1237 | 0.1091 | 0.0945 | 0.1348
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The weighted normalized decision matrix provides a detailed evaluation of the five tribological alternatives,
incorporating equal weight ages for each parameter: cost, durability, environmental impact, and wear rate.
Alternative A scores 0.0952 for cost, 0.1213 for durability, 0.0945 for environmental impact, and 0.0674 for wear
rate. These scores suggest a moderate overall performance, with a particularly low contribution from the wear rate,
indicating efficient material usage. Alternative B shows a cost score of 0.1332, durability at 0.0970, environmental
impact at 0.1260, and wear rate at 0.1011. This alternative performs well in cost and environmental impact, but its
durability and wear rate are less impressive. Alternative C has scores of 0.1142 for cost, 0.1455 for durability,
0.0630 for environmental impact, and 0.0337 for wear rate. This alternative excels in durability and wear rate, and
also has a relatively low environmental impact, making it a strong candidate overall. Alternative D scores 0.0857 for
cost, 0.0728 for durability, 0.1575 for environmental impact, and 0.1685 for wear rate. Although it is the least
favorable in cost and durability, its high scores in environmental impact and wear rate reflect significant weaknesses
in terms of ecological footprint and material efficiency. Alternative E achieves scores of 0.1237 for cost, 0.1091 for
durability, 0.0945 for environmental impact, and 0.1348 for wear rate. This alternative offers a balanced
performance, with respectable scores across all parameters but not excelling in any particular area. In summary,
Alternative C stands out due to its superior performance in durability and wear rate, along with a low environmental
impact, making it the most balanced and efficient choice according to the weighted criteria.

TABLE 5. Assessment value
Assessment value

0.005

-0.044

-0.041

0.006

0.071

moglO|m|(>

The assessment values reflect the overall performance of the five tribological alternatives after applying the
weighted normalization. These values provide a quantitative measure of each alternative's effectiveness based on the
equal weight ages for cost, durability, environmental impact, and wear rate. Alternative A has an assessment value
of 0.0545, indicating a relatively positive performance overall. This suggests that while it may not be the top
performer in any single category, its balanced scores across the parameters contribute to a favorable valuation.
Alternative B scores 0.0031, reflecting a much lower overall effectiveness. Despite performing well in cost and
environmental impact, its lower scores in durability and wear rate diminish its overall assessment value. Alternative
C achieves a high assessment value of 0.1630, signifying the best overall performance among the alternatives. Its
strong durability and low wear rate, combined with a low environmental impact, contribute to this superior rating.
Alternative D has a negative assessment value of -0.1676, indicating it performs poorly overall. Its high
environmental impact and wear rate significantly detract from its evaluation, outweighing any potential benefits in
cost and durability. Alternative E has an assessment value of 0.0035, similar to Alternative B, suggesting modest
overall performance. It provides balanced scores but lacks strong performance in any particular area, resulting in a
lower overall assessment. In summary, Alternative C stands out with the highest assessment value, reflecting its
optimal balance of durability, low wear rate, and minimal environmental impact. Conversely, Alternative D is least
favorable due to its negative assessment value, highlighting significant weaknesses.

TABLE 6. Rank

Rank

m|g|O|m|>
RN || o|w

The ranking of the five tribological alternatives, based on their assessment values, provides a clear picture of their
relative performance. The ranking system highlights how each alternative compares when evaluated across equal-
weighted criteria: cost, durability, environmental impact, and wear rate. Alternative C ranks highest at 1, reflecting
its superior performance overall. With an assessment value of 0.1630, it excels in key areas such as durability and
wear rate, while maintaining a low environmental impact. This makes it the most balanced and effective choice
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among the alternatives. Alternative A is ranked 2, with a positive assessment value of 0.0545. It performs reasonably
well across all parameters, though it doesn’t lead in any specific category. Its consistent performance across the
board ensures a strong position in the rankings. Alternative E, ranking 3, has an assessment value of 0.0035. While it
is more balanced than Alternatives B and D, it does not excel in any particular area, resulting in a mid-level ranking.
Alternative B ranks 4, with a lower assessment value of 0.0031. Although it performs well in cost and environmental
impact, its lower durability and higher wear rate result in a less favorable overall performance. Alternative D ranks
lowest at 5, with a negative assessment value of -0.1676. It scores poorly in crucial areas like environmental impact
and wear rate, overshadowing its benefits in cost and durability. Overall, Alternative C is identified as the best
choice due to its optimal balance of performance factors, while Alternative D is the least favorable due to significant
drawbacks in key areas.

