
157 
 

References 

  

1. Eng L. An assessment of mass reduction opportunities for a 2017-2020 mode l year 

vehicle program. The International Council on Clean Transportation. 2010 

2. Sato FEK, Furubayashi T, Nakata T. Energy and CO2 benefit assessment of reused 

vehicle parts through a material flow approach. International Journal of Automotive 

Engineering. 2018; 9(2):91-98. doi: 10.20485/jsaeijae.9.2_91 

3. Benz JC, Leavenworth Jr HW. An assessment of Fe-Mn-Al alloys as substitutes for 

stainless steels. Jom. 1985;37(3):36-9. doi: 10.1007/BF03258661 

4. Rana R, Lahaye, Ray RK. Overview of Lightweight Ferrous Materials: Strategies and 

Promises. JOM. 2014;66(9):1734 1746. doi: 10.1007/s11837-014-1126-5 

5. Tisza M. Development of Lightweight Steels for Automotive Applications. Eng. Steels 

High Entropy-Alloys. 2020;1 22. doi: 10.5772/intechopen.91024 

6. Horvath CD Advanced steels for lightweight automotive structures. Materials, Design 

and Manufacturing for Lightweight Vehicles. 2021;39 95. doi: 10.1016/B978-0-12-

818712-8.00002-1 

7. Ham JL, Cairns Jr RE. Manganese joins aluminum to give strong stainless. Product 

Engineering. 1958;29(52):50-1. 

8. Kayak GL. Fe-Mn-Al precipitation-hardening austenitic alloys. Metal Science and 

Heat Treatment. 1969;11(2):95-7. doi: 10.1007/BF00652271 

9. Kim YG, Park, Han JK. Low temperature mechanical behavior of microalloyed and 

controlled-rolled Fe-Mn-Al-C-X alloys. Metallurgical Transactions 

A.1985;16(9):1689 1693. doi: 10.1007/BF02663026 



158 
 

10. 

-

10):627-33. doi: 10.1002/SRIN.200606440 

11. Kim H, Suh DW, Kim NJ. Fe Al Mn C lightweight structural alloys: a review on the 

microstructures and mechanical properties. Science and technology of advanced 

materials. 2013; 14(1):14205 14216. doi: 10.1088/1468-6996/14/1/014205 

12. Suh DW, Kim NJ. Low-density steels. Scripta Materialia. 2013;6(68):337-338. doi: 

10.1016/j.scriptamat.2012.11.037 

13. Rana R. Low-Density Steels. JOM. 2014;66(9):1730 1733. doi: 10.1007/S11837-014-

1137-2/FIGURES/1 

14. Chen S, Rana R, Haldar A, Ray RK. Current state of Fe-Mn-Al-C low density steels. 

Progress in Material Science 2017;89:345-91. doi.org/10.1016/j.pmatsci.2017.05.002 

15. Lee J, Kim H, Jeong K, Park SJ, Moon J, Kang SG, Han HN. Prediction of precipitation 

kinetics and strengthening in FeMnAlC lightweight steels. Journal of Materials 

Research and Technology. 2021;14:2897-908. doi: 10.1016/j.jmrt.2021.08.094 

16. Kim CW, Kwon SI, Lee BH, Moon JO, Park SJ, Lee JH, Hong HU. Atomistic study of 

nano- -carbide formation and its interaction with dislocations in a cast Si added 

FeMnAlC lightweight steel. Materials Science and Engineering: A. 2016;673:108-13. 

doi: 10.1016/j.msea.2016.07.029 

17. Raabe D. Influence of Al content and precipitation state on the mechanical behavior of 

austenitic high-Mn low-density steels. Scripta Materialia. 2013;68(6,)343 347. doi: 

10.1016/j.scriptamat.2012.08.038 

18. Wang YY, Sun X, Wang YD, Zbib HM. Effects of Mn content on the deformation 

behavior of Fe Mn Al C TWIP steels a computational study. Journal of Engineering 

Materials and Technology. 2015;137(2):021001. doi: 10.1115/1.4029041 



159 
 

19. Chao CY, Liu CH. Effects of Mn contents on the microstructure and mechanical 

properties of the Fe-10Al-xMn-1.0 C alloy. Materials Transactions. 2002;43(10):2635-

42 

20. Yang F, Song R, Li Y, Sun T, Wang K. Tensile deformation of low density duplex Fe

Mn Al C steel. Materials & Design. 2015;76:32-9. doi: 10.1016/j.matdes.2015.03.043 

21. Liu D, Ding H, Cai M, Han D. Hot Deformation behavior and processing map of a Fe-

11Mn-10Al-0.9 C duplex low- -carbides. Journal of 

Materials Engineering and Performance. 2019;28:5116-26. doi: 10.1007/s11665-019-

04200-1 

22. Dini G, Najafizadeh A, Ueji R, Monir-Vaghefi SM. Tensile deformation behavior of 

high manganese austenitic steel: The role of grain size. Materials & Design. 

2010;31(7):3395-402. doi: 10.1016/j.matdes.2010.01.049 

23. -Mn 

transformation behavior of high carbon high manganese austenitic low-density Fe-

30Mn-10Al-2C steel. Materials Science and Engineering: A. 2017;703:167-72. doi: 

10.1016/j.msea.2017.07.055 

24. Haase C, Zehnder C, Ingendahl T, Bikar A, Tang F, Hallstedt B, Hu W, Bleck W, 

Molodov DA. -carbide- -carbide-containing 

high-Mn light-weight steel. Acta Materialia. 2017;122:332-43. doi: 

10.1016/j.actamat.2016.10.006 

25. Tamura I, Sekine H, Tanaka T. Thermomechanical processing of high-strength low-

alloy steels. Butterworth-Heinemann; 2013. doi: 10.1016/c2013-0-04163-1 

26. Song R, Ponge D, Raabe D, et al. Overview of processing, microstructure and 

mechanical properties of ultrafine-grained bcc steels. Materials Science and 

Engineering: A. 2006;441(1-2):1-7. doi: 10.1016/j.msea.2006.08.095 



160 
 

27. Zhao P, Wang Y, Niezgoda SR. Microstructural and micromechanical evolution during 

dynamic recrystallization. International Journal of Plasticity. 2018;100:52-68. doi: 

10.1016/j.ijplas.2017.09.009 

28. Humphreys FJ, Hatherly M. Recrystallization and related annealing phenomena. 

elsevier; 2012. doi: 10.1016/B978-0-08-044164-1.X5000-2 

29. Doherty RD, Hughes DA, Humphreys FJ, Jonas JJ, Jensen DJ, Kassner ME, King WE, 

McNelley TR, McQueen HJ, Rollett AD. Current issues in recrystallization: a review. 

