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Aluminum matrix composites reinforced with Mg:Si particles are considered advanced engineering materials
due to their desirable mechanical and thermal properties, such as high specific strength and hardness. However,
machining these composites is often accompanied by challenges such as severe tool wear, mainly due to the

Tin, presence of hard and brittle phases. In this study, the effects of machining parameters and tin (Sn) additive on
Mg,Si tool wear behavior during the turming of Al-Mg.Si composites were experimentally and statistically
investigated. Two types of composites—one without additive and the other containing 1 wt.% Sn—were
fabricated using the in-situ casting method. Machining tests were performed under four levels of cutting speed,
feed rate, and depth of cut, and in both dry and wet conditions, based on the Taguchi design with an L16
orthogonal array. Tool wear was evaluated in terms of wear morphology and wear area using a scanning
electron microscope (SEM) and ImageJ software. The results indicated that adhesive wear was the dominant
mechanism in both composites, and the addition of Sn significantly reduced tool wear. Taguchi analysis and
multiple regression modeling revealed that depth of cut had the most significant effect on tool wear. The optimal
machining condition was identified as a 0.5 mm depth of cut, 0.08 mm/rev feed rate, 710 rpm spindle speed,
and wet cutting. Additionally, an alternative condition with 1 mm depth of cut and 0.12 mm/rev feed rate was

suggested for improved productivity.
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Fig. 2 Casting mold used for in-situ Al-15%Mg.Si composite

production
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Fig. 3 Microstructure image with EDS analysis for the two fabricated composites: unreinforced and Sn-reinforced
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el s o) Siile wlles ploul 6l p Gialejl Glodus Sesless (Al 4 Jsi
wsbye (@) 5 S (9)

M5 ol8s (59, o] (55655118 0978 5 o jorsls’ (Suid olss 3 Jgu
Table 3 Physical properties of the composites and their positioning in
the lathe

Goskeo) jlade b
150 JSaakd b
30 S asks bs
18 Ohalesl 52 o end (IS ile ailaie Jsbo
30 pllsian SB L askd 5550 Jsb
Sy g i -4

Joe T gy (3955 sSang oo 51l Gl o 330 oS 4l
bojslad wd esliiul (S 6502 0 s 5,5 el T 205,
sl Sy U owes e Ghle 2l 5l dike balis)n
Wil pandas BB Gl (S g Gee gy e 5l o Sueledee
A8l 3l 0oliial b ol 22l coline ol limn o8 2l pobanesy

A gy 3 S 03ll (]

! Tos Machine Tools
? Bohlerit

3 SEM

4 Vega2



e 9 3 598 i

posizoglT dise) i) guals (S Siwiblo )3 (b pa doal pib (5 bwdiseg 5 3l Gl JHiS o &l 256 55 w2

o ialo;l (b s yile ol podas I3l 00l el 10 ioles Colucs 4 bgy o guli 4 Jou
Table 4 Results of the tool rake face wear area along with the experimental design matrix

@b &5l glo 2ol )y
obe coles Shys e Sy S S e &Sy, raleil oo

(mm?) (rpm) (N) (mm/rev) () (mm) (d)
0.417 360 0.08 0.5 wsb e 1
0.582 360 0.12 1 ook ye 2
1.782 360 0.2 1.5 S 3
2.565 360 0.28 2 S 4
0.903 500 0.08 1 S 5
0.642 500 0.12 0.5 S 6
1.635 500 02 2 wsb e 7
1.844 500 0.28 15 wsb e 8
0.783 710 0.08 15 wsb e 9
1.193 710 0.12 2 b e 10
1.249 710 0.2 0.5 S 11
1.128 710 0.28 1 S 12
1.541 1000 0.08 2 S 13
1.379 1000 0.12 1.5 S 14
0.653 1000 02 1 ook e 15
0.901 1000 0.28 0.5 —ob e 16

Sy ol Sle polie JBlas ¢ yiSlas o Bl as W sl il Main EffeDcts F;:ot for Means

Lm):.;e‘)l.;l P CA,,QA| O 6‘)? L5,A>L» Q|5;.(:Ag RS QL'*’ |) JALC » Speed Rate Feed Eiat:m - Depth of Cut Lubrication

AL by Ges ‘C"L"’ ol oolel "‘5)5 S8 ookl o )50 Joo yo I

i 54 1 5l G s a8 ales S5 bl oo et (0.9313) Ls e o

J,5(0.2483) lgs ey 5 (0.3976) (5 SSls, (0.6985) g5ty 5
Joe slp a5 R2=96.03%) " o oy loie (0pl p ogdle .aub S
Bl 9 69959 Slorile G (598 (Khared 0dimdGLE Wb dls
iilys 4,5 g5 Jow a5 WS e ol YU e ol sl (g5
5 ooz onlnli oS (gt @YU 23 L) Il Giale Sl ol
slp hey ol s etle layll SIS oS anlie p ogdle
259150 w2l 6, 5ble anT b jo (adS Jalse (sanca gl

235 Jashea b &y o den 0.5 51 (2 Boe (281 b (ol Colwe
2915 4l 5l Gip Ges i (il L Ll ool aiily cwgaxo
e By 3 6 e ooty 3 il e sheo

&olS Jole cpaiz o Glgieen |y Inl Gl 50 49,0 (I3l Jdo
S slam Al 4 e Sp Ges (Rl (et 55 g2
3l s @ 1) (6 iy jLad ol (pl aS 0ol jSankad g 150 Goled 4l )0
sl Lil33l 4 S ankad olge  Saiins o 10 [28] cudlos S5 )ls
G GRIPBIL (mizen ool @ s allil ad b ool glaaY oSS s
0035 oy 4l o Lo (Al crge g ool 55 )5 (B p slag (A
RUNUEL G VR W S L1 EPI-Y O R L SNUUWIN DY or] S| R R
el 00l odinz ol

oosos 0.125°0.08 5l g5, &5 Gial3 b lal jo Giole colus

0.2 40.12 5 i 55 Sial3dl b Ll el 408l Slaizr esis 90
adly Gl 6 etz Hobar Aalo Ol5ee 495 2 e hes 0.28 & (s

v

/

Mean of Means
&

=

/

360 500 710 1000 0.08 012 020 028 05

10 15

2.0

Wet Dry

Fig. 6 The mean tool wear area for different machining parameters
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of cut of 2 mm, and wet lubrication.
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