Rank

3
W Rank
2
1 I .
0 T T T T T
1 2 3 4 5 6

FIGURE 2. Rank

It seems there is a bit of confusion; the image provided was initially referred to as FIGURE 1, and now you are
referring to it as FIGURE 5. Assuming the content remains the same and focuses on ranking alternatives in
industrial tribology, here is an interpretation considering the rank based on the provided data: Ranking of
Alternatives in Industrial Tribology The bar chart in FIGURE 5 compares different alternatives labeled A, B, C, D,
and E based on a dataset. This figure ranks the alternatives according to a particular performance metric, such as
wear resistance, friction reduction, or lubrication effectiveness. The bars in blue and red represent different datasets,
with the red bars indicating higher values.

4. CONCLUSION

To accomplish such an ambitious objective, it is crucial to both anticipate emerging technological advancements and
improve existing technologies with practical solutions. Eco-teratology, with its progress in surface modification, is
considered a highly effective engineering approach that can make a significant impact on creating sustainable
societies. The sliding speed should be kept sufficiently low to prevent excessive temperature increases in the
polymers used. Such temperature raises lead to a significant increase in the friction coefficient values. The sliding
speed should be kept low enough to limit the temperature rise in the polymers. Excessive temperature increases lead
to a significant rise in the friction coefficient values. In the field of teratology, there are many organizations and
institutions operating at international, regional, and national levels. At the international level, the ITC is active, with
its members including 36 national teratology associations and organizations from 34 countries around the world.
The friction and wear properties of polymer nanocomposites depend on the dispersion of Inorganic reinforcing
nanoparticles. Evenly distributing these nanoparticles enhances wear resistance.TiO2 nanoparticles, for example,
can significantly lower both the wear rate and the friction coefficient of epoxy. However, the positive effects may
not be observed simultaneously, as they depend depending on the distribution and concentration of the nanoparticles

Copyright@ REST Publisher 45



Soniya Sriram.et.al /R EST Journal on Advances in Mechanical Engineering, 4(3), September 2025, 39-48.

[1].

12].
[3].

[4].
[5]-
[6].

(71

(8l
[9].

[10].
[11].
[12].

[13].
[14].

[15].
[16].
[17].
[18].
[19].
[20].
[21].
[22].

[23].

[24].

[25].
[26].

[27].

[28].

REFERENCES

Achanta, Satish, D. Drees, J-P. Celis, O. Mollenhauer, and F. Spiller. "A new tool for industrial tribology filling the
gap between macro-and nano-tribology." Tribotest 11, no. 2 (2004): 137-149.

Dake, L. S., J. A. Russell, and D. C. Debrodt. "A review of DOE ECUT tribology surveys." (1986): 497-501.

Allen, C., and A. Ball. "A review of the performance of engineering materials under prevalent tribological and wear
situations in South African industries." Tribology International 29, no. 2 (1996): 105-116.

Bhaumik, Shubrajit, S. Prabhu, and Kingsly Jeba Singh. "Analysis of tribological behavior of carbon nanotube based
industrial mineral gear oil 250 cSt viscosity." Advances in Tribology 2014, no. 1 (2014): 341365.

Wang, Yanqun, Z. Yang, and F. Zhang. "Author's Accepted Manuscript." J. Memb. Sci. https://doi. org/10.1016/j.
memsci 55 (2014).

