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In the present investigation, the 304 austenitic stainless steel has

been strained up to 0% and 15% reduction in thickness, and

analysis has been done with the help of X-ray diffraction (XRD) and

microstructure. In 304 austenitic stainless steel (ASS) the

microstructure through optical as well as scanning electron

microscope 9SEM) has been studied at various thermal aging

temperatures with and without strained at 0% and 15%. X-Ray

diffraction results show that as stacking fault energy is greater with

an increase in straining from 0% to 15%, 304 ASS seems to be

deformed more quickly, resulting in a fast conversion to strain

induced martensite from austenite. The XRD data also show that a

higher percentage of martensite was produced. Microstructure

results indicated that due to straining and high temperature heat

treatment of 950°C-1000°C, small refined grains of new austenite

formed which became the main reason for high strength and

ductility. However other side shows that at a common temperature

of 850°C-900°C, according to a microstructural study, the

martensitic areas are an ideal source for increasing sensitization.

Topics

Crystallographic defects, Alloys, Mechanical properties,

Scanning electron microscopy, X-ray diffraction

Yogesh G. Joshi; Santosh Jaju; Sourabh Shukla ; Pranav Charkha;
Atul Dhakne

12/11/24, 10:47 AM Effect of straining on heat treated 304 austenitic stainless steel | AIP Conference Proceedings | AIP Publishing

https://pubs.aip.org/aip/acp/article-abstract/3139/1/020003/3306817/Effect-of-straining-on-heat-treated-304-austenitic?redirectedFrom=fulltext 1/6

javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.1063/5.0224438
https://pubs.aip.org/acp/search-results?page=1&tax=P3428P1170
https://pubs.aip.org/acp/search-results?page=1&tax=P3428P190
https://pubs.aip.org/acp/search-results?page=1&tax=P3428P3453
https://pubs.aip.org/acp/search-results?page=1&tax=P3428P5299
https://pubs.aip.org/acp/search-results?page=1&tax=P3428P6603
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;


REFERENCES
1. M.B. Cortie, D. Wellbeloved, M. Kincer, and R.A. Lula,
Experimental Austenitic Stainless Steels Containing 7% Mn, 2%
Ni and up to 4% Cu, Proc. ASM Conf: High Manganese, High
Nitrogen Austenitic Steels, R.A. Lula, Ed. (Chicago), 1992, p
177–185.
Google Scholar  

2. R. Franks, W.O. Binder, and J. Thompson, Austenitic
Chromium Manganese-Nickel Steels Containing Nitrogen, Trans.
ASM, 1955, 47, p 231–266
Google Scholar  

3. U.R. Lenel and B.R. Knott, Structure and Properties of
Corrosion and Wear Resistant Cr-Mn-N Steels, Metall. Trans. A,
1987, 18A, p 847–855 https://doi.org/10.1007/BF02646926
Google Scholar  

4. G.A. Sands and M.B. Keady, How the 200 Series Compares
with 18-8 Stainless Steel, Mater. Des. Eng., 1985, 47, p 120–123
Google Scholar  

5. B.M. Gonzales, C.S.B. Castro, V.T.L. Buono, J.M.C. Vilela,
M.S. Andrade, J.M.D. Moraes, and M.J. Mantel, The Influence of
Copper Addition on the Formability of AISI, 304 Stainless Steel,
Mater. Sci. Eng. A, 2003, 343, p 51–56
https://doi.org/10.1016/S0921-5093(02)00362-3
Google Scholar  

6. G.B. Olson and M. Cohen, Kinetics of Strain-Induced
Martensite Nucleation, Metall. Trans. A, 1975, 6A(4), p
791–7957. https://doi.org/10.1007/BF02672301
Google Scholar  

7. W.O. Binder, The Martensitic Transformation in Single
Crystals of Fe-Cr-Ni Alloys, Met. Prog., 1950, 58, p 201–207.
Google Scholar  

8. B. Cina, Effect of Cold Work on the c fi a Transformation in
Some Fe-Cr-Ni Alloys, J. Iron Steel Inst., 1954, 177, p 406–422
Google Scholar  

9. V. Mertinger, E. Nagy, F. Tranta, and J. Sólyom, Strain-
Induced Martensitic Transformation in Textured Austenitic

12/11/24, 10:47 AM Effect of straining on heat treated 304 austenitic stainless steel | AIP Conference Proceedings | AIP Publishing

https://pubs.aip.org/aip/acp/article-abstract/3139/1/020003/3306817/Effect-of-straining-on-heat-treated-304-austenitic?redirectedFrom=fulltext 2/6

https://scholar.google.com/scholar_lookup?title=Experimental%20Austenitic%20Stainless%20Steels%20Containing%207%25%20Mn%2C%202%25%20Ni%20and%20up%20to%204%25%20Cu&author=M.B.%20Cortie&author=D.%20Wellbeloved&author=M.%20Kincer&author=R.A.%20Lula&publication_year=1992&journal=Proc.%20ASM%20Conf%3A%20High%20Manganese%2C%20High%20Nitrogen%20Austenitic%20Steels&volume=&pages=177-185
https://scholar.google.com/scholar_lookup?title=Austenitic%20Chromium%20Manganese-Nickel%20Steels%20Containing%20Nitrogen&author=R.%20Franks&author=W.O.%20Binder&author=J.%20Thompson&publication_year=1955&journal=Trans.%20ASM&volume=47&pages=231-266
https://doi.org/10.1007/BF02646926
https://scholar.google.com/scholar_lookup?title=Structure%20and%20Properties%20of%20Corrosion%20and%20Wear%20Resistant%20Cr-Mn-N%20Steels&author=U.R.%20Lenel&author=B.R.%20Knott&publication_year=1987&journal=Metall.%20Trans.%20A&volume=18A&pages=847-855
https://scholar.google.com/scholar_lookup?title=How%20the%20200%20Series%20Compares%20with%2018-8%20Stainless%20Steel&author=G.A.%20Sands&author=M.B.%20Keady&publication_year=1985&journal=Mater.%20Des.%20Eng.&volume=47&pages=120-123
https://doi.org/10.1016/S0921-5093(02)00362-3
https://scholar.google.com/scholar_lookup?title=The%20Influence%20of%20Copper%20Addition%20on%20the%20Formability%20of%20AISI%2C%20304%20Stainless%20Steel&author=B.M.%20Gonzales&author=C.S.B.%20Castro&author=V.T.L.%20Buono&author=J.M.C.%20Vilela&author=M.S.%20Andrade&author=J.M.D.%20Moraes&author=M.J.%20Mantel&publication_year=2003&journal=Mater.%20Sci.%20Eng.%20A&volume=343&pages=51-56
https://doi.org/10.1007/BF02672301
https://scholar.google.com/scholar_lookup?title=Kinetics%20of%20Strain-Induced%20Martensite%20Nucleation&author=G.B.%20Olson&author=M.%20Cohen&publication_year=1975&journal=Metall.%20Trans.%20A&volume=6A&pages=791-7957
https://scholar.google.com/scholar_lookup?title=The%20Martensitic%20Transformation%20in%20Single%20Crystals%20of%20Fe-Cr-Ni%20Alloys&author=W.O.%20Binder&publication_year=1950&journal=Met.%20Prog.&volume=58&pages=201-207
https://scholar.google.com/scholar_lookup?title=Effect%20of%20Cold%20Work%20on%20the%20c%20fi%20a%20Transformation%20in%20Some%20Fe-Cr-Ni%20Alloys&author=B.%20Cina&publication_year=1954&journal=J.%20Iron%20Steel%20Inst.&volume=177&pages=406-422


