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Abstract— Abstract-This study investigates the effect of $ton
(Si) and Manganese (Mn) in AS91 (9% Al, 1% Si) andAM90
(9% Al, 0.5% Mn) magnesium alloys that are among irportant
magnesium alloys wear resistance and machinability-Hardness
of intermetallic phases found in the microstructure of
magnesium alloys was observed to affect wear resisice and
machinability. Mg,Si found in the microstructure of AS91 alloy
was established to reduce machinability while intametallic phase
increased hardness and wear resistance. It was fadinthat
intermetallic phases (Mg-Al,, Mg,Si and AlgMns) of AS91 and
AM90 magnesium alloys had an impact on cutting fores and
machinability and mechanical properties.

Keywords— Machinability, cutting force, surface roughness, wear,
AS91, AM90 series magnesium alloys

I. INTRODUCTION

the effects on hardness, wear resistance, strengtll,
machinability depending on microstructure of AS9hda
AM90 containing 1% Si and 0.5% Mn.

Il. EXPERIMENTAL PROCEDURE

The magnesium alloy used AS91(containing 9%Al, 1%Si
and AM90 (containing 9% Al, 0.5% Mn) in the expeeintal
study were prepared by melting pure magnesium (ktg)
Aluminium (Al), Al-Si and Al-Mn master alloys in graphite
crucible under Argon gas (Ar) atmosphere at 750G, Al,
and Zn bullions (with a minimum purity of 99.90%3ad in
the casting and aluminium silicon (Al-Si 50%) ardnainium
manganese (Al-Mn 10%) master alloys bullions wexgptied
from Bilginoglu Co. AS91 and AM90 magnesium allaysed
in this experimental study were obtained by caii & cast

Today, there are numerous areas of use for magnesitpn mould (preheated to 270°C) under protective §&s.

and its alloys due to their characteristics, ares¢hareas of petailed information on the production methods ok t
use grow in number every day. Especially due tag@mong magnesium alloys can be found in the work of UGl The
the IIghteSt structure metals for their low denmyd hlgh produced magnesium a”oys Samp]es were 22 mm metexr
resistance characteristics, magnesium alloys gapoitance and 200 mm in length. The chemical compositionsthef

in many fields, predominantly in logistics, automet and alioys were determined by a Spectrolab M8 OptiaaisSion
aviation sectors [1,2,3]. Their use in vaster feltbntinues Spectrometry  (OES).  After the casting process
depending on improving certain characteristics. 8misuch characterization of the alloys were made by miapsc

characteristics to be improved are their mecharfealures, examinations and tensile tests. Alloy compositians listed
hardness, wear, and machinability. A large numbestwdies in Table I.

carried out on magnesium alloys were about obtginin
different alloys and investigating the mechanical
characteristics of such alloys [4,5]. Studies cateld on alloy
properties affecting the improvement of wear chismdstics
of magnesium alloys and their correlation with nmiaability
are quite low in number and insufficient. It is guimportant

TABLE |
CHEMICAL COMPOSITION OF THE STUDIED AS1 AND AM90ALLOYS

(wt %, “A” refers Al content and “S” refers to SIM” refers to Mn
content of the alloy).

to investigate the use of magnesium alloys in enggiston, ~_ Alloys A% Mn%  Zn%  Si% Fe% Mg%

and cylinders especially in automotive sector alst such AS91 9.3 0.1 0.2 1.2 0.02 Rest
characteristics as hardness, wear resistance, aodimability.

It is known that wear resistance is closely relatétth tensile AM90 941 05 0.26 01 0.02 Rest
properties of the material. Wear can be definedeatstance

of metal against friction in its most basic seriBeday, the ~ Microstructural ~ surveys were conducted on the

most commonly used Mg-Al (magnesium-aluminium) ydlo metallographic samples by optical microscopy (LVDMNikon
are AZ91, AM20, AM60, AS21, AS41, AJ62 etc. The mod=clipse). The samples prepared 12 mm in diametdr 1&n
significant properties of these alloys are theitlwastability mm in length were machined, ground with grit emeapers
and improvable tensile properties. (200, 400 600, 800 1000, and 1200 grits, respdgjivand
This study investigates the effect of Si (Silicamd Mn then polished with m, 3um and Lum diamond paste using
(Manganese) on wear resistance and machinability, adso pure water. Lastly, the samples were etched inlatisn of