Murthy, Ashwin Narasimha, Souptik Sen, and Ramesh Krishnamaneni. "Enhanced image retrieval and classification
frameworks for brain disease diagnosis using hybrid deep learning models." International Journal of Computer
Science and Information Technology Research 3, no. 1 (2022): 37-47.

Banerjee, Deepak, Vinay Kukreja, Shanmugasundaram Hariharan, and Vandana Sharma. "Fast and accurate multi-
classification of kiwi fruit disease in leaves using deep learning approach.” In 2023 International Conference on
Innovative Data Communication Technologies and Application (ICIDCA), pp. 131-137. IEEE, 2023.

Tung, Simon C., and Michael L. McMillan. "Automotive tribology overview of current advances and challenges for
the future." Tribology international 37, no. 7 (2004): 517-536.

Unal, H., U. Sen, and A. Mimaroglu. "Dry sliding wear characteristics of some industrial polymers against steel
counterface." Tribology international 37, no. 9 (2004): 727-732.

Taylor, Robert 1. "Duncan Dowson’s impact on industrial tribology." Proceedings of the Institution of Mechanical
Engineers, Part J: Journal of Engineering Tribology 235, no. 12 (2021): 2604-2611.

Sasaki, Shinya. "Environmentally friendly tribology (Eco-tribology)." Journal of Mechanical Science and
Technology 24 (2010): 67-71.

Unal, H., and F. Findik. "Friction and wear behaviours of some industrial polyamides against different polymer
counterparts under dry conditions." Industrial Lubrication and Tribology 60, no. 4 (2008): 195-200.

Jahanmir, S. "Future directions in tribology research." (1987): 207-211.

Bhuyan, Hemanta Kumar, Vinayakumar Ravi, Biswajit Brahma, and Nilayam Kumar Kamila. "Disease analysis
using machine learning approaches in healthcare system." Health and Technology 12, no. 5 (2022): 987-1005.
Holmberg, Kenneth, and Ali Erdemir. "Influence of tribology on global energy consumption, costs and
emissions.” Friction 5 (2017): 263-284.

Langlade, C., B. Vannes, M. Taillandier, and M. Pierantoni. "Fretting behavior of low-friction coatings: contribution
to industrial selection.” Tribology International 34, no. 1 (2001): 49-56.

Shah, Faiz Ullah, Sergei Glavatskih, and Oleg N. Antzutkin. "Boron in tribology: from borates to ionic
liquids." Tribology letters 51 (2013): 281-301.

Moore, Jason W. "The Capitalocene, Part I: on the nature and origins of our ecological crisis." The Journal of
peasant studies 44, no. 3 (2017): 594-630.

Moore, John C., Eric L. Berlow, David C. Coleman, Peter C. De Ruiter, Quan Dong, Alan Hastings, Nancy Collins
Johnson et al. "Detritus, trophic dynamics and biodiversity." Ecology letters 7, no. 7 (2004): 584-600.

Moore, Gordon E. "Cramming more components onto integrated circuits.” Proceedings of the IEEE 86, no. 1 (1998):
82-85.

Moore, Robert C. "Making the transition to formal proof." Educational Studies in mathematics 27, no. 3 (1994): 249-
266.

Kumar, KRN Kiran, and K. Bhavani. "Folded spined cube: new topology in interconnection networks." In 2022 6th
International Conference on Computing Methodologies and Communication (ICCMC), pp. 314-319. IEEE, 2022.
Krishnamaneni, Ramesh, A. N. Murthy, and S. Sen. "A comparative study of big data mining algorithms for early
detection of heart attack risk factors in electronic medical records.” International Journal of Computer Engineering
and Technology (IJCET) 10, no. 6 (2019): 139-154.