Stainless Steels, Mater. Sci. Eng. A, 2007, 481–482, p 718–722
https://doi.org/10.1016/j.msea.2007.02.165
Google Scholar  

10. H. Takuda, K. Mori, T. Masachika, E. Yamazaki, and Y.
Watanabe, Finite Element Analysis of the Formability of an
Austenitic Stainless-Steel Sheet in Warm Deep Drawing, J.
Mater. Process. Technol., 2003, 143–144, p 242–248
https://doi.org/10.1016/S0924-0136(03)00348-0
Google Scholar  

11. R.E. Stoltz and J.B. Vander Sande, The Effect of Nitrogen
on the Stacking Fault Energy of Fe-Cr-Ni-Mn Steels, Metall.
Trans. A, 1980, 11A, p 1033–1037
https://doi.org/10.1007/BF02654717
Google Scholar  

12. R. Beltran, J. G. Maldonado, L. E. Murr and W. W. Fisher,
Effects of strain and grain size on carbide precipitation and
corrosion sensitization behavior in 304 stainless steel, Acta
Mater., 1997, 45 (10), p 4351–4360.
https://doi.org/10.1016/S1359-6454(97)00106-7
Google Scholar  

13. J. Rawers, and M. Grujicic, Effects of metal composition and
temperature on the yield strength of nitrogen strengthened
stainless steels, Mater. Sci. Eng. A, 1996, 207 (2), 188–194.
https://doi.org/10.1016/0921-5093(95)10031-8
Google Scholar  

14. B. Bhav Singh, K. Sivakumar, and T. Balakrishna Bhat,
Effect of cold rolling on mechanical properties and ballistic
performance of nitrogen-alloyed austenitic steels, Int. J. Impact
Eng., 2009, 36 (4), p 611–620.
https://doi.org/10.1016/j.ijimpeng.2008.07.082
Google Scholar  

15. Mohd Talha, C.K. Behera, and O.P. Sinha, Effect of nitrogen
and cold working on structural and mechanical behavior of Ni-
free nitrogen containing austenitic stainless steels for biomedical
applications, Mater. Sci. Eng. C, 2015, 47, p 196–203.
https://doi.org/10.1016/j.msec.2014.10.078
Google Scholar  

12/11/24, 10:47 AM Effect of straining on heat treated 304 austenitic stainless steel | AIP Conference Proceedings | AIP Publishing

https://pubs.aip.org/aip/acp/article-abstract/3139/1/020003/3306817/Effect-of-straining-on-heat-treated-304-austenitic?redirectedFrom=fulltext 3/6

https://doi.org/10.1016/j.msea.2007.02.165
https://scholar.google.com/scholar_lookup?title=Strain-Induced%20Martensitic%20Transformation%20in%20Textured%20Austenitic%20Stainless%20Steels&author=V.%20Mertinger&author=E.%20Nagy&author=F.%20Tranta&author=J.%20S%C3%B3lyom&publication_year=2007&journal=Mater.%20Sci.%20Eng.%20A&volume=481%E2%80%93482&pages=718-722
https://doi.org/10.1016/S0924-0136(03)00348-0
https://scholar.google.com/scholar_lookup?title=Finite%20Element%20Analysis%20of%20the%20Formability%20of%20an%20Austenitic%20Stainless-Steel%20Sheet%20in%20Warm%20Deep%20Drawing&author=H.%20Takuda&author=K.%20Mori&author=T.%20Masachika&author=E.%20Yamazaki&author=Y.%20Watanabe&publication_year=2003&journal=J.%20Mater.%20Process.%20Technol.&volume=143%E2%80%93144&pages=242-248
https://doi.org/10.1007/BF02654717
https://scholar.google.com/scholar_lookup?title=The%20Effect%20of%20Nitrogen%20on%20the%20Stacking%20Fault%20Energy%20of%20Fe-Cr-Ni-Mn%20Steels&author=R.E.%20Stoltz&author=J.B.%20Vander%20Sande&publication_year=1980&journal=Metall.%20Trans.%20A&volume=11A&pages=1033-1037
https://doi.org/10.1016/S1359-6454(97)00106-7
https://scholar.google.com/scholar_lookup?title=Effects%20of%20strain%20and%20grain%20size%20on%20carbide%20precipitation%20and%20corrosion%20sensitization%20behavior%20in%20304%20stainless%20steel&author=R.%20Beltran&author=J.%20G.%20Maldonado&author=L.%20E.%20Murr&author=W.%20W.%20Fisher&publication_year=1997&journal=Acta%20Mater.&volume=45&pages=4351-4360
https://doi.org/10.1016/0921-5093(95)10031-8
https://scholar.google.com/scholar_lookup?title=Effects%20of%20metal%20composition%20and%20temperature%20on%20the%20yield%20strength%20of%20nitrogen%20strengthened%20stainless%20steels&author=J.%20Rawers&author=M.%20Grujicic&publication_year=1996&journal=Mater.%20Sci.%20Eng.%20A&volume=207&pages=188-194
https://doi.org/10.1016/j.ijimpeng.2008.07.082
https://scholar.google.com/scholar_lookup?title=Effect%20of%20cold%20rolling%20on%20mechanical%20properties%20and%20ballistic%20performance%20of%20nitrogen-alloyed%20austenitic%20steels&author=B.%20Bhav%20Singh&author=K.%20Sivakumar&author=T.%20Balakrishna%20Bhat&publication_year=2009&journal=Int.%20J.%20Impact%20Eng.&volume=36&pages=611-620
https://doi.org/10.1016/j.msec.2014.10.078
https://scholar.google.com/scholar_lookup?title=Effect%20of%20nitrogen%20and%20cold%20working%20on%20structural%20and%20mechanical%20behavior%20of%20Ni-free%20nitrogen%20containing%20austenitic%20stainless%20steels%20for%20biomedical%20applications&author=Mohd%20Talha&author=C.K.%20Behera&author=O.P.%20Sinha&publication_year=2015&journal=Mater.%20Sci.%20Eng.%20C&volume=47&pages=196-203