Materials Science and Engineering: A. 1997;238(2):219-74. doi: 10.1016/S0921-

5093(97)00424-3 

30. Azushima A, Kopp R, Korhonen A, Yang DY, Micari F, Lahoti GD, Groche P, 

Yanagimoto J, Tsuji N, Rosochowski A, Yanagida A. Severe plastic deformation (SPD) 

processes for metals. CIRP annals. 2008;57(2):716-35. doi: 10.1016/j.cirp.2008.09.005 

31. Sheik Hassan M, Sharma S, Kumar B. A review of severe plastic deformation. Int. 

Refereed J. Eng. Sci. 2017;6:66-85 

32. Vu VQ, Pariyar A. Recrystallization in metals and continuous dynamic recrystallization 

via severe plastic deformation. Nucleation and Growth in Applied Materials. 2024:119-

40. doi: 10.1016/B978-0-323-99537-5.00010-6 

33. Huang J, Xu Z. Evolution mechanism of grain refinement based on dynamic 

recrystallization in multiaxially forged austenite. Materials Letters. 2006 Jul 

1;60(15):1854-8. doi: 10.1016/j.matlet.2005.12.110 

34. Sharath PC. Multi directional forging: an advanced deforming technique for severe 

plastic deformation. Advanced Welding and Deforming, Elsevier. 2021:529-56. doi: 

10.1016/B978-0-12-822049-8.00017-7 



161 
 

35. Pippan R, Scheriau S, Hohenwarter A, Hafok M. Advantages and limitations of HPT: 

a review. InMaterials Science Forum. 2008;584:16-21. doi: 

10.4028/www.scientific.net/msf.584-586.16 

36. Edalati K, Bachmaier A, Beloshenko VA. Nanomaterials by severe plastic deformation: 

review of historical developments and recent advances. Materials Research Letters. 

2022;10(4):163-256. doi: 10.1080/21663831.2022.2029779 

37.  Agarwal KM, Tyagi RK, Chaubey VK, et al. Comparison of different methods of 

Severe Plastic Deformation for grain refinement. InIOP Conference Series: Materials 

Science and Engineering 2019;691(1):012074. doi: 10.1088/1757-899X/691/1/012074 

38. Hussain M, Rao PN, Singh D, et al. Comparative study of microstructure and 

mechanical properties of Al 6063 alloy processed by multi axial forging at 77K and 

cryorolling. Procedia Engineering. 2014;75:129-33. doi: 10.1016/j.proeng.2013.11.028 

39. Misra RD. Strong and ductile texture-free ultrafine-grained magnesium alloy via three-

axial forging. Materials Letters. 2023;331:133443. doi: 10.1016/j.matlet.2022.133443 

40. Liu X, Xiao L, Wei C, et al. Effect of multi-directional forging and annealing on 

abrasive wear behavior in a medium carbon low alloy steel. Tribology International. 

2018;119:608-13. doi: 10.1016/j.triboint.2017.11.043 

41. Salishchev GA, Stepanov N, Kuznetsov AV, et al. Effect of multiaxial forging on 

structure evolution and mechanical properties of oxygen free copper. InMaterials 

Science Forum 2011;667:289-294. doi: 10.4028/www.scientific.net/MSF.667-669.289 

42. Li H, Long Y, Liang X, Che Y, Liu Z, Liu Y, Xu H, Wang L. Effects of multiaxial 

forging on microstructure and high temperature mechanical properties of powder 

metallurgy Ti-45Al-7Nb-0.3 W alloy. Intermetallics. 2020;116:106647. doi: 

10.1016/j.intermet.2019.106647 



162 
 

43. Sun J, Wang X, Li J, et al. Enhanced mechanical properties of ultrafine-lamella 304L 

stainless steel processed by multidirectional hot forging. Vacuum. 2021;187:110116. 

doi: 10.1016/j.vacuum.2021.110116 

44. Tikhonova M, Sorokopudova J, Bondareva E, et al. Tensile behavior of an austenitic 

stainless steel subjected to multidirectional forging. InIOP Conference Series: 

Materials Science and Engineering 2014;63(1):012063. doi: 10.1088/1757-

899X/63/1/012063 

45. Yoo JD, Hwang SW, Park KT. Factors influencing the tensile behavior of a Fe-28Mn-

9Al-0.8C steel. Mater. Sci. Eng. A. 2009;508(1 2):234 240. doi: 

10.1016/j.msea.2008.12.055 

46. Franceschi A, Stahl J, Kock C, Selbmann R, Ortmann-Ishkina S, Jobst A, et al. 

Strategies for residual stress adjustment in bulk metal forming. Arch Appl Mech 

2021;91(8):3557 3577. https://doi.org/10.1007/s00419-021-01903-7 

47. Djavanroodi F, Hussain Z, Irfan OM, Al-Mufadi F. Strain behavior of nickel alloy 200 

during multiaxial forging through finite element modeling. Metals 2019;9(2):132. 

https://doi.org/10.3390/met9020132 

48. Magalhães DC, Pratti AL, Kliauga AM, Rubert JB, Ferrante M, Sordi VL. Numerical 

simulation of cryogenic cyclic closed-die forging of Cu: hardness distribution, strain 

maps and microstructural stability. J Mater Res Technol 2019;8(1):333-43.  

https://doi.org/10.1016/j.jmrt.2018.02.005 

49. Shih C, Zhang Y, Xu Y, Li Y. An Fe-Mn-Al austenitic steel for cryogenic uses. 

Advances in Cryogenic Engineering Materials. 1984;30:161-8. doi.org/10.1007/978-1-

4613-9868-4_20 

50. Park KT, Jin KG, Han SH, Hwang SW, Choi K, Lee CS. Stacking fault energy and 

plastic deformation of fully austenitic high manganese steels: Effect of Al addition. 



163 
 

Materials Science and Engineering: A. 2010;527(16-17):3651-61. doi: 

10.1016/j.msea.2010.02.058 

51. Sutou Y, Kamiya N, Umino R, Ohnuma I, Ishida K. High-strength Fe 20Mn Al C-

based alloys with low density. ISIJ international. 2010;50(6):893-9. 

doi.org/10.2355/isijinternational.50.893 

52. Chang SC, Hsiau YH, Jahn MT. Tensile and fatigue properties of Fe-Mn-Al-C alloys. 

Journal of materials science. 1989;24:1117-20. doi.org/10.1007/BF01148807 

53. Ding H, Li H, Misra RD, Wu Z, Cai M. Strengthening mechanisms in low density Fe

26Mn xAl 1C steels. steel research international. 2018;89(9):1700381. doi: 

10.1002/srin.201700381 

54. Kim SD, Park JY, Park SJ, Jang JH, Moon J, Ha HY, Lee CH, Kang JY, Shin JH, Lee 

TH. Direct observation of dislocation plasticity in high-Mn lightweight steel by in-situ 

TEM. Scientific reports. 2019;9(1):15171. doi: 10.1038/s41598-019-51586-y 

55. Maier GG, Astafurova EG. A comparison of strengthening mechanisms of austenitic 

Fe-13Mn-1.3 C steel in warm and cold high-pressure torsion. Metals. 2020;10(4):493. 

doi: 10.3390/met10040493 

56. Yan K, Bhattacharyya D, Lian Q, et al. Martensitic Phase Transformation and 

Deformation Behavior of Fe Mn C

-32., doi: 

10.1002/adem.201300488 

57. Lee SH, Saito Y, Tsuji N, Utsunomiya H, Sakai T. Role of shear strain in ultragrain 

refinement by accumulative roll-bonding (ARB) process. Scripta Materialia. 2002 

46(4):281-5. doi: 10.1016/S1359-6462(01)01239-8 



164 
 

58. Faraji G, Jafarzadeh H. Accumulative torsion back (ATB) processing as a new plastic 

deformation technique. Materials and Manufacturing Processes. 2012;27(5):507-11. 

doi: 10.1080/10426914.2011.593235 

59. Cao Y, Ni S, Liao X, Song M, Zhu Y. Structural evolutions of metallic materials 

processed by severe plastic deformation. Materials Science and Engineering: R: 

Reports. 2018;133:1-59. doi: 10.1016/j.mser.2018.06.001 

60. Djavanroodi F, Ebrahimi M, Nayfeh JF. Tribological and mechanical investigation of 

multi-directional forged nickel. Scientific Reports. 2019;9(1):241. doi: 

10.1038/s41598-018-36584-w 

61. Kim J, Kim I, Shin DH. Development of deformation structures in low carbon steel by 

equal channel angular pressing. Scripta Materialia. 2001;45(4):421-6. doi: 

10.1016/S1359-6462(01)01029-6 

62. Verma D, Mukhopadhyay NK, Sastry GV, Manna R. Ultra-high-strength interstitial-

free steel processed by equal-channel angular pressing at large equivalent strain. 

