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Article Information Abstract
Original Research Paper Friction stir processing is widely used for improvement of properties and microstructure of Aluminum, Copper and
Received: 3 October 2022 Magnesium alloys but investigation on steels are limited. Due to the fact that steel alloys, in addition to aluminum,
First Decision: 2 November 2022 copper and magnesium alloys, have good engineering properties and vast applications in the industry, they need to be
Accepted: 21 November 2022 processed by friction-stirring process. In this regard, the present research examines the effect of frictional stirring
process on grain size, hardness and wear resistance of Ck45 steel due to the number of passes and tool design. In this
Keywords: research, it was shown that the friction-stirring method can be an effective method to increase the hardness and wear
Friction-stirring process resistance of this steel in such a way that increasing the number of passes causes more heat generation per unit length
Ck4§ Sfeel and also affects the grain size, hardness and probably atomic penetration. In general, with the increase in the number
g:;g;zlszsc of passes, the size of the grains in the stirring area becomes larger, while the final hardness and wear resistance are

determined under the joint effects of grain size and hardness. The results indicate that the hardness has increased by

Wear resistance 42% and the amount of wear has decreased by 85% compared to the original sample by the frictional stirring process.
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Fig. 1 Diagram of how the friction-stirring process works
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Table 1 Chemical composition in terms of weight percentage of the elements that forming Ck45 steel sheet
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Table 2 Experimental samples of the friction-stirring process

e aaio mhaw gl s b (g 5ee (s dlgl 13l

N6l ¥ N5 b Y N4 b )

Slopls alade mdas sl o b g oo (ol ailgzl I3l

NI2LLF NI Y NI10 b )

89y » oliael Slasl Gldes cunl 13 a5 glaskad
)JULJ&QM)QY&&BY&)SMGJLM‘QBM‘BIDU‘UT
b (_gﬁfo)"..\.'»‘ Sekaie 4y Lol odls sl Qi C.’a..u $9)
& gl oo S e ohlandl - (Shol anTf gy,
alold 4 ol B L olasl p oges g axkd o atie Gec
335 olmlanl B b5l 2e e V-
9 VYo olod oy ooliw b Sankad o] )3 Eors 3l LS
9 ok Doge 4 axhad (nl G g 0005 Sred 2o 4 S
Al a5 1 Some 355 Gl )0 jae yeome OS> S
il e wlles o 50 Hlasge 1 e e s 0
Sy Sashd 5 oges bas 4 Caid laz 0 VIO aygly oo

Figure 3 Conducting the operation of the fricfion—stirring process and
recording the temperature of the work piece
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Table 3 Selection of parameters of friction-stirring process
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Fig. 4 a) How grain size changes in different samples by changing the number of passes with circular and square tools
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Fig. 5 Comparison of the results of hardness measurement of the surfaces of the samples after the friction-stirring process with one, two and four

passes by tools with circular and square cross-sections
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Fig. 6 Comparing the results of the average wear coefficients on the
upper and lower surfaces of the samples in the stirred area
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Fig. 7 Pin weight reduction diagram in the wear test on the upper and back surfaces of the samples
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