16. V. Kain, K. Chandra, K.N. Adhe, and P.K. De, Effect of cold
work on low-temperature sensitization behaviour of austenitic
stainless steels, J Nucl Mater, 2004, 334 (2-3), p 115–132.
https://doi.org/10.1016/j.jnucmat.2004.05.008
Google Scholar  

17. R.V. Taiwade, A.P. Patil, S.J. Patre, and R.K. Dayal, Effect
of Solution Annealing on Susceptibility to Intercrystalline
Corrosion of Stainless Steel with 20% Cr and 8% Ni, J Mater
Eng Perform, 2012, 22 (6), p 1716–1728.
https://doi.org/10.1007/s11665-012-0467-x
Google Scholar  

18. Amar K. Dea, David C. Murdockb, Martin C. Matayac, John
G. Speera, and David K. Matlocka, Quantitative measurement of
deformation-induced martensite in 304 stainless steel by X-ray
diffraction, Scr Mater, 2004, 50 (12), p 1445–1449.
https://doi.org/10.1016/j.scriptamat.2004.03.011
Google Scholar  

19. M. du Toit and H.G. Steyn, Comparing the Formability of
AISI 304 and AISI 202 Stainless Steels, JMEPEG (2012)
21:1491–1495. https://doi.org/10.1007/s11665-011-0044-8
Google Scholar  

20. S Shukla, AP Patil, A. Kawale, AB Kotta, I. Ullah, Effect of
recrystallization on degree of sensitization in nickel free
austenitic stainless steel, 2021, Anti-Corrosion Methods and
Materials.
Google Scholar  

21. S. Shukla, AP Patil, A. Bansod, The Effect of Reversion of
Strain-Induced Martensite (SIM) and Grain Refinement on the
Intergranular Corrosion of High Mn Steel, 2022, Corrosion 77
(11), 1233–1245. https://doi.org/10.5006/3778
Google Scholar  

22. S Shukla, AP Patil, A Bansod, The Effect of Cold Work and
Thermal Aging on Intergranular and Transgranular Corrosion
Failure of High Manganese Austenitic Stainless Steel, Journal of
Materials Engineering and Performance, 2022, 1–17.
Google Scholar  

12/11/24, 10:47 AM Effect of straining on heat treated 304 austenitic stainless steel | AIP Conference Proceedings | AIP Publishing

https://pubs.aip.org/aip/acp/article-abstract/3139/1/020003/3306817/Effect-of-straining-on-heat-treated-304-austenitic?redirectedFrom=fulltext 4/6

https://doi.org/10.1016/j.jnucmat.2004.05.008
https://scholar.google.com/scholar_lookup?title=Effect%20of%20cold%20work%20on%20low-temperature%20sensitization%20behaviour%20of%20austenitic%20stainless%20steels&author=V.%20Kain&author=K.%20Chandra&author=K.N.%20Adhe&author=P.K.%20De&publication_year=2004&journal=J%20Nucl%20Mater&volume=334&pages=115-132
https://doi.org/10.1007/s11665-012-0467-x
https://scholar.google.com/scholar_lookup?title=Effect%20of%20Solution%20Annealing%20on%20Susceptibility%20to%20Intercrystalline%20Corrosion%20of%20Stainless%20Steel%20with%2020%25%20Cr%20and%208%25%20Ni&author=R.V.%20Taiwade&author=A.P.%20Patil&author=S.J.%20Patre&author=R.K.%20Dayal&publication_year=2012&journal=J%20Mater%20Eng%20Perform&volume=22&pages=1716-1728
https://doi.org/10.1016/j.scriptamat.2004.03.011
https://scholar.google.com/scholar_lookup?title=Quantitative%20measurement%20of%20deformation-induced%20martensite%20in%20304%20stainless%20steel%20by%20X-ray%20diffraction&author=Amar%20K.%20Dea&author=David%20C.%20Murdockb&author=Martin%20C.%20Matayac&author=John%20G.%20Speera&author=David%20K.%20Matlocka&publication_year=2004&journal=Scr%20Mater&volume=50&pages=1445-1449
https://doi.org/10.1007/s11665-011-0044-8
https://scholar.google.com/scholar_lookup?title=Comparing%20the%20Formability%20of%20AISI%20304%20and%20AISI%20202%20Stainless%20Steels&author=M.%20du%20Toit&author=H.G.%20Steyn&publication_year=2012&journal=JMEPEG&volume=21&pages=1491-1495
https://scholar.google.com/scholar_lookup?title=Effect%20of%20recrystallization%20on%20degree%20of%20sensitization%20in%20nickel%20free%20austenitic%20stainless%20steel&author=S%20Shukla&author=AP%20Patil&author=A.%20Kawale&author=AB%20Kotta&author=I.%20Ullah&publication_year=2021&journal=Anti-Corrosion%20Methods%20and%20Materials.&volume=&pages=
https://doi.org/10.5006/3778
https://scholar.google.com/scholar_lookup?title=The%20Effect%20of%20Reversion%20of%20Strain-Induced%20Martensite%20%28SIM%29%20and%20Grain%20Refinement%20on%20the%20Intergranular%20Corrosion%20of%20High%20Mn%20Steel&author=S.%20Shukla&author=AP%20Patil&author=A.%20Bansod&publication_year=2022&journal=Corrosion&volume=77&pages=1233-1245
https://scholar.google.com/scholar_lookup?title=The%20Effect%20of%20Cold%20Work%20and%20Thermal%20Aging%20on%20Intergranular%20and%20Transgranular%20Corrosion%20Failure%20of%20High%20Manganese%20Austenitic%20Stainless%20Steel&author=S%20Shukla&author=AP%20Patil&author=A%20Bansod&publication_year=2022&journal=Journal%20of%20Materials%20Engineering%20and%20Performance&volume=&pages=1-17