Metallurgical and Materials Transactions A. 2016;47:1803-17. doi: 10.1007/S11661-

016-3352-7 

63. Halfa H. Recent trends in producing ultrafine grained steels. Journal of Minerals and 

Materials Characterization and Engineering. 2014;2014. doi: 

10.4236/jmmce.2014.25047. 

64. Abramova MM, Enikeev NA, Valiev RZ, Etienne A, Radiguet B, Ivanisenko Y, 

Sauvage X. Grain boundary segregation induced strengthening of an ultrafine-grained 

austenitic stainless steel. Materials letters. 2014;136:349-52. doi: 

10.1016/j.matlet.2014.07.188 



165 
 

65. Tikhonova M, Enikeev N, Valiev RZ, Belyakov A, Kaibyshev R. Submicrocrystalline 

austenitic stainless steel processed by cold or warm high pressure torsion. InMaterials 

Science Forum 2016;838:398-403. doi: 10.4028/www.scientific.net/MSF.838-839.398 

66. Zheng ZJ, Liu JW, Gao Y. Achieving high strength and high ductility in 304 stainless 

steel through bi-modal microstructure prepared by post-ECAP annealing. Materials 

Science and Engineering: A. 2017;680:426-32. doi: 10.1016/j.msea.2016.11.004 

67. Odnobokova M, Belyakov A, Enikeev N, et al. Microstructural changes and 

strengthening of austenitic stainless steels during rolling at 473 K. Metals. 

2020;10(12):1614. doi: 10.3390/met10121614 

68. Shakhova I, Dudko V, Belyakov A, Tsuzaki K, Kaibyshev R. Effect of large strain cold 

rolling and subsequent annealing on microstructure and mechanical properties of an 

austenitic stainless steel. Materials Science and Engineering: A. 2012;545:176-86. doi: 

10.1016/j.msea.2012.02.101 

69. Odnobokova M, Belyakov A, Kaibyshev R. Effect of severe cold or warm deformation 

on microstructure evolution and tensile behavior of a 316L stainless steel. Advanced 

Engineering Materials. 2015;17(12):1812-20. doi: 10.1002/adem.201500100 

70. Andreyachshenko VA. Evaluating the mechanism of grain refinement under severe 

plastic deformation. InAIP Conference Proceedings 2018;2053(1). doi: 

10.1063/1.5084362 

71. Segal VM. Deformation mode and plastic flow in ultra fine grained metals. Materials 

Science and Engineering: A. 2005;406(1-2):205-16. doi: 10.1016/j.msea.2005.06.035 

72. Sakai T, Belyakov A, Kaibyshev R, Miura H, Jonas JJ. Dynamic and post-dynamic 

recrystallization under hot, cold and severe plastic deformation conditions. Progress in 

materials science. 2014;60:130-207. doi: 10.1016/j.pmatsci.2013.09.002 



166 
 

73. Muszka K, Hodgson PD, Majta J. A physical based modeling approach for the dynamic 

behavior of ultrafine grained structures. Journal of materials processing technology. 

2006;177(1-3):456-60. doi: 10.1016/j.jmatprotec.2006.03.210 

74. Majta J, Muszka K. Mechanical properties of ultra fine-grained HSLA and Ti-IF steels. 

Materials Science and Engineering: A. 2007;464(1-2):186-91. doi: 

10.1016/j.msea.2007.01.135 

75. Petryk H, Stupkiewicz S, Kuziak R. Grain refinement and strain hardening in IF steel 

during multi-axis compression: Experiment and modelling. journal of materials 

processing technology. 2008;204(1-3):255-63. doi: 10.1016/j.jmatprotec.2007.11.068 

76. Wang XJ, Han BJ. Grain Refinement of Fe-32% Ni Alloy by Multi-Axial Forging. 

Applied Mechanics and Materials. 2011;80:18-21. doi: 

10.4028/www.scientific.net/amm.80-81.18 

77. Miura H, Nakao Y, Sakai T. Enhanced grain refinement by mechanical twinning in a 

bulk Cu-30 mass% Zn during multi-directional forging. Materials Transactions. 2007 

;48(9):2539-41. doi: 10.2320/matertrans.mrp2007123 

78. Tao NR, Wu XL, Sui ML, Lu J, Lu K. Grain refinement at the nanoscale via mechanical 

twinning and dislocation interaction in a nickel-based alloy. Journal of materials 

research. 2004;19:1623-9. doi: 10.1557/jmr.2004.0227 

79. Nakao Y, Miura H. Nano-grain evolution in austenitic stainless steel during multi-

directional forging. Materials Science and Engineering: A. 2011;528(3):1310-7. doi: 

10.1016/j.msea.2010.10.018 

80. Belyakov A, Tsuzaki K, Kimura Y, Kimura Y, Mishima Y. Comparative study on 

microstructure evolution upon unidirectional and multidirectional cold working in an 

Fe 15% Cr ferritic alloy. Materials Science and Engineering: A. 2007;456(1-2):323-

31. doi: 10.1016/j.msea.2006.12.063 



167 
 

81. Li S, Luan B, Chu L, Zhang X, Yuan G, Liu R, Murty KL, Liu Q. Twinning behaviors 

and grain refinement mechanisms during friction stir processing of Zr alloy. Materials 

Characterization. 2020;163:110277. doi: 10.1016/j.matchar.2020.110277 

82. 

Microstructural Evolution and Texture Analysis in a Thermomechanically Processed 

Materials. 

2018;20(4):1700928. doi: 10.1002/adem.201700928 

83. Yanushkevich ZC, Molodov DA, Belyakov AN, Kaibyshev RO. Recrystallization 

kinetics of an austenitic high-manganese steel subjected to severe plastic deformation. 

Russian Metallurgy (Metally). 2016;2016:812-9. doi: 10.1134/S0036029516090184 

84. Yoo JD, Park KT. Microband-induced plasticity in a high Mn Al C light steel. 

Materials Science and Engineering: A. 2008 Nov 25;496(1-2):417-24. doi: 

10.1016/j.msea.2008.05.042 

85. Wang B, Liu Z, Wang B, Zhao S, Sun J. Microstructural evolution in adiabatic shear 

band in the ultrafine-grained austenitic stainless steel processed by multi-axial 

compression. Materials Science and Engineering: A. 2014;611:100-7. doi: 

10.1016/j.msea.2014.05.082 

86. Rajput SK, Kumar J, Mehta Y, Soota T, Saxena KK. Microstructural evolution and 

mechanical properties of 316L stainless steel using multiaxial forging. Advances in 

Materials and Processing Technologies. 2020;6(3):509-18. doi: 

10.1080/2374068X.2020.1728641 

87. Soleymani V, Eghbali B. Grain refinement in a low carbon steel through 

multidirectional forging. Journal of Iron and Steel Research, International. 

