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Investigation of the Mechanical Properties of AISI 316 Austenitic
Stainless Steel and St 37 Low Carbon Steel Dissimilar Joint by
Friction Stir Welding

A.H. Khosrovaninezhad’, M. Shamanian, A. Rezaeian and M . Atapour
Department of Materials Engineering, Isfahan University of Technology, Isfahan, Iran

Abstract: This paper reports on the mechanical properties of the dissimilar joints between AlSI 316 austenitic stainless steel
and St 37 low carbon steel achieved using friction stir welding technique. The welding was carried out by means of rotational
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speed of 800 rpm and linear speeds of 50,100,150 mm/min. EDS and XRD techniques were employed in order to determine
possible phase transformations. Tensile test, shear punch test and microhardness measurements were conducted to evaluate the
mechanical properties of the joints. The results of phase investigations showed that no carbide and brittle phase were detected at
the joint boundary. Also, tensile test results demonstrated that failure occurred in the St 37 base metal. According to the shear
punch test, the highest ultimate shear strength and yield shear strength was achieved for the sample welded at rotational speed of
800 rpm and linear speed of 150 mm/min, while this sample showed the least elongation. In addition, the highest microhardness
was measured in the stir zone of austenitic stainless steel sample welded in the above mentioned welding condition, which can be

attributed to the decrease in grain size caused by recrystallization process.

Keywords: Friction stir welding, Dissimilar joint, Al SI 316 austenitic stainless steel, St 37 low carbon steel
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1. gastungsten arc welding 10. Watanabe
2. resistance spot welding
3. friction welding

4. laser spot welding

5. electron beam welding
6. friction stir welding

7. the welding ingtitute

8. light metals

9. friction stir lap welding

13. butt joint
14. shaer punch

18. elongation
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12. advancing side

15. normalized displacement
16. ultimate shear strength
17. yield shear strength

300

250 -
800-150

200 an QC!—soo-loo
150 4 f 'f,\mw,v«
NasiN | !
o0els AFRGINET VT 50050
1

S
h

559 )

i
100 1 i
1 i
Syl i 5 i s | et cals | Y g ada
50 - st37 St37 WY 188316 ¥ et SS316
1 1 1
] 1 i
0+ - L —

6 -4 -2 0 2 4 6
(mm) Chga S ) 4lald

SLL gl pb 0 shain 53 fRan; s V0 JSS

odd (5,8 g

\)J}'r_v«ﬂﬂ_}\b c)‘_)u\J:JU :j'“:tfa )‘jﬁ <=\§.>r..\,u” \) Seaw
2als 6.‘0)3\\ @\))luu:,ﬂlbu\)_?j

_1
H=Hg+kD 2 )

K 5 g Ol 03000 b esle ity by o Ho 45 s
Eel wls o3Il Jals das o 0L Y el ol ol (gsue
b alssm Ol e S Sl s (e Oln Sl

L2 NI 8 Bome IS5 i 1z 53 (Hle Olsons

Mchb

19. line scan

20. spot

21. Zener-Hollomon

22. Hall-Petch

23.Li

24, Tsuji

25. plastic instability condition
26. work-hardening rate

&

3. Arivazhagan, N., Singh, S., Prakash, S. and Reddy,

G.M., “Investigation on AISI 304 Austenitic

Stainless Steel to AISI 4140 Low Alloy Steel

Dissimilar Joints by Gas Tungsten Arc, Electron

Beam and Friction Welding”, Materials & Design,
Vol. 32, pp. 3036-3050, 2011.


http://dx.doi.org/10.18869/acadpub.jame.34.2.89
https://dor.isc.ac/dor/20.1001.1.2251600.1394.34.2.8.3

[ DOR: 20.1001.1.2251600.1394.34.2.8.3 ]

[ DOI: 10.18869/acadpub.jame.34.2.89 ]

4. Marashi, P., Pouranvari, M., Amirabdollahian, S,
Abedi, A. and Goodarzi, M., “Microstructure and
Faillure Behavior of Dissmilar Resistance Spot
Welds between Low Carbon Galvanized and
Austenitic Stainless Steels”, Materials Science and
Engineering: A, Vol. 480, pp. 175-180, 2008.

5. Torkamany, M.J., Sabbaghzadeh, J. and Hamedi, M.J.,
“Effect of Laser Welding Mode on the
Microstructure and Mechanical Performance of
Dissimilar Laser Spot Welds between Low Carbon
and Austenitic Stainless Steels”, Materials & Design,
Vol. 34, pp. 666-672, 2012.

6. Mishra, R.S. and Ma, Z.Y., “Friction Stir Welding and
Processing”, Materials Science and Engineering: R
Reports, Vol. 50, pp. 1-78, 2005.

7. Thomas, W.M., Threadgill, P.L. and Nicholas, E.D.,
“Feasibility of Friction Stir Welding Steel”, Science
and Technology of Welding & Joining, Vol. 4,
pp. 365-372, 1999.

8. Fazel-Ngjafabadi, M., Kashani-Bozorg, S.F. and
Zarei-Hanzaki, A., “Joining of CP-Ti to 304 Stainless
Steel using Friction Stir Welding Technique”,
Materials & Design, Vol. 31, pp. 4800-4807, 2010.

9. Fazel-Ngjafabadi, M., Kashani-Bozorg, S.F. and
Zarei-Hanzaki, A., “Dissimilar Lap Joining of 304
Stainless Steel to CP-Ti Employing Friction Stir
Welding”, Materials & Design, Vol. 32, pp. 1824-
1832, 2011.