Harika, Janmanchi, Palavadi Baleeshwar, Kummari Navya, and Hariharan Shanmugasundaram. "A review on
artificial intelligence with deep human reasoning." In 2022 International Conference on Applied Artificial
Intelligence and Computing (ICAAIC), pp. 81-84. IEEE, 2022.

Bhuyan, Hemanta Kumar, and Chinmay Chakraborty. "Explainable machine learning for data extraction across
computational social system." IEEE transactions on computational social systems 11, no. 3 (2022): 3131-3145.
Moore, C. M., M. M. Mills, K. R. Arrigo, I. Berman-Frank, L. Bopp, P. W. Boyd, E. D. Galbraith et al. "Processes
and patterns of oceanic nutrient limitation." Nature geoscience 6, no. 9 (2013): 701-710.

Moore, Jill E., Michael J. Purcaro, Henry E. Pratt, Charles B. Epstein, Noam Shoresh, Jessika Adrian, Trupti Kawli,
Carrie A. Davis, Alexander Dobin, and Rajinder Kaul. "Expanded encyclopaedias of DNA elements in the human
and mouse genomes." Nature 583, no. 7818 (2020): 699-710.

Moore, David S. "New pedagogy and new content: The case of statistics.”" International statistical review 65, no. 2
(1997): 123-137.

Copyright@ REST Publisher 46



Soniya Sriram.et.al /R EST Journal on Advances in Mechanical Engineering, 4(3), September 2025, 39-48.

[29].
[30].
[31].
[32].

[33].

[34].

[35].

[36].
[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].

[46].
[47].

[48].

[49].

[50].
[51].
[52].

[53].

Moore, Ronald L., Alphonse C. Sterling, Hugh S. Hudson, and James R. Lemen. "Onset of the magnetic explosion in
solar flares and coronal mass ejections." The Astrophysical Journal 552, no. 2 (2001): 833.

Moore, Ben, Sebastiano Ghigna, Fabio Governato, George Lake, Thomas Quinn, Joachim Stadel, and Paolo Tozzi.
"Dark matter substructure within galactic halos." The Astrophysical Journal 524, no. 1 (1999): L19.

Anand, Ankush, Mir Irfan Ul Hag, Ankush Raina, Karan Vohra, Rajiv Kumar, and Sanjay Mohan Sharma. "Natural
Systems and Tribology-Analogies and Lessons." Materials Today: Proceedings 4, no. 4 (2017): 5228-5232.
Langlade, C., B. Vannes, M. Taillandier, and M. Pierantoni. "Fretting behavior of low-friction coatings: contribution
to industrial selection." Tribology International 34, no. 1 (2001): 49-56.

Banerjee, Deepak, Vinay Kukreja, Shanmugasundaram Hariharan, and Vishal Jain. "Enhancing mango fruit disease
severity assessment with cnn and svm-based classification." In 2023 IEEE 8th international conference for
convergence in technology (I12CT), pp. 1-6. IEEE, 2023.

Chakraborty, Chinmay, Kaushik Mishra, Santosh Kumar Majhi, and Hemanta Kumar Bhuyan. "Intelligent latency-
aware tasks prioritization and offloading strategy in distributed fog-cloud of things." IEEE Transactions on
Industrial Informatics 19, no. 2 (2022): 2099-2106.

Haris, AA Ahamed, E. S. Vinothkumar, N. Nithya, Neelam Sharma, and B. Gayathri. "Exploring the Efforts of IAN-
BGRU Justifications in Food Recommender System and its User Preferences.” In 2023 International Conference on
Self Sustainable Artificial Intelligence Systems (ICSSAS), pp. 847-852. IEEE, 2023.

Kakulavaram, Sridhar. "Life Insurance Customer Prediction and Sustainbility Analysis Using Machine Learning
Techniques." International Journal of Intelligent Systems and Applications in Engineering 10 (2022).

Shah, Faiz Ullah, Sergei Glavatskih, and Oleg N. Antzutkin. "Boron in tribology: from borates to ionic
liquids." Tribology letters 51 (2013): 281-301.