2012;19(10):74-8. doi: 10.1016/S1006-706X(12)60155-1 



168 
 

88. Agarwal N, Chaudhari GP, Nath SK. Slurry and cavitation erosion of HSLA steel 

processed by warm multidirectional forging and inter-critical annealing. Tribology 

International. 2014;70:18-25. doi: 10.1016/j.triboint.2013.09.017 

89. Padap AK, Chaudhari GP, Pancholi V, Nath SK. Warm multiaxial forging of AISI 1016 

steel. Materials & Design. 2010;31(8):3816-24. doi: 10.1016/j.matdes.2010.03.030 

90. Padap AK, Chaudhari GP, Pancholi V, Nath SK. Microstructural evolution and 

mechanical behavior of warm multi-axially forged HSLA steel. Journal of Materials 

Science. 2012;47:7894-900. doi: 10.1007/S10853-012-6477-0 

91. Padap AK, Chaudhari GP, Nath SK, Pancholi V. Ultrafine-grained steel fabricated 

using warm multiaxial forging: Microstructure and mechanical properties. Materials 

Science and Engineering: A. 2009;527(1-2):110-7. doi: 10.1016/J.MSEA.2009.08.066 

92. Muley SV, Vidvans AN, Chaudhari GP, Udainiya S. An assessment of ultra fine 

grained 316L stainless steel for implant applications. Acta biomaterialia. 2016;30:408-

19. doi: 10.1016/j.actbio.2015.10.043 

93. Padap AK, Chaudhari GP, Nath SK. Dry Sliding Wear Behavior of Ultrafine-Grained 

Mild Steel Processed Using Multi Axial Forging. Chemistry for Sustainable 

Development. 2012:219-30. doi: 10.1007/978-90-481-8650-1_14. 

94. Wang B, Liu Z, Li J. Microstructure evolution in AISI201 austenitic stainless steel 

during the first compression cycle of multi-axial compression. Materials Science and 

Engineering: A. 2013;568:20-4. doi: 10.1016/J.MSEA.2013.01.024 

95. Tikhonova M, Belyakov A, Kaibyshev R. Strain-induced grain evolution in an 

austenitic stainless steel under warm multiple forging. Materials Science and 

Engineering: A. 2013;564:413-22. doi: 10.1016/J.MSEA.2012.11.088 



169 
 

96. Chen W, Hu B, Jia C, Zheng C, Li D. Continuous dynamic recrystallization during the 

transient deformation in a Ni-30% Fe austenitic model alloy. Materials Science and 

Engineering: A. 2019;751:10-4. doi: 10.1016/j.msea.2019.02.048 

97. Hughes DA, Hansen N. High angle boundaries formed by grain subdivision 

mechanisms. Acta materialia. 1997;45(9):3871-86. doi.org/10.1016/S1359-

6454(97)00027-x 

98. Lichtenfeld JA, Van Tyne CJ, Mataya MC. Effect of strain rate on stress-strain behavior 

of alloy 309 and 304L austenitic stainless steel. Metallurgical and Materials 

Transactions A. 2006;37:147-61. doi: 10.1007/S11661-006-0160-5 

99. Li Z, Wang Y, Cheng X, Liang J, Li S. Compressive behavior of a Fe Mn Al C 

lightweight steel at different strain rates. Materials Science and Engineering: A. 

2020;772:138700. doi: 10.1016/j.msea.2019.138700 

100. Bereczki P, Krallics G, Renkó J. The effect of strain rate under multiple forging on the 

mechanical and microstructural properties. Procedia Manufacturing. 2019;37:253-

60.doi: 10.1016/j.promfg.2019.12.044 

101. Dudova N, Belyakov A, Sakai T, Kaibyshev R. Dynamic recrystallization mechanisms 

operating in a Ni 20% Cr alloy under hot-to-warm working. Acta Materialia. 

2010;58(10):3624-32. doi: 10.1016/j.actamat.2010.02.032 

102. Han B, Xu Z. Microstructural evolution of Fe 32% Ni alloy during large strain multi-

axial forging. Materials Science and Engineering: A. 2007;447(1-2):119-24. doi: 

10.1016/j.msea.2006.10.010 

103. Roucoules C, Yue S, Jonas JJ. Microstructural changes following dynamic 

recrystallization in microalloyed austenite. InMaterials Science Forum. 1993;113:455-

460. doi: 10.4028/www.scientific.net/msf.113-115.455 



170 
 

104. Kim MS, Kim JG, Kwon SC, Jeong DH, Lee S, Jeong HT, Choi SH. Evolution of the 

microstructure and mechanical properties of interstitial-free steel during multi-axial 

diagonal forging. Materials Science and Engineering: A. 2022;846:143242. doi: 

10.1016/j.msea.2022.143242 

105. Sharath PC, Udupa KR, Kumar GP. Effect of multi directional forging on the 

microstructure and mechanical properties of Zn-24 wt% Al-2 wt% Cu alloy. 

Transactions of the Indian Institute of Metals. 2017;70:89-96. doi: 10.1007/s12666-

016-0863-2  

106. Zhu QF, Lei LI, Ban CY, Zhao ZH, Zuo YB, Cui JZ. Structure uniformity and limits 

of grain refinement of high purity aluminum during multi-directional forging process 

at room temperature. Transactions of Nonferrous Metals Society of China. 

2014;24(5):1301-6. doi: 10.1016/S1003-6326(14)63192-7. 

107. Ekmekçi B, Ekmekçi N, Tekkaya A, Erden A. Residual stress measurement with layer 

removal method. Meas. Tech. 2004;1(3).  

108. Ma Q, Lin ZQ, Yu ZQ. Prediction of deformation behavior and microstructure 

evolution in heavy forging by FEM. The International Journal of Advanced 

Manufacturing Technology. 2009;40(3):253-60. doi: 10.1007/S00170-007-1337-

9/metrics 

109. Du FS, Wang MT, Li XT. Research on deformation and microstructure evolution 

during forging of large-scale parts. Journal of Materials Processing Technology. 

2007;187:591-4. doi: 10.1016/j.jmatprotec.2006.11.038 

110. Bouissa Y, Bohlooli N, Shahriari D, Champliaud H, Morin JB, Jahazi M. FEM 

modeling and experimental validation of quench-induced distortions of large size steel 

forgings. Journal of Manufacturing Processes. 2020;58:592-605. doi: 

10.1016/j.jmapro.2020.08.042 



171 
 

111. Liou JH, Jang DY. Forging parameter optimization considering stress distributions in 

products through FEM analysis and robust design methodology. International Journal 

of Machine Tools and Manufacture. 1997;37(6):775-82. doi: 10.1016/S0890-

6955(96)00043-0 

112. Totten GE, editor. Handbook of residual stress and deformation of steel. ASM 

international; 2002 

113. Rossini NS, Dassisti M, Benyounis KY, Olabi AG. Methods of measuring residual 

stresses in components. Materials & Design. 2012;35:572-88. doi: 

10.1016/j.matdes.2011.08.022 

114. Kandil FA, Lord JD, Fry AT, Grant PV. A review of residual stress measurement 

methods-a guide to technique selection. 