100ml ethanol, 5ml Acetic acid, 6g picric acid drinl water Cutting forces were implemented to evaluate theyeisd
for use in microstructural evaluations. X-ray difftion (XRD) two experimental methodologies. The feed réteaid depth
analyses (Panalytical-Empyrean) were carried oateurCu of cut (DoC) were held constant to maintain thessfo
Ko radiation with an incidence beam angle of 2°. Tdwsile sectional area of the chips in millimetres per hation
tests (ASTM E 8 M-99 standards) were performed at @nm/rey. The feed {mm mirt) was held constant for various
crosshead speed of 0.8 mm/iimnd at room temperaturerevolutions. The machining parameters and conditiohthe
(Shimadzu Autograph AGS-J 10 kN Universal Test&he experimental studies are given in Table Il. Thetcas
hardness values of the samples were determinedhéy magnesium alloy samples were subjected to a peaticig
Vickers hardness test (HV) with a load of 10N byngs operation (i.e. diameter reduced from 22 to 20mefpite the
microhardness tester (Shimadzu HMV-2). At least tesxperiments.
hardness measurements were carried out on eactesamp TABLE Il

Wear tests of experimental samples were carriedoout MACHINING PARAMETERS AND CONDITIONS USED DURING THE TEST
pin-on disk test device (Fig.1) At the end of weaperiment,
sizes of marks left on sample surfaces were medsune thus Parameters and Conditions
wear resistances of samples were estimated. Wsi@r were
performed on a reciprocating wear tester (Tribete§M,
Clichy) under a load of 4 N. AD; balls having a 6mm Feedratef( mm/rey | : 0.10 (Constantly)
diameter rubbed on the surfaces of the samplesawitiding
speed of 5mm/s. The stroke of the®{ balls was 5mm for a Depth of CutPoC, mn | : 1.0
total sliding distance of 25m. Wear test samplesewilsmm Cutting Speed\(;, m/min) | : 56, 112, 168
in diameter and 10mm in length. The coefficientfradtion Cutting Conditions &| _ _
and frictional force were continuously recordedotighout Lubricant-Coolant| - ©rthegenal and Dry Cutting,
the wear tests. Contact surfaces of the samples evamined . .
using a surface profilometer (Dektak TM 6 I\/ﬁ)) Workpiece Materialy : AS91 and AM90

Operations| : Turning

Cutting Tool Properties @ | v |A |& [k [T

~ Dead waight
— |
—

ad

[1l. EXPERIMENTAL RESULTS ANDDISCUSSION

A. Microstructure and Mechanical Properties

Microstructure photographs and XRD patterns of AS91
and AM90 magnesium alloys used in the study arergiwn
Fig.3 and Fig.4, respectively. Microstructure ofgnasium
alloys analysed in the study was generally obsetegethe
made up ofa-Mg matrix and intermetallic phases. It was

Machining tests were conducted to determine théingut observed that network formation of M4, intermetallic
forces using a DMG CTX Alpha 300 CNC lathe machime. phase in AS91 Mg alloys tended to surroundlg grains
the turning operations under dry cutting conditionshroughout the matrix[7]. The intermetallic phasild easily
Polycrystalline Diamond (PCD) (CCGT 120408 FL Kifgs be distinguished from the matrix under the optitight
used as cutting tool. The turning tests were used fMmicroscopy (Fig.3a).
orthogonal cutting process. Cutting force curvesrewe In AS91 alloy, MgSi intermetallic phase was present along
obtained by creating a mechanism with the helgrairsgage with Mg;7Al;, intermetallic phase [8]. Previous studies
as shown in Fig.2. Surface roughness tests weriedarut by reported the presence of Mgl ,intermetallic phase in AZ91
Time-TR200 test instrument. alloy [9,10]. The formation of MgAl,phase was repeatedly
reported due to changes of the solidification be&hag of the
melt caused by Zn addition [9,10]. In AS91 magnesalloy,
the constitution of the matrix is-Mg phase, MgAl,, and

Sliding Direction

Fig.1 Schematic view of the reciprocating wear testdizetl in this study.

Digital
Straingage Clamp Meter
HHHH

_H—| Mg.Si phases as shown in Fig.3. The formation of,3ig
N Cutting Fores(Fo) phases in AS91 alloy appeared as Chinese script far
T f ''''''' T3 accord with the published literature [5,8-13]. InMB0
J_,—' N magnesium alloy, the constitution of the matrixidg phase
e and AgMns intermetallic phases as shown in Fig.3.