Peng, De-Xing, Cheng-Hsien Chen, Yuan Kang, Yeon-Pun Chang, and Shi-Yan Chang. "Size effects of SiO2
nanoparticles as oil additives on tribology of lubricant." Industrial Lubrication and Tribology 62, no. 2 (2010): 111-
120.

Barnes, C. J., T. H. C. Childs, B. Henson, and C. H. Southee. "Surface finish and touch—a case study in a new
human factors tribology." Wear 257, no. 7-8 (2004): 740-750.

Nielsen, Peter Sge, Kasper Storgaard Friis, and Niels Bay. "Testing and modelling of new tribo-systems for
industrial sheet forming of stainless steels." Proceedings of the Institution of Mechanical Engineers, Part J: Journal
of Engineering Tribology 225, no. 10 (2011): 1036-1047.

Mohan, VakaMurali, MalliKarjuna Reddy, and KRN Kiron Kumar. "A New Approach to Optical Networks
Security: Attack-Aware Routing and Wavelength Assignment.” In IJCA Special Issues on “2nd National
Conference-Computing, Communication and Sensor Network” CCSN. 2011.

Chakraborty, R., S. Sen, M. Kurni, A. N. Murthy, and R. Krishnamaneni. "A Novel Framework for Enhancing
Speech Pattern Recognition for Early Detection of Alzheimer’s Disease Using machine learning
Approach." International Journal of Intelligent Systems and Applications in Engineering 12 (2024): 421-428.
Banerjee, Deepak, Vinay Kukreja, Shanmugasundaram Hariharan, and Vandana Sharma. "Precision agriculture:
classifying banana leaf diseases with hybrid deep learning models.” In 2023 IEEE 8th International Conference for
Convergence in Technology (12CT), pp. 1-5. IEEE, 2023.

Bhuyan, Hemanta Kumar, Chinmay Chakraborty, Subhendu Kumar Pani, and Vinayakumar Ravi. "Feature and
subfeature selection for classification using correlation coefficient and fuzzy model.” IEEE Transactions on
Engineering Management 70, no. 5 (2021): 1655-1669.

Bharti, Rajendra Kumar, D. Suganthi, S. K. Abirami, Relangi Anil Kumar, B. Gayathri, and S. Kayathri. "Optimal
extreme learning machine based traffic congestion control system in vehicular network." In 2022 6th International
Conference on Electronics, Communication and Aerospace Technology, pp. 597-603. IEEE, 2022.

Kakulavaram, Sridhar. "Artificial Intelligence-Driven Frameworks for Enhanced Risk Management in Life
Insurance.” Journal of Computational Analysis and Applications 33, no. 8 (2024).

Kanumarlapudi, P. K. "Improving Data Market Implementation Using Gray Relational Analysis in Decentralized
Environments." Journal of Artificial intelligence and Machine Learning 2, no. 1 (2024): 1-7.

Peram, S. R. "Advanced Network Traffic Visualization and Anomaly Detection Using PCA-MDS Integration and
Histogram Gradient Boosting Regression." Journal of Artificial Intelligence and Machine Learning 1, no. 3 (2023):
281.

Praveen Kumar Kanumarlapudi, "Enhancing Generative Al Shopping Assistants through Advanced Multi-Attribute
Decision Making Technique." Journal of Artificial Intelligence and Machine Learning, 3(2), (2025): 1-7. DOI:
10.55124/jaim.v3i2.267.

Jackson, A., and M. N. Webster. "The role of tribology research in the development of advanced lubricants.”
In Tribology Series, vol. 41, pp. 439-448. Elsevier, 2003.

Halling, J. "The tribology of surface coatings, particularly ceramics." Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical Engineering Science 200, no. 1 (1986): 31-40.

Nair, Rahul Premachandran, Drew Griffin, and Nicholas X. Randall. "The use of the pin-on-disk tribology test
method to study three unique industrial applications." Wear 267, no. 5-8 (2009): 823-827.