115. Smith DJ, Farrahi GH, Zhu WX, McMahon CA. Obtaining multiaxial residual stress 

distributions from limited measurements. Materials Science and Engineering: A. 

2001;303(1-2):281-91 

116. Jiang GU, Haiyang FU, Bo PA, Renke KA. Recent progress of residual stress 

measurement methods: A review. Chinese Journal of Aeronautics. 2021;34(2):54-78. 

doi: 10.1016/j.cja.2019.10.010 

117. Withers PJ, Bhadeshia HK. Residual stress. Part 1 measurement techniques. Materials 

science and Technology. 2001;17(4):355-65. doi: 10.1179/026708301101509980 

118. Osman A. Residual Stress Measurement Using X-Ray Diffraction. Texas A and M 

University, College Station, TX, USA. 2004. 

119. Fitzpatrick ME, Fry AT, Holdway P, Kandil FA, Shackleton J, Suominen L. 

Determination of residual stresses by X-ray diffraction.2005. 



172 
 

120. Belyakov A, Sakai T, Miura H. Fine-grained structure formation in austenitic stainless 

steel under multiple deformation at 0.5 Tm. Materials Transactions, JIM. 

2000;41(4):476-84. doi.org/10.2320/matertrans1989.41.476 

121. Calcagnotto M, Ponge D, Demir E, Raabe D. Orientation gradients and geometrically 

necessary dislocations in ultrafine grained dual-phase steels studied by 2D and 3D 

EBSD. Materials Science and Engineering: A. 2010;527(10-11):2738-46. doi: 

10.1016/j.msea.2010.01.004 

122. Wei C, Lei Z, Du S, Chen R, Yin Y, Niu C, Xu Z. Microstructures and Mechanical 

Properties of Al-Zn-Mg-Cu Alloys under Multi-Directional Severe Strain and Aging. 

Materials. 2023;16(12):4441. doi: 10.3390/ma16124441 

123. Nazari F, Honarpisheh M, Zhao H. Effect of stress relief annealing on microstructure, 

mechanical properties, and residual stress of a copper sheet in the constrained groove 

pressing process. The International Journal of Advanced Manufacturing Technology. 

2019;102:4361-70. doi: 10.1007/s00170-019-03511-w 

124. Mothosi KL, Chikosha S, Madyira DM, Chikwanda HK. Determination of residual 

s1tresses in roll compacted titanium strips. Procedia Manufacturing. 2017;7:309-15. 

doi: 10.1016/j.promfg.2016.12.077 

125. Kumar A, Mehtani HK, Shrivastava A, Mishra S, Narasimhan K, Samajdar I. Failure 

mechanism during incremental sheet forming of a commercial purity aluminum alloy. 

Engineering Failure Analysis. 2023;146:107090. doi: 

10.1016/j.engfailanal.2023.107090 

126. Kumagai M, Kuroda M, Matsuno T, Harjo S, Akita K. In situ neutron diffraction 

analysis of microstructural evolution-dependent stress response in austenitic stainless 

steel under cyclic plastic deformation. Materials & Design. 2022;221:110965. doi: 

10.1016/j.matdes.2022.110965 



173 
 

127. Gohil DB. The simulation and experimental investigation to study the strain 

distribution pattern during the closed die forging process. International Journal of 

Mechanical and Mechatronics Engineering. 2016 Aug 1;10(10):1795-800. doi: 

10.5281/zenodo.1126858 

128. Moazam MA, Honarpisheh M. Improving the mechanical properties and reducing the 

residual stresses of AA7075 by combination of cyclic close die forging and 

precipitation hardening. Proceedings of the Institution of Mechanical Engineers, Part 

L: Journal of Materials: Design and Applications. 2021;235(3):542-9. 

doi.org/10.1177/146442072097242  

129. Noda M, Funami K, Suwahara Y. Effects of constraint and strain path on evolution of 

ultrafine grained microstructure by multi-axial alternative forging. InMaterials Science 

Forum 2005;475:3471-3474. doi: 10.4028/www.scientific.net/msf.475-479.3471 

130. Johnson GR. A constitutive model and date for metals subject to large strains, high 

strain rate and high temperatures. InProc. of 7th int. symp. on ballistics, the hague 1983. 

doi: 10.1299/kikaia.65.974 

131. Zhang H, Wen W, Cui H, Xu Y. A modified Zerilli Armstrong model for alloy IC10 

over a wide range of temperatures and strain rates. Materials Science and Engineering: 

A. 2009 Dec 15;527(1-2):328-33. doi: 10.1016/J.MSEA.2009.08.008 

132. Bodner S, Partom Y. Constitutive equations for elastic-viscoplastic strain-hardening 

materials. 1975; 385-389. doi: 10.1115/1.3423586 

133. Khan AS, Huang S. Experimental and theoretical study of mechanical behavior of 1100 

1992;8(4):397-424. doi: 10.1016/0749-6419(92)90057-J. 



174 
 

134. Steinberg DJ, Cochran SG, Guinan MW. A constitutive model for metals applicable at 

-504.  doi: 

10.1063/1.327799 

135. Follansbee PS, Kocks UF. A constitutive description of the deformation of copper 

based on the use of the mechanical threshold stress as an internal state variable. Acta 

Metallurgica. 1988;36(1):81-93. doi: 10.1016/0001-6160(88)90030-2 

136. Farrokh B, Khan AS. Grain size, strain rate, and temperature dependence of flow stress 

in ultra-fine grained and nanocrystalline Cu and Al: synthesis, experiment, and 

constitutive modeling. International Journal of Plasticity. 2009;25(5):715-32. doi: 

10.1016/J.ijplas.2008.08.001 

137. UF, Mecking H. Physics and phenomenology of strain hardening: the FCC case. 

Progress in materials science. 2003;48(3):171-273. doi: 10.1016/S0079-

6425(02)00003-8 

138. Molinari A, Ravichandran G. Constitutive modeling of high-strain-rate deformation in 

metals based on the evolution of an effective microstructural length. Mechanics of 

materials. 2005;37(7):737-52. doi: 10.1016/j.mechmat.2004.07.005 

139. Lin YC, Chen MS, Zhong J. Constitutive modeling for elevated temperature flow 

behavior of 42CrMo steel. Computational Materials Science. 2008;42(3):470-7. doi: 

10.1016/j.commatsci.2007.08.011 

140. Shin H, Kim JB. A phenomenological constitutive equation to describe various flow 

stress behaviors of materials in wide strain rate and temperature regimes. (2010): 

021009. doi: 10.1115/1.4000225/461074. 

141. Mohamadizadeh A, Zarei-Hanzaki A, Abedi HR. Modified constitutive analysis and 

activation energy evolution of a low-density steel considering the effects of 



175 
 

deformation parameters. Mechanics of Materials. 2016;95:60-70. doi: 

10.1016/j.mechmat.2016.01.001 

142. Li YP, Song RB, Wen ED, Yang FQ. Hot deformation and dynamic recrystallization 

behavior of austenite-based low-density Fe Mn Al C steel. Acta Metallurgica Sinica 

(English Letters). 2016;29:441-9. doi: 10.1007/s40195-016-0406-1 

143. Wang Y, Hu F, Wang Z, Fu K, Li W, Wang J, Guo J. Microstructure and Constitutive 

Equation of Hot Compressive Fe-15Mn-15Al-5Ni-1C Low-Density Steel. Materials. 