Fig.2 Schematic representation of experimental set-ulp stiin



b)AM90
Fig.3 Optical Micrographs of magnesium alloys (50x).
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Fig.4XRD patterns of A591 and AM90 magnesium alloys.

B. Mechanical Properties
Hardness and wear values of the analysed alloygieea

TABLE IlI
EXPERIMENTAL TEST RESULTS

| AS91 | AM90
Hardness Test Results
Hardness (Hy) | 61.45 | 885
Tensile Test Results
Ultimate tensile strength (UTY) 189.65 | 145.60
Yield strength (YS)| 118.7 89.7
Elongation (%EIl)| 2.99 2.67
Wear Test Results
Relative Wear Resistance (RWR) 1.00 1.22
Friction Coefficient (Average 0.26 0.28

Table 1ll show the dependence of the ultimate tensi
strength (UTS), yield strength (YS) and elongafigh) of the
alloys studied on their Si and Mn content. The ltssabtained
for UTS, YS and EL values could entirely be atttédzlito the
the presence of intermetallic phases (M, Mg,Si and
AlgMns) occurred in the structure. The various morphasgi
of the intermetallics indicate that particles wéyemed under
various conditions [6,9-19]. Deviations from thepoeted
results [12,16,19] are caused probably because hef t
production conditions such as casting temperature,
solidification condition and impurity of the alloy.

C. Machining Properties

In the turning processes of AS91 and AM90 experimen
samples used in the experimental study, data dataas a
result of applications conducted by keeping chipgtisas
fixed are given in Fig.5. The highest cutting foineAM90

in Table Ill. When checked the mean hardness vahfesalloy was obtained as 55.7N at a cutting speed of

alloys, these were estimated to be 61.45HK AS91 alloy
and 885 H\Y, in AM90 alloy. The fact that AM90
demonstrated a higher hardness property resultzd the
AlgMns phase found in the microstructure.

Based on the data obtained from wear tests, presehc

V.:168m/min, and as 49.8N in AS91 alloy; the lowasting
force value was 43.12N in AS91 and 48.8N in AM90aat
cutting speed of 56m/min. It was observed at tidifferent
cutting speed selected in the experiment that rgutforces
occurred during machining AM90 alloy was higher pamred

AlgMns intermetallic phase in AM90 alloy microstructureo cutting forces occurred during machining AS9tbyal An

provided the demonstration of a higher wear resisaat a
rate of 22% compared to AS91 alloy. According tis,tht was

increase was observed in cutting forces (with céggtion
fixed) due to a rise in cutting speed in machinkg91 and

observed that the AVins intermetallic phase that occurredAM90 alloys (Fig.5). When compared the cutting fscthe

thanks to the effect/presence of Mn in AM90 allogreased
wear resistance compared to (f8gMg;/Al;,) intermetallic
phase formed due to the effect/presence of Si i@1Ad8loy. A
significant difference was not found between thietifsn
coefficients of these two alloys. The reason for 3Malloy to
demonstrate a higher hardness and wear resistanggaced
to AS91 alloy was due to MMnsintermetallic phase found in
the microstructure. When analysed the correlatietwben
wear resistance and hardness in the experimeni@y,stvear
resistance was observed to increase depending oindss
(Table 1I). From this point of view, AMns intermetallic
phase found in AM90 alloy was observed to havenaparct
on hardness and wear properties. Experimental rezstlts
obtained from AS91 and AM90 series magnesium alkngs
given in Table Ill.

highest cutting force value was obtained from AM&DyY
(Fig.5). From this point of view, it may be noteldat the
increase in cutting forces depending on cuttingedpeould
occur due to dislocation build-up with chips intoug edge.

Cutting Force
AS91 and AM90 Magnesium Alloys (DoC:1mm)
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Fig.5 Relationship between cutting forces and alloy cositpms of
magnesium alloysXoC:1 mm, f:0.10 mm/rgv



