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ARTICLE INFORMATION ABSTRACT

In this research, deposition of AA7075-T6 coatings on AA2024-T351 substrates was studied. In order
to investigate the influence of process parameters on the mechanical properties and microstructure, the
experiments were performed based on design of experiments using Response Surface Methodology
(RSM). Rotational speed (1200-1600 rpm), axial force (320-640 kg) and feed rate (100-300 mm/min)
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were considered as input parameters, while coating width (w), coating thickness (t) and hardness of
coating (HC), were raised as process outputs. The results reveal that joining of these two materials was
done without any porosity at the interface. Hardness of coating showed a 30% decrease compared to
the consumable rod on average. Thickness of deposition is decreased by increasing rotational speed,
feed rate and axial force. Excessive increase in axial force results in development of an arc toward the
plate along deposition. Microstructure of deposition turned into a totally fine-grained homogeneous
structure in comparison with rod and plate microstructure.
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Fig. 1 Appearance of the coated specimen and dimensions a) width (w),
b) thickness (t)
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Table 1 Process input variables and levels of the used design
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Fig. 5 Main effect plot for coating thickness diagram in terms of
rotational speed and feed rate and axial force
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Fig. 8 Main effect plot for hardness of coating in terms of feed rate and
force and rotational speed
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Fig.7 Contour plot of coating thickness in terms of rotational speed and
force

975 5 Olygd Jlade bl gy Cled 5l meie T S

iig (e sl ot 2ol ANOVA 7 Jgas
Table 7 Modified ANOVA for hardness of coating

& Sl ggeme Ol i e
g5 6 313.599 52.266 2.63  0.085
s> 3 113.574 35.528 1.79 0213
F 1 0.419 0.419 0.02  0.887
N 1 61.876 61.876 311  0.108
f 1 6.598 6.598 0.33 0577
93 A0 2 147.295 73.647 370  0.063
nxn 1 130.291 130291  6.55  0.028
fxf 1 145383 145383 731  0.022
Fxf 1 147202 147202  7.40  0.022
oxle Sl sl 4 95.08 23.77
Lack-of-Fit 6 103.752 17.292 0.73  0.654
Egore 16 512.431
R? = %61.20 R? (adj) = %92.37

5 0S5 S99es Sl e p |y GBS Dt Jlogei 8 IS0
Ol g Les dazme yobs plnil Sz moe ol 93 s oo (las 590
oM gl e Jy wboe Gl Led 9 (2l L sl (o0 Slge
& oume ok nlply g waless (SIS slge bz IRl pj law 5l olge
cde 4 jao mhao B oo (il bl g (ialS 8 SiSew g a0 el
4 9500 Y o 3 s o o 1 o9 I3 L Toazme T e ol
sl Jlsle o cdly selyx Jlos a4 1) same ok Lo oli8l ol
2 Lo 9z omb slasy i 0 Ml 1B (e Gl 258 o
S0 Gk lad, waled sl TE cdle by cul ol e due 0y
lag oy baals YU L sl Jbls 4 Jy sas o &) saze ol
Slade ol baibce wb ol (e o3Il 4 (B o S e
Sl dazme Hols Wl oo il feS e deo aly )3 Lo 92 (5958
Dedeo B el i (GBS0 g0l F S Alls Al yg il e
ol 05z s 9ly 0 s sho mhe 5l gy ey Gl L loaze
Al Gl 3a B g ols wales ) (soasme el

oael 2 Jsuz o alisee slocens lp a5 Bew jlade dwlie b
Ao Sl oo 03,5l 4 Jguz 0 a5 Brae ale e g Cuul
lo,S bl 4 wilgh o 3 yel ()l (ol e el ails woy0 30 sgu
..\...JLUTT(S 5y ol 9 Bras doe Sg j0 00 ol

8 o ploss 17 ©)93 1396 LT ()3 SHlse Sw e


https://dorl.net/dor/20.1001.1.10275940.1396.17.8.41.5
https://mme.modares.ac.ir/article-15-10154-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1396.17.8.41.5 ]

ol 9 )9 Gibsos yuel

&b d39) by & SoleT s iw e :AA2024-T351 (59, »2 AATO75-T6 Ia”&_p,ﬂ' SWT S ouol 2 yinisss

[2] M. Moradi, O. Mehrabi, T. Azdast, K. Y. Benyounis, Enhancement of low
power CO2 laser cutting process for injection molded polycarbonate, Optics
& Laser Technology, Vol. 96C, No. 10, pp. 208-218, 2017.

[3] M. Moradi, E. Golchin, Investigation on the effects of process parameters on
laser percussion drilling using finite element methodology statistical
modelling and optimization, Latin American Journal of Solids and Structures,
Vol. 14, No. 03, pp. 464 — 484, 2017.

[4] V. Vitanov, N. Javaid, D. J. Stephenson, Application of response surface
methodology for the optimisation of micro friction surfacing process, Surface
and Coatings Technology, Vol. 204, No. 21, pp. 3501-3508, 2010.

[5] V. Sugandhi, V. Ravishankar, Optimization of friction surfacing process
parameters for aal100 aluminum alloy coating with mild steel substrate
using response surface methodology (RSM) technique, Modern Applied
Science, Vol. 6, No. 2, pp. 60-69, 2012.