2022;15(8):2721. doi: 10.3390/ma15082721 

144. Wan P, Yu H, Li F, Gao P, Zhang L, Zhao Z. Hot deformation behaviors and process 

parameters optimization of low-density high-strength Fe Mn Al C alloy steel. Metals 

and Materials International. 2022;28(10):2498-512. doi: 10.1007/s12540-021-01144-x 

145. Wang CH, Sun CY, Qian LY, Cai W, Jiang J, Xiao Y. Dynamic mechanical behaviour 

induced by adiabatic temperature rise of Fe Mn Al C steel. Materials Science and 

Technology. 2021;37(3):280-91. doi: 10.1080/02670836.2021.1885580 

146. Johnson GR, Cook WH. Fracture characteristics of three metals subjected to various 

strains, strain rates, temperatures and pressures. Engineering fracture mechanics. 

1985;21(1):31-48. doi: 10.1016/0013-7944(85)90052-9 

147. Buchely MF, Ganguly S, Van Aken DC, O'Malley R, Lekakh S, Chandrashekhara K. 

Experimental Development of Johnson Cook Strength Model for Different Carbon 

2020;91(7):1900670. doi: 10.1002/srin.201900670 

148. Murugesan M, Jung DW. Johnson Cook material and failure model parameters 

estimation of AISI-1045 medium carbon steel for metal forming applications. 

Materials. 2019;12(4):609. doi: 10.3390/ma12040609 



176 
 

149. Prawoto Y, Fanone M, Shahedi S, Ismail MS, Nik WW. Computational approach using 

Johnson Cook model on dual phase steel. Computational Materials Science. 

2012;54:48-55. doi: 10.1016/j.commatsci.2011.10.021 

150. Hui L, Rui F. Dynamic deformation behavior and corresponding constitutive model of 

ultra-high strength DP1000 steel. Journal of Constructional Steel Research. 2022 

;191:107188. doi: 10.1016/j.jcsr.2022.107188. 

151. Bal BU, Karaveli KK, Cetin B, Gumus B. The precise determination of the johnson

cook material and damage model parameters and mechanical properties of an aluminum 

7068-t651 alloy. Journal of Engineering Materials and Technology. 

2019;141(4):041001. doi: 10.1115/1.4042870 

152. Korkmaz ME, Günay M, Verleysen P. Investigation of tensile Johnson-Cook model 

parameters for Nimonic 80A superalloy. Journal of Alloys and Compounds. 

2019;801:542-9. doi: 10.1016/j.jallcom.2019.06.153 

153. Hasan MS, De Pellegrin D, Clegg R, Yan C. Johnson-Cook model parameters 

determination for 11% and 14% Mn-Steel. Materials Science and Engineering: B. 

2022;283:115788. doi: 10.1016/j.mseb.2022.115788 

154. Wang W, Ma Y, Yang M, Jiang P, Yuan F, Wu X. Strain rate effect on tensile behavior 

for a high specific strength steel: From quasi-static to intermediate strain rates. Metals. 

2017;8(1):11. doi: 10.3390/met8010011 

155. Buchely MF, Wang X, Van Aken DC, O'Malley RJ, Lekakh S, Chandrashekhara K. 

The use of genetic algorithms to calibrate Johnson Cook strength and failure 

parameters of AISI/SAE 1018 steel. Journal of Engineering Materials and Technology. 

2019;141(2):021012. doi: 10.1115/1.4042382 



177 
 

156. Aghdami AM, Davoodi B. An inverse analysis to identify the Johnson-Cook 

constitutive model parameters for cold wire drawing process. Mechanics & Industry. 

2020;21(5):527. doi: 10.1051/meca/2020070 

157. Sagar CK, Chilukuri A, Priyadrashini A. Determination of Johnson Cook material 

model constants for 93% WHA and Optimization using Genetic algorithm. Materials 

Today: Proceedings. 2018;5(9):18911-9. doi: 10.1016/j.matpr.2018.06.240 

158. Chen G, Ren C, Yu W, Yang X, Zhang L. Application of genetic algorithms for 

optimizing the Johnson Cook constitutive model parameters when simulating the 

titanium alloy Ti-6Al-4V machining process. Proceedings of the Institution of 

Mechanical Engineers, Part B: Journal of Engineering Manufacture. 2012;226(8):1287-

97. doi: 10.1177/0954405412447735 

159. Cook constitutive model 

parameters. Journal of Machine Engineering. 2019;19(3):66-73.  

160. Ding H, Shen N, Shin YC. Predictive modeling of grain refinement during multi-pass 

cold rolling. Journal of Materials Processing Technology. 2012;212(5):1003-13. doi: 

10.1016/j.jmatprotec.2011.12.005 

161. Leung WY, Shi SQ, Jian LU, Ruan HH, Zhou LM. A constitutive model on flow stress 

prediction from the contribution of twin and grain refinement, strain and strain rate 

during surface mechanical attrition treatment of metals. Journal of Chemical 

Engineering and Materials Science. 2016;7(3):28-35. 2016, doi: 

10.5897/jcems2016.0237 

162. Caruso S, Filice L. Sustainable manufacturing of ultra-fine aluminium alloy 6101 wires 

using controlled high levels of mechanical strain and finite element modeling. 

International Journal of Material Forming. 2021;14(5):1209-19. doi: 10.1007/s12289-

021-01633-9 



178 
 

163. Zhang Y, Kang R, Dong Z, Bao Y, Guo D, Bai Q. Effect of dislocation density 

distribution in work-hardened layer on cutting characteristics in the multi-cutting of 

49Fe49Co2V alloy. Journal of Manufacturing Processes. 2023;85:1187-96. doi: 

10.1016/j.jmapro.2022.12.043 

164. Chakrabarty R, Song J. A modified Johnson-Cook material model with strain gradient 

plasticity consideration for numerical simulation of cold spray process. Surface and 

Coatings Technology. 2020;397:125981. doi: 10.1016/j.surfcoat.2020.125981 

165. -carbides in low-density Fe-Mn-Al-C steels: A review on 

their structure, precipitation and deformation mechanism. Metals. 2020;10(8):1021. 

doi: 10.3390/met10081021 

166. Korkmaz ME. Determination and verification of Johnson Cook parameters for 430 

ferritic steels via different gage lengths. Transactions of the Indian Institute of Metals. 

2019;72(10):2663-72. doi: 10.1007/S12666-019-01734-9/tables/6 

167. Zhang L, Song R, Zhao C, Yang F. Work hardening behavior involving the 

substructural evolution of an austenite ferrite Fe Mn Al C steel. Materials Science 

and Engineering: A. 2015;640:225-34. doi: 10.1016/j.msea.2015.05.108 

168. Wu ZQ, Ding H, Li HY, Huang ML, Cao FR. Microstructural evolution and strain 

hardening behavior during plastic deformation of Fe 12Mn 8Al 0.8 C steel. Materials 

Science and Engineering: A. 2013;584:150-5. doi: 10.1016/j.msea.2013.07.023 

169. Howell RA, Gerth R. Fe-Mn-Al-C Alloy Steels A New Armor Class. SAE Technical 

Paper; 2017. doi: 10.4271/2017-01-1703 

170. Hu S, Zheng Z, Yang W, Yang H. Fe Mn C

Materials: A Review of Alloying, Heat Treatment, Microstructure, and Mechanical 

Properties. steel research international. 2022;93(9):2200191. doi: 

10.1002/srin.202200191 



179 
 

171. Ivoditov VA, Perkas MM, Shelest AE, Yusupov VS. Materials science in automobile 

design. Steel in Translation. 2008;38:876-80. doi: 10.3103/S0967091208100197 

172. Grässel O, Krüger L, Frommeyer G, Meyer LW. High strength Fe Mn (Al, Si) 

TRIP/TWIP steels development properties application. International Journal of 

plasticity. 2000;16(10-11):1391-409. https://doi.org/10.1016/S0749-6419(00)00015-2 

173. Tjong SC, Zhu SM. Tensile deformation behavior and work hardening mechanism of 

Fe 28Mn 9Al 0.4 C and Fe 28Mn 9Al 1C alloys. Materials Transactions, JIM. 