Values of surface roughness that occur by machiAiag1 Images of chips obtained from machining AS91 and
and AM90 magnesium alloys are given in Fig.6. Ballbys AM90 magnesium alloys are given in Fig.8. When psed
were observed to have an increase in surface resghas the the chip images, it was observed that while chipméd from
cutting speed rises. It was observed that the cainfaughness AM90 alloy were smaller in length and more plaitetijps
values obtained from AS91 alloy were higher comgaie from AS91 alloy were longer and helical [13,17]. &vh
surface roughness values from AM90 alloy. It maynbéed compared chips from AS91 with chips from AM90, iasv
that intermetallic phases that occurred due to fiund that chip lengths reduced and had more diitbaks,
effect/presence (M&i, Mg;7Al1,) in the alloy had an impactand that chips were in the form of sawtooth. It rbaynoted
on the formation of surface roughness values. that chips from AM90 alloy were smaller in lengtimda

urtace Roughness occurred as a result of brittle breaks due to tfiece of
2 AlgMns intermetallic phase, and in AS91 alloy, chips were
longer and formed as a result of ductile breaks tu¢he
effect of MgSi and Mg-Al;, intermetallic phase (Fig.7). In

both alloys, chip formations may be noted to ocdue to

T * intermetallic phases thanks to Si and Mn effectpnee
(Mg,Si, Mg;7Al;,and AkMns) found in the alloy [13]. It was
observed that chips obtained from AM90 alloy weszdeer
and fragile compared to AS91.

* *AS91

0 50 100 150 200

Cutiing Speed (mimin)

Fig.6 Relationship between surface roughness (Rd) ctting speeds of
AS91 and AM90 series magnesium

Wears occurring due to machining AS91 and AM90
alloys on the surface of cutting edge surface &geved in
Fig.7. When analysed cutting edge surfaces usedhén
experiment, it was established that Flank Build{&BU)
occurred due to dry friction [13-16] between therk piece
and cutting tool surface during the machining of9ASand a)ASQ]_
AMO90 alloys and that cutting edges were worn. Tdid svear Fig.8 Chip Formation of Magnesium Alloy¥£168 m/min DoC:1mm, :0.10
was found to be deeper in the cutting edge from AMBoy; mmirev).
and when analysed the cutting tool surface withctwbAS91
alloy was machined, chips were observed to advahmeg
chip angle on a vaster surface (Fig.7c). Interrfietphases
(Mg,Si, Mg;7Al» and AgMns) that occurred/found in alloy
were effective in the increase of the cutting fsrderom this The below results were obtained from this expertalestudy;
point of view, it was observed thatgMns intermetallic phase ~ + Si and Mn found in the AS91 and AM90 alloys that
formed due the effect/presence of Mn in AM90 allad a were investigated in this study were effective be t
harder structure compared to i Mgi-Al 4, intermetallic hardness, wear resistance, and machinability of af
phase formed due to the effect/presence of Si iflAghd that addition to having an impact on formation and type
this wore the cutting tool much more [17-19]. intermetallic phases formed in the microstructure.

Flank Build-up (FBU) increase in the cutting sugac + It was found that intermetallic phases (YA 12, Mg,Si
between the cutting edge and sample surface due to and AgMns) of AS91 and AM90 magnesium alloys had
intermetallic phases also causes a rise in cuttirgs (Fig. 5) an impact on cutting forces and machinability.

Flank Build-up (FBU) formation increases with fiat and + ASO1 alloy had lower hardness and wear resistance
temperature rise occurring on the cutting tool atefdue to compared to AM90 alloy. AM90 alloy had higher

an increase in cutting speed [14], and this maydited to machinability. While it was observed that chipsniied
raise cutting forces (Fig.5) by machining AM90 alloy were smaller in length, @i

from AS91 alloy were longer. It was establishedt tha
intermetallic phases were effective in the formataf
chips and cutting force.

- Intermetallic phases were found to be effective on
surface roughness. Higher surface roughness were
obtained from AS91 magnesium alloy compared to

A AM90.

)AM90 - Hardness and wear resistance of AS91 alloy wasrlowe

compared to AM90 alloy.

V. CONCLUSIONS

A&

v a; Unuse

b)ASOL

Fig.7 SEM image of cutting tool tip used for madh@of magnesium alloys
(a)Unused, (b)AS91 and (c) AM90 series magnesiloysa(V::168 m/min,
DoC:1mm, f:0.10 mm/rév

Wear resistance and hardness (afviis intermetallic
phase) of AM90 alloy was higher compared to AS91
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alloy (in which Mg-Al,and MgSi intermetallic phase [9]
occurred).

Intermetallic phases occurred from AS91 and AM90
magnesium alloys were observed to have an effect [a0]
machinability.

Si and Mn were observed to have an effect on tglel]
formation of intermetallic phases in AS91 and AM9
magnesium alloys.

[12]
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