[6] H. Sakihama, H. Tokisue, K. Katoh, Mechanical properties of friction
surfaced 5052 aluminum alloy, Materials Transactions, Vol. 44, No. 12, pp.
2688-2694, 2003.

[7]1 H. Tokisue, K. Katoh, T. Asahina, T. Usiyama, Mechanical properties of
5052/2017 dissimilar aluminum alloys deposit by friction surfacing,
Materials Transactions, Vol. 47, No.3, pp. 874-882, 2006.

[8] J. Gandra, D. Pereira, R. M. Miranda, R. J. C. Silva, P. Vilaga, Deposition of
AA6082-T6 over AA2024-T3 by friction surfacing Mechanical and wear
characterization, Surface and Coatings Technology, Vol. 10, No. 4, pp. 223,
32-40, 2013.

[9] H. K. Rafi, G. j. Ram, G. Phanikumar, K. Rao, Microstructural evolution
during friction surfacing of tool steel H13, Materials & Design, Vol. 32, No.
1, pp. 82-87, 2011.

[10] D. Nakama, K. Katoh, H. Tokisue, Some characteristics of AZ31/AZ91
dissimilar magnesium alloy deposit by friction surfacing, Materials
Transactions, Vol. 49, No. 5, pp. 1137-1141, 2008.

[11] J. Gandra, R. Miranda, P. Vilaga, Performance analysis of friction surfacing,
Journal of Materials Processing Technology, Vol. 212, No. 8, pp. 1676-1686,
2012.

[12] H. K. Rafi, G. J. Ram, G. Phanikumar, K. Rao, Friction surfaced tool steel
(H13) coatings on low carbon steel: A study on the effects of process
parameters on coating characteristics and integrity, Surface and Coatings
Technology, Vol. 205, No. 1, pp. 232-242, 2010.

[13] H. K. Rafi, G. j. Ram, G. Phanikumar, K. Rao, Friction surfacing of
austenitic stainless steel on low carbon steel: Studies on the effects of
traverse speed, Proceedings of the World Congress on Engineering, Vol. 2,
No. 2, pp. 420- 427, 2010.

[14] K. Tahmasebi, M. Mahmoudi, Investigation of the effective parameters on
the mechanical and structural properties of aluminum wire sample fabricated
by friction stir extrusion, Journal of Modares Mechanical Engineering, VVol.
17, No. 4, pp. 78-84, 2017.

[15] M. Shamanian, H. Mostaan, M. Safari, J. A. Szpunar, Friction stir
modification of GTA 7075-T6 Al alloy weld joints: EBSD study and
microstructural evolutions, Journal of Archives of Civil and Mechanical
Engineering, Vol. 17, No. 3, pp. 574-585, 2017.

[16] M. Shamanian, H. Mostaan, M. Safari, M. Sefidkar Dezfooli, Friction-stir
processing of Al-12%Si alloys: grain refinement, numerical simulation,
microstructure evolution, dry sliding wear performance and hardness
measurement, Journal of Metallurgical Research & Technology, Vol. 114,
No. 2, pp. 1-11, 2017.

[17] M. Shamanian, H. Mostaan, M. Safari, J. A. Szpunar, EBSD study on grain
boundary and microtexture evolutions during friction stir processing of A413
cast aluminum alloy, Journal of Materials Engineering and Performance,
Vol. 25, No. 7, pp. 2824-2835, 2016.

[18] R. H. Meyers, D. C. Montgomery, Response surface methodology, Process
and Product Optimisation Using Design Experiments, Second Edition, pp.
170-173, Willey, New York, NY, 2002.

[19] M. Moradi, H. Abdollahi, Statistical modelling and optimization of the laser
percussion microdrilling of thin sheet stainless steel, Journal of lasers in
Engineering, Article in press, 2017.

[20] M. Shamsborhan, M. Moradi, A. Shokuhfar, Numerical optimization of
Planar twist channel angular extrusion as a novel severe plastic deformation
method by DOE method, Modares Mechanical Engineering, Vol. 16, No. 5,
pp. 135-144, 2017. (in Persian _..,ls)

8 olads 17 0,93 1396 QLT ys0 SilSe o ditco

© 40 um

N

| |

Fié. 9 Grading Structure (a) The consumable rod (b) substrate (c)
deposit
guy (€ camio (B o 3 pas als (B sanails JLzle 9 Ui

ool S5zg 4y el 09 03 a5l ey (5950e 5955 STl e SRalS
Dgdsn Dgmy Jobo puilipms )3 dmiio o & 8 S

i e &y amio 5 bye ala b indey 5 Log o duglio | -
Ty duzme yokd JESle )3 (ol SUS S 4 e 9 (S JSS
IR g «loﬁ)joiamghlfgw))tsujaolo

osiagll sladiges olgion (Saol B0 by g, 5l eslinl |-
3,91 Gy e (e aiz B pie (Lo 0.2 cuslses 5l cnlie Lidigs b

&lp-6
[1] H. Klopstock, A. Neelands, An Improved Method of Joining or Welding
Metals, Fourth Edition, pp. 212-213, British Patent specification, 1941.

230


http://www.sciencedirect.com/science/journal/16449665
http://www.sciencedirect.com/science/journal/16449665
https://link.springer.com/journal/11665
https://dorl.net/dor/20.1001.1.10275940.1396.17.8.41.5
https://mme.modares.ac.ir/article-15-10154-en.html
http://www.tcpdf.org