1997;38(2):112-8. https://doi.org/10.2320/matertrans1989.38.112  

174. Chen Z, Liu MX, Zhang JK, Yang L, Zhang YH, Song CJ, Zhai QJ. Effect of annealing 

treatment on microstructures and properties of austenite-based Fe-28Mn-9Al-0.8 C 

lightweight steel with addition of Cu. China Foundry. 2021;18:207-16. 

https://doi.org/10.1007/s41230-021-1026-6 

175. Xing J, Hou L, Du H, Liu B, Wei Y. A new explanation for the effect of dynamic strain 

aging on negative strain rate sensitivity in Fe 30Mn 9Al 1C steel. Materials. 

2019;12(20):3426. doi: 10.3390/ma12203426 

176. Du J, Chen P, Guan X, Cai J, Peng Q, Lin C, Li X. The effect of strain rate on the 

deformation behavior of Fe-30Mn-8Al-1.0 C austenitic low-density steel. Metals. 

2022;12(8):1374. doi: 10.3390/met12081374 

177. Sivasankaran S, Sivaprasad K, Narayanasamy R, Satyanarayana PV. X-ray peak 

mechanical alloying. Materials Characterization. 2011;62(7):661-72. doi: 

10.1016/j.matchar.2011.04.017 

178. Wang ZG, Shen CL, Zhang JL, Song CJ, Zhai QJ. An accelerated aging assisted by 

electric current in a Fe-Mn-Al-C low-density steel. China Foundry. 2022;19(5):395-

402. doi: 10.1007/s41230-022-2033-y 



180 
 

179. Sarkar A, Bhowmik A, Suwas S. Microstructural characterization of ultrafine-grain 

interstitial-free steel by X-ray diffraction line profile analysis. Applied Physics A. 

2009;94:943-8. doi:10.1007/s00339-008-4870-y 

180. Odnobokova M, Belyakov A, Kaibyshev R. Development of nanocrystalline 304L 

stainless steel by large strain cold working. Metals. 2015;5(2):656-68. doi: 

10.3390/MET5020656 

181. Shakhova I, Belyakov A, Yanushkevich Z, Tsuzaki K, Kaibyshev R. On strengthening 

of austenitic stainless steel by large strain cold working. isij international. 

2016;56(7):1289-96. doi: 10.2355/isijinternational.isijint-2016-095 

182. Miura H, Kobayashi M, Aoba T, Aoyama H, Benjanarasuth T. An approach for room-

temperature multi-directional forging of pure titanium for strengthening. Materials 

Science and Engineering: A. 2018;731:603-8. doi: 10.1016/j.msea.2018.06.060 

183. Li Z, Wang YC, Cheng X, Gao C, Li Z, Langdon TG. Microstructure and mechanical 

properties of an Fe Mn Al C lightweight steel after dynamic plastic deformation 

processing and subsequent aging. Materials Science and Engineering: A. 

2022;833:142566. doi: 10.1016/j.msea.2021.142566 

184. Roy B, Kumar R, Das J. Effect of cryorolling on the microstructure and tensile 

properties of bulk nano-austenitic stainless steel. Materials Science and Engineering: 

A. 2015;631:241-7. doi: 10.1016/j.msea.2015.02.050 

185. Singh R, Agrahari S, Yadav SD, Kumar A. Microstructural evolution and mechanical 

properties of 316 austenitic stainless steel by CGP. Materials Science and Engineering: 

A. 2021;812:141105. doi: 10.1016/j.msea.2021.141105 

186. Yadav SD, El-Tahawy M, Kalácska S, Dománková M, Yubero DC, Poletti C. 

Characterizing dislocation configurations and their evolution during creep of a new 



181 
 

12% Cr steel. Materials characterization. 2017;134:387-97. doi: 

10.1016/j.matchar.2017.11.017 

187. Song R, Ponge D, Raabe D. Mechanical properties of an ultrafine grained C Mn steel 

processed by warm deformation and annealing. Acta materialia. 2005;53(18):4881-92. 

doi: 10.1016/j.actamat.2005.07.009 

188. 

boundary properties. Acta metallurgica et materialia. 1991;39(8):1891-9. doi: 

10.1016/0956-7151(91)90158-W 

189. Lian J, Baudelet B, Nazarov AA. Model for the prediction of the mechanical behaviour 

of nanocrystalline materials. Materials Science and Engineering: A. 1993;172(1-2):23-

9.doi: 10.1016/0921-5093(93)90422-B 

190. Valiev RZ, Kozlov EV, Ivanov YF, Lian J, Nazarov AA, Baudelet B. Deformation 

behaviour of ultra-fine-grained copper. Acta metallurgica et materialia. 

1994;42(7):2467-75. doi: 10.1016/0956-7151(94)90326-3 

191. Park KT, Kim YS, Lee JG, Shin DH. Thermal stability and mechanical properties of 

ultrafine grained low carbon steel. Materials Science and Engineering: A. 2000;293(1-

2):165-72. doi: 10.1016/S0921-5093(00)01220-X 

192. Ashby MF. The deformation of plastically non-homogeneous materials. The 

Philosophical Magazine: A Journal of Theoretical Experimental and Applied Physics. 

1970;21(170):399-424. doi: 10.1080/14786437008238426 

193. Kumar SS, Raghu T. Tensile behaviour and strain hardening characteristics of 

constrained groove pressed nickel sheets. Materials & Design. 2011;32(8-9):4650-7. 

doi: 10.1016/j.matdes.2011.03.081 

194. Kumar SS, Priyasudha K, Rao MS, Raghu T. Deformation homogeneity, mechanical 

behaviour and strain hardening characteristics of titanium severe plastically deformed 



182 
 

by cyclic channel die compression method. Materials & Design. 2016;101:117-29. doi: 

10.1016/J.MATDES.2016.04.004 

195. Xu CZ, Wang QJ, Zheng MS, Zhu JW, Li JD, Huang MQ, Jia QM, Du ZZ. 

Microstructure and properties of ultra-fine grain Cu Cr alloy prepared by equal-

channel angular pressing. Materials Science and Engineering: A. 2007;459(1-2):303-8. 

doi: 10.1016/j.msea.2007.01.105 

196. Gholizadeh R, Shibata A, Tsuji N. Grain refinement mechanisms in BCC ferritic steel 

and FCC austenitic steel highly deformed under different temperatures and strain rates. 