10. Watanabe, T., Takayama, H. and Yanagisawa, A.,
“Joining of Aluminum Alloy to Steel by Friction Stir
Welding”, Journal of Materials Processing
Technology, Vol. 178, pp. 342-349, 2006.

11. Jafarzadegan, M., Feng, A.H., Abdollah-zadeh, A.,
Saeid, T., Shen, J. and Assadi, H., “Microstructural
Characterization in Dissimilar Friction Stir Welding
between 304 Stainless Stee and St37 Stedl”,
Materials Characterization, Vol. 74, pp. 28-41,
2012.

12. Chung, Y.D., Fuyjii, H., Sun, Y. and Tanigawa, H.,
“Interface Microstructure Evolution of Dissimilar
Friction Stir butt Welded F82H Steel and SUS304”,
Materials Science and Engineering: A, Vol. 528,
pp. 5812-5821, 2011.

13. Bang, H., Bang, H., Jeon, G., Oh, I. and Ro, C., “Gas
Tungsten arc Welding Assisted Hybrid Friction Stir
Welding of Dissimilar Materials Al6061-T6
aluminum alloy and STS304 stainless steel”,
Materials & Design, Vol. 37, pp. 48-55, 2012.

14. Guduru, R., Darling, K., Kishore, R., Scattergood,
R., Koch, C. and Murty, K. “Evaluation of
Mechanical Properties Using Shear—Punch Testing”,
Materials Science and Engineering: A, Vol. 395,
pp. 307-314, 2005.

15. Alvani, S,, Aashuri, H., Kokabi, A. and Beygi, R.,
“Semisolid Joining of Aluminum A356 Alloy by
Partial Remelting and Mechanical Stirring”,

Transactions of Nonferrous Metals Society of China,
Voal. 20, pp. 1792-1798, 2010.

16. Fujii, H., Sun, Y., Kato, H. and Nakata, K.,
“Investigation of Welding Parameter Dependent
Microstructure and Mechanical Propertiesin Friction
Stir Welded Pure Ti Joints”, Materials Science and
Engineering: A, Vol. 527, pp. 3386-3391, 2010.

17. Miyano, Y., Fujii, H., Sun, Y., Katada, Y., Kuroda,
S. and Kamiya, O., “Mechanical Properties of
Friction Stir Butt Welds of High Nitrogen-
Containing Austenitic Stainless Steel”, Materials
Science and Engineering: A, Vol. 528, pp. 2917-
2921, 2011.

18. Esmailzadeh, M., Shamanian, M., Kermanpur, A.
and Saeid, T., “Microstructure and Mechanical
Properties of Friction Stir Welded Lean Duplex
Stainless Steel”, Materials Science and Engineering:
A, Vol. 561, pp. 486-491, 2013.

19. Saeid, T., Abdollah-Zadeh, A., Assadi, H. and Malek
Ghaini, F., “Effect of Friction Stir Welding Speed on
the Microstructure and Mechanical Properties of a
Duplex Stainless Steel”, Materials Science and
Engineering: A, Vol. 496, pp. 262-268, 2008.

20. Kurt ,B., “The Interface Morphology of Diffusion
Bonded Dissimilar Stainless Steel and Medium
Carbon Steel Couples’, Journal of Materials
Processing Technology, Vol. 190, pp. 138-141, 2007.

21. Hascalik, A., Unal, E. and Ozdemir, N., “Fatigue
Behaviour of AlISI 304 Steel to AISI 4340 Steel
Welded by Friction Welding”, Journal of Materials
Science, Val. 41, pp. 3233-3239, 2006.

22. Lienert, T.J.,, Stellwag, W.L., Grimmett, B.B. and
Warke, RW., “Friction Stir Welding Studies on Mild
Steel”, Welding Journal, Vol.1, pp. 1-9, 2003.

23. Nandan, R., DebRoy, T. and Bhadeshia, H.K.D.H.,
“Recent Advances in Friction-Stir Welding- Process,
Weldment Structure and Properties”, Progress in
Materials Science, Vol. 53, pp. 980-1023, 2008.

24. Rollett, A., Humphreys, F.J. and Rohrer, G.S,
Recrystallization and Related Annealing Phenomena,
2nd ed., Elsevier Science, 2004.

25. Dieter, G.E.,, Mechanical Metallurgy, 2nd ed.,
McGraw-Hill Book Company, 1988.

26. Di Schino, A., Barteri, M. and Kenny, J., “Effects of
Grain Size on the Properties of a Low Nickel
Austenitic Stainless Steel”, Journal of Materials
Science, Voal. 38, pp. 4725-4733, 2003.

27. Tsyji, N., Ito, Y., Sato, Y.and Minamino, Y.,
“Strength and Ductility of Ultrafine Grained
Aluminum and Iron Produced by ARB and
Annealing”, Scripta Materialia, Vol. 47, pp. 893-
899, 2002.

28. Fujii, H., Cui, L., Tsuji, N., Maeda, M., Nakata, K.,
and Nogi, K., “Frictionstir Welding of Carbon
Steels”, Materials Science and Engineering: A,
Vol. 429, pp. 50-57, 2006.

WWAY Sleasl ¥ o lads 7Y Jlu ¢ pwdige 5 ab o 3l e


http://dx.doi.org/10.18869/acadpub.jame.34.2.89
https://dor.isc.ac/dor/20.1001.1.2251600.1394.34.2.8.3
http://www.tcpdf.org