23. S Shukla, AP Patil, AP Kawale, SK Singh, MA Thombre,
Effect of thermal ageing and deformation on microstructural
evolution of 304 and 202 grade steel, 2021, Materials Today:
Proceedings 38, 3238–3245.

24. S Shukla, AP Patil, AV Bansod, V Tandon, Effect of cold
work and thermal ageing on corrosion and mechanical behavior
of Cr-Mn ASS, 2019, Materials Today: Proceedings 5 (9),
17769–17777.

25. S Shukla, AP Patil, A Bansod, Effect of thermal aging on
IGC of cold worked Cr-Mn austenitic stainless steel, 2019, Anti-
Corrosion Methods and Materials.

26. Jaju, S.B., Charkha, P.G., Kale, M., Gas metal arc welding
process parameter optimization for AA7075 T6, Journal of
Physics: Conference Series 1913 (1), 2021
Google Scholar  

27. Charkha, P.G., Jaju, S.B., Analysis & optimization of
connecting rod, 2nd International Conference on Emerging
Trends in Engineering and Technology, ICETET 2009, pp.86,
2009.
Google Scholar  

This content is only available via PDF.

© 2024 Author(s). Published under an exclusive license by AIP Publishing.

You do not currently have access to this content.

Pay-Per-View Access
$40.00

 BUY THIS ARTICLE

12/11/24, 10:47 AM Effect of straining on heat treated 304 austenitic stainless steel | AIP Conference Proceedings | AIP Publishing

https://pubs.aip.org/aip/acp/article-abstract/3139/1/020003/3306817/Effect-of-straining-on-heat-treated-304-austenitic?redirectedFrom=fulltext 5/6

https://scholar.google.com/scholar_lookup?title=Gas%20metal%20arc%20welding%20process%20parameter%20optimization%20for%20AA7075%20T6&author=S.B.%20Jaju&author=P.G.%20Charkha&author=M.%20Kale&publication_year=2021&journal=Journal%20of%20Physics%3A%20Conference%20Series&volume=1913&pages=
https://scholar.google.com/scholar_lookup?title=Analysis%20%26%20optimization%20of%20connecting%20rod&author=P.G.%20Charkha&author=S.B.%20Jaju&publication_year=2009&journal=&volume=&pages=86
https://pubs.aip.org/store/add/3306817/3


Reset password
Register

Sign In
Username

Password

Sign in via your Institution

12/11/24, 10:47 AM Effect of straining on heat treated 304 austenitic stainless steel | AIP Conference Proceedings | AIP Publishing

https://pubs.aip.org/aip/acp/article-abstract/3139/1/020003/3306817/Effect-of-straining-on-heat-treated-304-austenitic?redirectedFrom=fulltext 6/6

https://pubs.aip.org/my-account/reset-password
https://pubs.aip.org/my-account/register?siteId=1000005&returnUrl=https%3a%2f%2fpubs.aip.org%2faip%2facp%2farticle-abstract%2f3139%2f1%2f020003%2f3306817%2fEffect-of-straining-on-heat-treated-304-austenitic%3fredirectedFrom%3dfulltext
https://pubs.aip.org/institutional-login?returnUrl=https%3a%2f%2fpubs.aip.org%2faip%2facp%2farticle-abstract%2f3139%2f1%2f020003%2f3306817%2fEffect-of-straining-on-heat-treated-304-austenitic%3fredirectedFrom%3dfulltext


Thermal Science and Engineering Progress
Volume ��, � February ����, ������

Performance investigation of vapor
compression refrigeration system using novel
amine treated graphene quantum dots based
nanosuspension

Yogesh G. Joshi , Dinesh R. Zanwar , Sandeep S. Joshi , Vinit Gupta 

Show more

https://doi.org/��.����/j.tsep.����.������

Get rights and content

Highlights

• This work focuses on a detailed experimental study of amine-treated

graphene quantum dots (AGQD) based polyalkylene glycol (PAG)

lubricant oil in a vapor compression refrigeration (VCR) system.

• Critical thermophysical properties of AGQD-PAG based

nanosuspension are studied such as thermal conductivity, specific

heat, density and viscosity using both mathematical models and

experimental investigations.

• This AGQD-PAG based nanosuspension is further utilized in VCR cycle

to analyze the effect on the coefficient of performance (COP), power
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consumption, mass flow rate, compressor discharge pressure, vapor

quality, evaporator pressure, pressure drop and pull-down time.

• The study has established that AGQD-PAG based nanosuspension

improves all the above mentioned refrigeration properties.

Abstract

In this work, the performance parameters of the vapor compression refrigeration system are

investigated using novel amine treated graphene quantum dots-(AGQD) based

nanosuspension. The experimentation is carried out in two phases. In the first phase, the

synthesis of AGQD based nanosuspension along with the evaluation of thermophysical

properties such as thermal conductivity, specific heat, density and viscosity is carried out.