Hussain, Abrar, Vitali Podgursky, Maksim Antonov, Mart Viljus, and Dmitri Goljandin. "TiCN coating tribology for
the circular economy of textile industries.” Journal of Industrial Textiles 51, no. 5_suppl (2022): 8947S-8959S.

Copyright@ REST Publisher 47



Soniya Sriram.et.al /R EST Journal on Advances in Mechanical Engineering, 4(3), September 2025, 39-48.

[54].
[55].
[56].
[57].

[58].

[59].
[60].

[61].

[62].

[63].
[64].
[65].

[66].

Huang, Jigang, Jun Tan, Hui Fang, Feng Gong, and Jie Wang. "Tribological and wear performances of graphene-oil
nanofluid under industrial high-speed rotation.” Tribology International 135 (2019): 112-120.

Briihl, Sonia Patricia, Amado Cabo, Walter Tuckart, and German Prieto. "Tribological behaviour of nitrided and
nitrocarburized carbon steel used to produce engine parts.” Industrial lubrication and tribology 68, no. 1 (2016): 125-
133.

Roberts, W. H. "Tribology in nuclear power generation." TRIBOLOGY international 14, no. 1 (1981): 17-28.
Dattatraya Bachchhav, Bhanudas, Geeta S. Lathkar, and Harijan Bagchi. "Tribology of drawing lubricants for low
carbon steel.” Industrial Lubrication and Tribology 66, no. 6 (2014): 640-644.

Nozawa, Jun-ichi, Junko Suda, Azizul Helmi Bin Sofian, Hiroshi Hagiwara, Hiroshi Suda, Takahiko Kawai, Tadashi
Komoto, and Hiroyuki Kumehara. "Tribology of polymer injection-molded stainless steel hybrid gear." Wear 266,
no. 7-8 (2009): 639-645.

Rani, Dr V. Vasudha, D. Vasavi, and K. Kumar. "Significance of multilayer perceptron model for early detection of
diabetes over ml methods." J. Univ. Shanghai Sci. Technol 23, no. 08 (2021): 148-160.

Prabhakara, T., V. Vidyasagar, and I. Naga. "Deep Long and Short Term Memory with Tunicate Swarm Algorithm
for Skin Disease Detection and Classification." J. Electrical Systems 20, no. 7s (2024): 613-624.

Ramprasath, Muthukrishnan, M. Vijay Anand, and Shanmugasundaram Hariharan. "Image classification using
convolutional neural networks." International Journal of Pure and Applied Mathematics 119, no. 17 (2018): 1307-
13109.

Chandrasekar Raja, M. Ramachandran, Vimala Saravanan, Manjulaselvam, "Improving Fault-Tolerance in Nano-
Computing Circuits Through Design Optimization Using the Electric Method", REST Journal on Data Analytics and
Artificial Intelligence, 4(2), June 2025, 94-108.

Bhuyan, Hemanta Kumar, Chinmay Chakraborty, Yogesh Shelke, and Subhendu Kumar Pani. "COVID-19 diagnosis
system by deep learning approaches.” Expert Systems 39, no. 3 (2022): e12776.

Gayathri, B. "Green cloud computing.” In IET Chennai 3rd International Conference on Sustainable Energy and
Intelligent Systems (SEISCON 2012), pp. 114-118. Stevenage UK: IET, 2012.

Ballamudi, S. "Enhancing Generative Al Shopping Assistants through Advanced Multi-Attribute Decision Making
Technique." Journal of Business Intelligence and Data Analytics 1, no. 2 (2024): 1-12.

Peram, S. R. "Automated Label Detection and Recommendation System Using Deep Convolution Neural Networks
and SPSS-Based Evaluation.” International Journal of Computer Science and Data Engineering 1, no. 2 (2024):
258.

Copyright@ REST Publisher 48