Materials Science and Engineering: A. 2020;790:139708. Doi: 

10.1016/j.msea.2020.139708 

197. Ren P, Chen XP, Wang CY, Zhou YX, Cao WQ, Liu Q. Evolution of microstructure, 

texture and mechanical properties of Fe 30Mn 11Al 1.2 C low-density steel during 

cold rolling. Materials Characterization. 2021 Apr 1;174:111013. 

doi.org/10.1016/j.matchar.2021.111013 

198. Li Z, Wang Y, Cheng X, Li Z, Du J, Li S. The effect of Ti Mo Nb on the 

microstructures and tensile properties of a Fe Mn Al C austenitic steel. Materials 

Science and Engineering: A. 2020 Apr 7;780:139220. 2020, doi: 

10.1016/J.MSEA.2020.139220. 

199. Liu M, Li X, Zhang Y, Song C, Zhai Q. Multiphase precipitation and its strengthening 

mechanism in a V-containing austenite-based low density steel. Intermetallics. 

2021;134:107179. doi: 10.1016/j.intermet.2021.107179 

200. Odnobokova M, Kipelova A, Belyakov A, Kaibyshev R. Microstructure evolution in a 

316L stainless steel subjected to multidirectional forging and unidirectional bar rolling. 

InIOP conference series: materials science and engineering 2014;63(1):012060. doi: 

10.1088/1757-899X/63/1/012060 



183 
 

201. Jin Y, Xi C, Xue P, Zhang C, Wang S, Luo J. Constitutive model and microstructure 

evolution finite element simulation of multidirectional forging for GH4169 superalloy. 

Metals. 2020;10(12):1695. doi: 10.3390/met10121695 

202. Almeida NG, Stemler PM, Faria CG, Pereira PH, Aguilar MT, Cetlin PR. Hardness, 

Microstructure and Strain Distributions in Commercial Purity Aluminum Processed by 

Multi Directional Forging (MDF). Materials Research. 2020;23(4):e20200262. doi: 

10.1590/1980-5373-MR-2020-0262 

203. Yanushkevich Z, Belyakov A, Haase C, Molodov DA, Kaibyshev R. Structural/textural 

changes and strengthening of an advanced high-Mn steel subjected to cold rolling. 

Materials Science and Engineering: A. 2016;651:763-73. doi: 

10.1016/j.msea.2015.11.027 

204. Yanushkevich Z, Belyakov A, Kaibyshev R, Haase C, Molodov DA. Effect of cold 

rolling on recrystallization and tensile behavior of a high-Mn steel. Materials 

Characterization. 2016;112:180-7. doi: 10.1016/j.matchar.2015.12.021 

205. Li YP, Song RB, Wen ED, Yang FQ. Hot deformation and dynamic recrystallization 

behavior of austenite-based low-density Fe Mn Al C steel. Acta Metallurgica Sinica 

(English Letters). 2016;29:441-9. doi:10.1007/s40195-016-0406-1 

206. Wan P, Kang T, Li F, Gao P, Zhang L, Zhao Z. Dynamic recrystallization behavior and 

microstructure evolution of low-density high-strength Fe Mn Al C steel. Journal of 

Materials Research and Technology. 2021;15:1059-68. doi: 

10.1016/j.jmrt.2021.08.079 

207. 

 



184 
 

208. Fajoui J, Kchaou M, Sellami A, Branchu S, Elleuch R, Jacquemin F. Impact of residual 

stresses on mechanical behaviour of hot work steels. Engineering Failure Analysis. 

2018;94:33-40. doi: 10.1016/j.engfailanal.2018.07.020 

209. Sarker P, Chakravarty UK. Analysis of the residual stress and deformation in a steel 

tube due to quenching process using different media. InASME International 

Mechanical Engineering Congress and Exposition 2014;46583:V009T12A041. doi: 

10.1115/IMECE2014-38701 

210. Yan C, Shen J, Lin P. Numerical Investigation on the Strain Evolution of Ti-6Al-4V 

Alloy during Multi-directional Forging at Elevated Temperatures. High Temperature 

Materials and Processes. 2018;37(6):571-80. doi:10.1515/htmp-2016-0223 

211. Juijerm P, Altenberger I. Effective boundary of deep-rolling treatment and its 

correlation with residual stress stability of Al Mg Mn and Al Mg Si Cu alloys. 

Scripta materialia. 2007;56(9):745-8. doi: 10.1016/J.SCRIPTAMAT.2007.01.021 

212. Mahmoodi M, Sedighi M, Tanner DA. Investigation of through thickness residual 

stress distribution in equal channel angular rolled Al 5083 alloy by layer removal 

technique and X-ray diffraction. Materials & Design. 2012;40:516-20. doi: 

10.1016/j.matdes.2012.03.029 

213. Moon JH, Baek SM, Lee SG, Seong Y, Amanov A, Lee S, Kim HS. Effects of residual 

stress on the mechanical properties of copper processed using ultrasonic-

nanocrystalline surface modification. Materials Research Letters. 2019;7(3):97-102. 

doi: 10.1080/21663831.2018.1560370 

214. Song X, Wang F, Qian D, Hua L. Tailoring the residual stress and mechanical 

properties by electroshocking treatment in cold rolled M50 steel. Materials Science and 

Engineering: A. 2020;780:139171. doi: 10.1016/j.msea.2020.139171 



185 
 

215. Mughrabi H. Deformation-induced long-range internal stresses and lattice plane 

misorientations and the role of geometrically necessary dislocations. Philosophical 

Magazine. 2006;86(25-26):4037-54. doi: 10.1080/14786430500509054 

216. Mecking H, Kocks UF. Kinetics of flow and strain-hardening. Acta metallurgica. 

1981;29(11):1865-75. doi:10.1016/0001-6160(81)90112-7. 

 



186 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



187 
 

LIST OF PUBLICATIONS 

International Journal Papers 

 H. Kumar, R. Manna, and D. Khan, Evaluation of Johnson Cook material model 

parameters for Fe 30Mn 9Al 0.8C low-density steel in metal forming 

applications, Journal of Material Science, vol. 58, pp. 8118 8129, Journal impact 

factor: 3.5 (2023). 

 H. Kumar, M. Tiwari, R. Manna, and D. Khan, A modified Johnson-Cook model 

to determine plastic flow behavior of Fe-30Mn-9Al-0.8 C low-density steel during 

warm multiaxial forging, Materials Today Communications, vol. 38, pp. 108270, 

Journal impact factor: 3.57 (2024). 

 H. Kumar, M. Tiwari, R. Manna, and D. Khan, Experimental and Numerical 

Investigations of Residual Stress Distribution in Fe-30Mn-9Al-0.8C Low-Density 

Steel during Multiaxial Forging. Materials Today Communications, (Under 

review)  

 H. Kumar, R.P. Kumar, R. Manna, and D. Khan. Microstructure and Mechanical 

Properties of Multiaxially Forged Fe-30Mn-9Al-0.8C and Fe-20Mn-10Al-1C Low-

Density Steels, Ironmaking and Steelmaking, (Under review)  

 H. Kumar, R. Manna, and D. Khan, Flow Behavior Investigation of Fe-30Mn-9Al-

0.8C Lightweight Steel during Close Die Forging using SPH Method. 

Computational Particle Mechanics, (Under review)  

Conference Papers 

 H. Kumar, R. Manna, and D. Khan, Improving mechanical properties of Fe-20Mn-

10Al-1C low-density steel by multiaxial forging. METCENT-2023, IIT (BHU), 

Varanasi 



188 
 

 

 

 

 

 

 

 

 

 

 

 

 