The AGQD nanosuspension is synthesized by mixing it in polyalkylene glycol (PAG)

refrigeration oil with a concentration of 100 ppm, 200 ppm, and 500 ppm. The experimental

result showed that the use of AGQD nanoparticles significantly enhances the thermal

conductivity of the PAG lubricant oil with corresponding decrease in specific heat along

with minimal enhancement in density and viscosity. The results are also validated with the

corresponding mathematical models. In the second phase of the experimentation, the

performance parameters of vapor compression refrigeration system are investigated by

incorporating synthesized nanosuspension. The experiment is carried out using varying

masses of 160 g, 180 g, and 200 g of R134a refrigerant. Each mass of refrigerant is

investigated with all three different AGQD-PAG based nanosuspension in the refrigeration

system. The performance parameters such as COP, power consumption, mass flow rate,

compressor discharge pressure, vapor quality, evaporator pressure, pressure drop and pull

down time of vapor compression refrigeration system are experimentally investigated and

validated with mathematical models. The highest COP of 2.76 along with 27.36 % of lower

power consumption is noted by using 200 g of R134 refrigerant with 500 ppm of AGQD-PAG

based nanosuspension.

Introduction

The use of nanomaterial to improve the thermal system has been studied by researchers for

the last two decades. The overall objective to incorporate any nanomaterial in the system is

to obtain sustainable efficiency of the system. Among all the thermal system sectors, the

refrigeration sector consumes much electrical energy. As per the current report of IIR, the
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refrigeration sector consumed 17 % of worldwide electricity[1]. The report also estimated

that nearly 3 billion different units of refrigeration system are in use and the global sales of

these units are about 300 million USD. At the current rate of consumption, it is estimated

that by 2050 almost 5 billion units will be in operation[1]. Such high consumption of

different refrigeration systems have caused a significant impact on the environment.

According to the IIR report of 2017, almost 7.8 % of the total greenhouse gas emission is due

to power requirements of the refrigeration sector[1].

To reduce the impact of such huge consumption, researchers have modified the

refrigeration system from time to time. Developments such as the use of dual evaporator

techniques[2], cascade refrigeration [3], use of microchannel heat exchanger [4], use of

magnetic field [5] and the use of nanofluid [6] have already been experimented. Among all

the developments, the use of nanomaterial is found to enhance the efficiency of the

different types of the refrigeration system. The nanomaterial is utilized in different

refrigeration systems such as vapor compression refrigeration [7], [8], vapor absorption

refrigeration[9], ejector refrigeration [10], solar-powered refrigeration [11], cascade

refrigeration [12] etc., and have shown better COP enhancement compared to the

conventional system. Among all such types of refrigeration system, vapor compression

refrigeration system is largely utilized worldwide. This being the reason why most of the

nanomaterials have been tested in vapor compression refrigeration systems.

In a vapor compression refrigeration system, the nanomaterial has been incorporated by

converting it into nanosuspension. In most cases, the base fluid utilized for the

nanosuspension is the compressor lubricant oil of the refrigeration system. The convective

heat transfer gain in lubricant oil by the use of nanomaterial improves the heat extraction

rate of an evaporator, which tends to increase the overall COP of the system [13], [14]. As a

result, many nanomaterials have been utilized in order to enhance the efficiency of a

refrigeration system. The nanomaterial such as Al O  [15], [16], CuO [17], [18], ZnO [19],TiO

[20], [21], SiO  [22], [14], gold [23], diamond [24], CNT [25], graphene [26] have already

been tested for vapor compression refrigeration system, which have improved the efficiency

of the refrigeration system. The only limitation of these nanoparticles is that they are

dispersed in the colloidal form. Since it is not bonded with base fluid, it is prone to

agglomerate within the base fluid. If such lubricant oil can disperse or mix with better

nanomaterial which is more stable compared to the mentioned nanomaterials, significant

enhancement in COP of the refrigeration system can be achieved. Over the last decade,

graphene quantum dots (GQD) based nanosuspensions are being utilized to improve the

stability of conventional heat transfer fluid. The graphene quantum dots are zero-

dimensional mono or plural layer of graphene smaller than 100 nm. The researchers are

2 3 2

2
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experimenting with quantum dots-based nanofluids to enhance the heat transfer rate of

conventional fluids and systems.

Amiri et al. [27] utilized the functionalized graphene quantum dots (FGQD) dispersed with

the transformer oil to improve the thermal conductivity and heat transfer rate. The amine-

treated graphene quantum dots (AGQD) was synthesized using covalent functionalization.

The average diameter of dots was 1–17 nm. The nanosuspension formed with transformer

oil and FGQD was found to provide enhanced thermal conductivity and no significant

enhancement in viscosity. The experimentation shows more colloidal superiority and

stability in the resulting oil compared to the conventional lubrication oil. Amiri et al. [28]

also investigated the rheological and thermophysical properties of water-based GQD. The

experimentation results showed that even with a low concentration of GQD, the thermal

conductivity of water was increased. Also, there is no significant enhancement in viscosity

which provided it with more colloidal stability. Such novel techniques demonstrated that

GQD is more stable in the colloidal form in oil or water compared to traditional metal oxide

nanomaterials. Amiri et al.[29] further utilized AGQD to enhance thermal conductivity of

two-phased thermosyphons.

In another study, Ettefaghi et al. [30] synthesized the biocompatible GQD based heat

transfer nanofluids for radiator coolant using hydrothermal method. The nanofluids were

synthesized in four different concentrations of 100 ppm, 200 ppm, 500 ppm, and 1000 ppm.

The heat transfer properties such as thermal conductivity and convective heat transfer

coefficient were investigated. Both properties showed significant improvement even at a

very low concentration of GQD.

Elaheh et al. [31] investigated the transport properties of dispersed GQD in glycerol and

distilled water-based nanofluids. Transport properties such as thermal conductivity,

rheological properties, and electrical conductivity were analyzed. The GQD was synthesized

in different mass fractions using glycerol and distilled water. The experimental results

showed significant improvement in thermal conductivity and electrical conductivity with

only a 2 % weight fraction of GQD. Further a reduction in the viscosity by 49 % in glycerol was

observed while achieving a gain in thermal conductivity. This makes GQD more stable

compared to conventional nanomaterials.

Sedaghat et al. [32] experimentally investigated the thermophysical properties of water,

ethylene glycol, and water-ethylene glycol solution by dispersing GQD in it. The

experimental investigation showed that using 0.5 wt% of GQD enhanced the thermal

conductivity of water, ethylene glycol, and water-ethylene glycol solution by nearly 53 %,

18 %, and 21 % respectively. Likewise in similar literatures, many researchers have
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demonstrated that the utilization of GQD enhances the thermophysical and rheological

properties of conventional fluids [33], [34], [35], [36], [37], [38].

As the utilization of one-dimensional nanomaterial or metal oxide-based nanomaterial is

found to have lower stability with the conventional fluid, hence the choice of the utilization

of GQD is the answer to enhance the colloidal stability. To the authors‘ knowledge, the

utilization of these GQD in refrigeration lubricant oil is not reported. Moreover, there is no

published literature showing the utilization of functionalized amine graphene quantum

dots to improve the efficiency of the vapor compression refrigeration system. In the current

research, the covalently functionalized amine-treated graphene quantum dots-based

nanosuspension lubricant is used for the first time in the vapor compression refrigeration

system. Using AGQD in the VCR system, this research focuses on the improvement in the

thermophysical properties of refrigeration lubricant oil. Further, an investigation on the

performance parameters of the VCR system such as COP, power consumption, mass flow

rate, compressor discharge pressure, vapor quality, evaporator pressure, pressure drop and

pull-down time is also carried out.

Section snippets

Synthesis of PAG – AGQD nanosuspension

Several literatures show the synthesis of graphene quantum dots by different methods. The

most commonly used are chemical vapor deposition [39], [40], graphene oxide reduction

[41], [42], silicon carbide epitaxial growth [43], [44], micromechanical stripping [45], [46],

etc. In the current research work, amine treated graphene quantum dots is synthesized in

two phase. In the first phase GQD is synthesized using nitric acid method and further

treated with ammonia solution to form amine treated …

Experimental system

The vapor compression refrigeration experimental system is designed according to Indian

standard of IS 1476 energy efficiency bureau[47]. The system is calibrated through Datacone

Access through your organization
Check access to the full text by signing in through your organization.

Access through your organization
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Technologies to reduce any type of error in the experimentation. The system is able to work

within the maximum evaporator temperature limit of −5 °C to the maximum condenser

temperature limit of 60 °C (Fig. 6 and Fig. 7). The controlled conditioned environment is

provided for the experimentation using split air …

Experimental procedure and investigation

The experiments with different concentrations of PAG-AGQD were carried out in two

phases. In the first phase of the experimentation, the thermophysical properties of the PAG-

AGQD were determined. Thermal conductivity, specific heat, density and viscosity were

investigated to determine the thermophysical properties of AGQD-PAG based

nanosuspension. The details of the instruments used to evaluate thermophysical properties

are stated in Table 2. In the second phase of the experimentation, the …

Thermal conductivity and specific heat of AGQD – PAG-based

nanosuspension

The thermal conductivity of synthesized AGQD – PAG based nanosuspension has shown

better enhancement as compared to the conventional PAG lubrication oil. The pattern of

gain in thermal conductivity is obtained by the Hamilton model as well as with physical

experimentation. The results from the Hamilton model and experimentation show the

impact of quantum dots concentration on thermal conductivity. As the quantum dots

concentration in the nanofluid (AGQD – PAG based nanosuspension) increases, …

Conclusion

The performance investigation of vapor compression refrigeration using amine-treated

graphene quantum dots based nanosuspension (AGQD-PAG) has been done experimentally.

At the same time results concerning COP, pressure drop, vapor quality, mass flow rate and

refrigerant-oil mixture properties are also validated with mathematical model. The

thermophysical properties of AGQD-PAG nanosuspension such as thermal conductivity,

viscosity, specific heat and density are evaluated. The effect of …

Future scope

The current study establishes that the utilization of nanosuspension in the refrigeration

system provides improved performance parameters. The quantum dots are zero-
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dimensional and smaller as compared to the one and two-dimensional nanomaterials.

Hence the colloidal suspension formed by it is more stable. The following can be the scope

of this research work:

• Different types of quantum dots-based nanosuspensions can be investigated

to improve the performance of lubricant oil and such nano …

…
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Abstract

In the last two decades, many attempts have been made to conserve the
energy of thermal systems using nanotechnology. Among them, the
refrigeration sector is such a thermal system that utilized much of the world's
energy. In this paper, a nanofluid based lubrication oil used in the
compressor of the refrigeration system which is prepared with graphene
nanoparticles. The thermophysical properties of this nanofluid were
investigated by measuring thermal conductivity and viscosity. The objective
of this experiment is to increase the convective heat transfer capacity of the
lubricating oil. For this two lubrication oils have been used, polyester oil and
mineral oil. Using both oils, nanofluids of three different concentrations have
been prepared and tested. Both the theoretical model and experimental
observation were done to conduct the test. The test concluded that the
reduced graphene nanoparticle increases the thermal conductivity of the oil,
but also increases the viscosity. The highest thermal conductivity of 2.65
W/mkwas observed from mineral oil with reduced graphene nanoparticle
based nanosuspension of 0.1 wt% compared to the conventional lubrication
oil. Also, a gain in viscosity of 37.2% measured at 80 °C was observed.
Experiments have concluded that despite of gain in viscosity,
nanosuspension was stable and not agglomerated. It is concluded that
optimal graphene nanoparticle concentration can be used to enhance the
thermophysical properties of mineral oil and polyester oil.
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... As a result, many nanomaterials have been utilized in order to enhance the efficiency of a
refrigeration system. The nanomaterial such as Al 2 O 3 [15,16], CuO [17,18], ZnO [19],TiO 2
[20,21], SiO 2 [14,22], gold [23], diamond [24], CNT [25], graphene [26]  have already been tested
for vapor compression refrigeration system, which have improved the efficiency of the refrigeration
system. The only limitation of these nanoparticles is that they are dispersed in the colloidal form. ...
... The gain of thermal conductivity is accounted to the availability of more surface area in the
lubrication oil. The colloidal form of AGQD nanoparticle in the PAG oil provides extra room for the
transfer of heat, which as a result improves the thermal conductivity of the lubrication oil
[26, 38,48]. Along with it, as the nanoparticle concentration of quantum dots increases the specific
heat of nanosuspension is found to decrease. ...
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Abstract. This study aims to understand the role of machining parameters in turning Haynes 25 

alloy. In this work, experiments as per Taguchi L9 orthogonal array are performed considering 

cutting speed, feed rate and depth of cut as input parameters. Here the objective is to generate 

the cutting parameters to achieve minimum tool wear and surface roughness. Surface roughness 

affects the component’s performance and integrity, and tool wear play is a key response to 

achieve the required finish. The methodical parameters are cutting speeds as 500, 1000, and 1500 

rpm; depth of cuts as 0.6, 1.2, and 1.8 mm; with feed rates as 0.05, 0.1 and 0.15 mm/rev 

respectively. The tool wear and surface roughness are statistically investigated using S/N ratio 

followed by regression analysis. The results indicate that with cutting speed of 500 rpm and feed 

rate of 1.2 mm/rev with depth of cut as 1.2 mm, the tool wear and surface roughness are 

minimum, resulting in optimum conditions. 

Keywords: Haynes 25, Taguchi Method, Turning, Superalloy 

1. Introduction 

In machining, it is essential to achieve the desired surface quality with minimum tool wear for optimal 

component performance and reliability. Surface roughness affects the functional attributes like friction, 

wear, and fatigue resistance. As a result, comprehending the contributing factors to surface roughness 

and adopting efficient techniques for optimization is of utmost importance [1,2]. Haynes 25 is a cobalt 

based superalloy known for its strength and high corrosion resistance and can withstand at high 

temperature environments. This alloy possesses variety of applications in aerospace and power sectors. 

The aerospace and gas turbine industries primarily rely on materials that necessitates to work in critical 

conditions ensuring seamless integration. 

 Currently a limited literature is available on the study of roughness and tool wear in machining 

Haynes 25 alloy. However, the work reports ideal range for cutting speed, feed rate, and depth of cut for 

machining Haynes 25. Andhare et al. [3] explored the effect of cutting parameters on surface roughness 

in machining with cryogenic-treated inserts and MQL (minimum quantity lubrication) techniques. These 

methods proved to optimize machining performance and improve tool durability. Further, finite element 

simulation with response surface methodology have shown significant results in turning Haynes 25 

[4,5]. Other methods, like use of cermet tools [6] and nano lubricants [7–9] have reported promising 

results in improving tool wear and surface roughness. In the present experimentation, the effect of 

cutting parameters on surface quality and tool wear in turning Haynes 25 alloy has been attempted. The 

L9 Taguchi method of experimentation is used to relate scientifically the cutting parameters on tool 

wear (TW) and surface roughness (SR). 

https://creativecommons.org/licenses/by/4.0/
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2. Experimental Details 

The setup consists of a CNC lathe (MTAB) on which turning experiments are conducted, in Fig. 1. The 

workpiece, Haynes 25 is cylindrical rod of 30 mm dia. Experiments are carried with tungsten carbide 

inserted cutting tools for varying parameters as per the design of experiments, mentioned in Table 1. 

These parameters are primarily responsible for tool wear and surface roughness. These parameters also 

significantly influence the cutting zone with heat generation, tool wear rate, and surface finish. Based 

on initial trials, the range of parameters are chosen ensuring stability while machining Haynes 25 alloy. 

Table 1: Range of parameters 

Parameter Values/Range 

Cutting Speed (RPM) 500, 1000, 1500 

Feed Rate (mm/rev) 0.05, 0.10, 0.15 

Depth of Cut (mm) 0.6, 1.2, 1.8 

 Each of the input parameters combination are repeated, and experimental runs were randomized to 

improve the reliability. This strategy removes uncontrolled elements and ensures consistency in results. 

A surface roughness tester (Mitutoyo SJ-410) is used to measure the machined surface's roughness, 

Fig.2, whereas an optical microscope is used for measuring the tool wear. The measurements against 

the experiments are summarized in Table 2. 

  
Figure 1. Experimental Setup Figure 2. Surface roughness measurement 

 

Table 2: Experiments and the corresponding responses 

Run No. Cutting Speed Feed Rate Depth of Cut Surface Roughness Tool Wear 

1 500 0.05 0.6 0.5390 42.63 

2 500 0.1 1.2 0.4090 43.39 

3 500 0.15 1.8 1.3260 60.71 

4 1000 0.05 0.6 0.4780 37.66 

5 1000 0.1 1.2 0.3980 30.40 

6 1000 0.15 1.8 1.3950 51.69 

7 1500 0.05 0.6 2.0100 38.01 

8 1500 0.1 1.2 0.6210 38.25 

9 1500 0.15 1.8 1.1320 72.75 

 

 Further, signal-to-noise ratio (SN) plots through Taguchi method are evaluated in conjunction with 

experimental results to determine the ideal parameters. To ascertain the nature of connection between 

the machining parameters, SR and TW regression analysis is carried [10,11]. The average response 

values of the variables (TW and SR) for each level in the form of SN ratio plots are obtained. In 

machining, since the requirement is less tool wear with good surface finish, the condition of 

"smaller/lower the better" is employed as given in Eqn. 1; where yi stands for the experimental value of 

the ith test and n is the number of replications. 
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(𝑆𝑁𝑅)𝐿𝐵 =  −10 log [
1

𝑛
 ∑ (𝑦1

2)𝑛
𝑖=1 ]    (1) 

 

3. Influence of machining parameters on TW and SR 

The role and influence of machining parameters on surface roughness is plotted in Fig. 3 considering 

the main effects plot of the SN ratios. The plot shows that optimum parameters to be cutting speed as 

1500 rpm, feed rate of 0.15 mm/rev and depth of cut is 1.8 mm with probability at 95 % confidence 

level. Further, with the same L9 Taguchi approach, tool wear when plotted, the optimum conditions 

were found to be cutting speed as of 500 rpm, feed rate of 0.15 mm/rev and dept of cut of 1.2 mm with 

the same 95% confidence level, in Fig. 4. However, while considering both surface roughness and tool 

wear for combined minimum, the optimal parameters are cutting speed of 500 rpm, depth of cut of 1.2 

mm, and feed rate as 0.15 mm/rev respectively as shown in Fig. 5. 

   

Figure 3. SN plot for SR Figure 4. SN plot for TW 
Figure 5. SN plot for 

combined responses 

 

 In machining, the increased cutting speed increases the surface roughness [12–14], as evident from 

the experiments. For the same feed rate and depth of cut, when cutting speed increases from 500 to 1500, 

surface roughness is increasing. However, the tool wear tends to increase with feed rate [15–18]. The 

findings were further supported by regression analysis, which resulted into predictive models to 

establish relationship between surface roughness and tool wear as a function of machining parameters, 

as given in Eq. 2 and Eq. 3 respectively.  

Surface Roughness = -0.242 + 0.000496 Cutting Speed + 2.75 Feed Rate + 0.328 Depth of Cut (2) 

Tool Wear = 24.3 + 0.00076 Cutting Speed + 222.8 Feed Rate - 0.96 Depth of Cut  (3) 

 Probability maps were created to verify the regression model that links cutting parameters to the 

measured surface roughness and tool wear. The plot illustrates the level of agreement with the expected 

as mentioned in the above relations and actual responses. The optimal conditions are cutting speed of 

500 rpm, depth of cut as 1.2 mm, and feed rate of 0.15 mm/rev plotted in Figs. 6 & 7. 

 

  
Figure 6 Probability plot for SR Figure 7 Probability plot for TW 
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4. Tool wear mechanism 

The surface roughness is majorly affected by tool wear [19], during experiments, a fixed volume of 

chips is collected for observation and analysis. The findings show notch wear as visible in Fig. 8, 9. 

Such type of wear has been observed in mostly Ni and Co based superalloys [20–22]. However, the 

cause of such tool wear is found to be very uncommon and it indicates adhesive wear mechanism [23], 

which is due to high cutting temperatures at tool-chip interface, leads to weldability of work material 

with the tool. 

   

Figure 8 Tool wear in 03 Figure 9 Tool wear in 06 Figure 10 Tool wear in 09 

5. Conclusion 

The objective of the present study is to comprehend how cutting parameters affect tool wear, and surface 

roughness in turning Haynes 25. The optimal conditions for obtaining minimum surface roughness and 

tool wear are found to be, 500 rpm; 0.15 mm/rev and 1.2 mm. A linear trait is observed between 500 to 

1000 rpm, and beyond 1000 rpm there is no indicative of surface roughness, which needs further 

investigations on a larger set of experiments. Cutting speed has a notable effect on surface roughness, 

while feed rate affects both surface roughness and tool wear. High feed rates tend to increase surface 

roughness and tool wear too with similar effects from depth of cut also. The active tool wear mechanism 

is observed to be adhesive in nature which is results in tool notch wear damage in cutting tools. 
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A manipulator design is mainly dictated by kinematic and dynamic analysis so far as

mechanism design is concerned. This work mainly focuses on dynamic analysis and

implementation of proportional–integral–derivative (PID) controller for a two-link serial

manipulator. Through this work, we intend to study the dynamic equations to evaluate the

joint forces/torques, carry out their parametric analysis and study the impact on joint

torques, displacement, velocity and acceleration. Implementation of a PID controller is also

carried out by establishing controller equations. An attempt is made to validate the controller

model for step input signal. This work presents in a very simple manner the entire

formulation of dynamic equations and controller equations and is therefore critical to the

mechanical design of serial manipulators for practical industrial applications. This work

paves way to better understanding in implementation of dynamic and control algorithms on

different manipulators mainly serial manipulators.
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This study aims to understand the role of machining parameters in turning Haynes 25 alloy.
In this work, experiments as per Taguchi L9 orthogonal array are performed considering
cutting speed, feed rate and depth of cut as input parameters. Here the objective is to
generate the cutting parameters to achieve minimum tool wear and surface roughness.
Surface roughness affects the component’s performance and integrity, and tool wear play
is a key response to achieve the required finish. The methodical parameters are cutting
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as 0.05, 0.1 and 0.15 mm/rev respectively. The tool wear and surface roughness are
statistically investigated using S/N ratio followed by regression analysis. The results
indicate that with cutting speed of 500 rpm and feed rate of 1.2 mm/rev with depth of cut as
1.2 mm, the tool wear and surface roughness are minimum, resulting in optimum
conditions.
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In this work, a propelled dynamic approach, Taguchi grey relational analysis has been employed to estimate the impact of untreated
and cryogenically treated and oil-quenched WC-Co tools in high-speed turning of Inconel 713C alloy on cutting force and surface
roughness. Taguchi grey relational analysis is executed to maximize the high-speed turning of Inconel 713C alloy taking into account
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The present research investigation aims at optimization of machining parameters such as spindle speed, depth of cut and feed rate on
surface roughness produced on the machined component. The experiments were conducted with and without coolant condition.
Taguchi technique is utilized to find the optimized machining parameters. After experimentation, it is found that the influence of feed
rate is ... [Show full abstract]
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This study investigates about machining practices used worldwide for machining of Inconel 718 super alloy. The effect of machining
parameters like cutting speed, feed and depth of cut on machining responses like surface roughness and material removal rate when
end milling Inconel 718 is studied using nine trials carried out based on L9 orthogonal array. A Taguchi based grey relational ... [Show
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View full-text

Chapter

Optimization of Wire EDM Process Parameters for Machining of INVAR 36 Alloy

June 2021

Ankita Mohanty · Rupam Mohapatra · Supriya Priyadarshini Das

Wire EDM is an eco-friendly, non-traditional machining process with no contact between the workpiece and the wire electrode and has
a widespread usage in the field of medical industry, automobile industry, etc. The purpose of this present work is to optimize various
wire EDM input parameters for machining of INVAR 36. The Taguchi technique was used to carry out the optimization. The control ...
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R. Thirumalai · J. S. Senthilkumaar · P. Selvarani · [...] · KM Senthilkumaar

This paper describes the development of response models such as surface roughness and flank wear for machining Inconel 718.
Several experiments are conducted by varying the cutting speed, feed, and depth of cut as machining parameters based on the design
of experiments. The surface roughness and flank wear are measured as responses against these parameters. Response optimisation
has been ... [Show full abstract]
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